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THE PROBLEM OF ADAPTATION AS [LLUSTRATED BY
THE FUR SEALS OF THE PRIBILOF ISLANDS.

By GEORGE H PARKER
(Read April 22, 1013

The breeding habits of the Alaskan fur seals are so unusual a5
to make these ammals wnique anong mammals. During much of
the year, these seals are strictly pelagic roaming over the castern
expanse of the northern Pacific as far southward as the lititude of
southern Californin.  As sumumer approaches, practically the whole
herl consisting of several hundreds of thousands of individuals re-
pairs to the two small istands of St. George and St. Paul in Berimr
Sea for the breeding season. 1t is the relative proportions of the
various constituents of the herd during this breeding period that
affords material for interesting speculation.

The movements of the fur seals in their arrival and departure
from the Pribilof Islands take place with much regularity. Early
i May and June the mature males or bulls, having made their Wity
through the passes of the Aleutinns, reach the hreeding beaches or
rookeries on the islands of St. George and St Paul. Here they
take their positions, fighting all intruders while they await the com-
ing of the females oF cows. The cows arrive on the islands chicfly
during June and July. They associate themselyes with particular
bulls and the bull with his group of cows constitutes the family unit
or harem. Tn 1914 the average harem was not far from one bull

TROC, AMEN, FHIL. 800, 11V, 216 A, FRINTED NISK 1g, 1015,
. 1



2 PARKER—THE PROELEM OF ADAPTATION. [lAsiss

to sixty cows, and the range extended from harems containing one
cow to some that contained over a hundred, Because of the many
years of commercial killing, chiefly directed against the males, it is
impossible to state what the size of the normal average harem should
be, but probably not far from one bull to thirty or forty cows,

Within 2 short time after the arrival of the cow, in the haren,
i ¢, within a few days or a week or so, she gives birth to a single
young or pup. So far as is known, cows do not produce more than
one pup at a time.  Shortly after the birth of ber pup, the cow goes
into heat, pairs with the bull, and becomes pregrant again. As
these are annmal occurrences, the period of gestation in the fur seal
must be a few days less than a year. The pups are born males and
females in about equal numbers. The counts of former years, as
well as those of 1914, show a slight predomimance of males, the
excess being from a little over two per cent. to about seven per cent,
of the total births.

The breeding season closes toward the end of July or early in
August and this close is marked by the disintegration of the harems,
During August most of the bulls begin their migrations back to the
Pacific, and the pups, which heretofore have remained on the
beaches, begin to take to the sea. They and the cows stay about
the islands till November, when they too start on their migration 1o
the open peean. The only important constituent of the herd that
has not yet been mentioned is the class known as the bachelors, 1. «.,
the young males that have not yet attained to breeding. The bache-
lors move with the cows, arriving for the most part in June and
July, and departing in November, though some are found on the
islands in December or even later. The bachelors do ot mingle on
the beaches with the rest of the herd, but gather to one side of the
breeding grounds praper in the so-called bachelors hauling grounds,
where they lead an idle rollicking existence suggested by their name,

The maximum age of the fur seal is believed to be about twelve
to fourteen years for both males and females. In the migration,
Th:_: males return to the islands approximately in the sequence of
their ages; the old bulls arrive first in May and June followed by
the younger bulls and bachelors and lastly by the yearling males,
which arrive in the latter part of July and in August. The year-
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ling males on arrival associate with the pups and cows rather than
with the other bachelors. The bachelors may begin breeding at
five years of age or even four, but they do not normally undertake
this function until they are six or seven vears old, when they desert
the bachelors’ hauling grounds for the breeding rookeries. The
period of their normal breeding life covers, therefore, & term of
perhnps some seven Years Or more,

It is not impossible that the yearling females do not return to
the islands ar, if they do, it is probable that they do so only in small
mumbers and late i the season. The two-year-old females return
to the islands in July and August as virgin females; pair with the
vounger bulls; and reappear a vear Iater, the end of their third year,
with (heir first pup, From that time on they enter into the regular
breeding of the herd and continue in all probahility to prodice one
pup. anoually.  Their breeding life, therefore, extends over some
len or more years,

These in brief are the main facts concerning the breeding habits
of the Alaskan fur seal, an animal that exhibits one of the most re-
markable examples of concentrated and localized breeding known.
When it is recalled that these seals range over thousands of miles
in the northern Pacific and that all sexually active members of the
species without exception congregate in the appropriate season on
the two small islands of St. George and St. Paul for breeding, the
very exceptional nature of their reproductive activities must be
evident.

The proportion of the two sexes at birth is very nearly equal,
yet when the breeding age has been reached, the natural relations
are not far from one male to thirty or forty females. As there is
no reason to suppose that the death rate is higher in males than in
females and as the length of the hreeding life of the twa sexes is
not very different, about seven years for the hulls and about ten for
the cows, it follows from the sexual proportions already mentioned,
that we should expect an excess of bulls to be present.  As a matrer
of fact, such'is the case, for even in 1914, after the excessive com-
mercial killing of males in the past, the so-called idle bulls were
much in evidence. [t thus appears that the Alaskan fur seal pro-
duces at birth approximately equal numbers of males and females
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and yet in its breeding activities needs only relatively few mules, a
condition which when viewed as a wholé seems 1o be a nisadjust-
ment rather than a close adaptation to the actual needs of the species.
The measure of this misadjustment would be the proportion af idle
bulls naturally present. Unfortunately, the commercial activities
of the pazt in exploiting the herd for its fur prevent the possibility
of accurate statement on this point, but the presence of idle hulls
i the herd today is enough to show that this class under natural
canditions would le abundantly represented.

The fur seal, however, is 5ot the only one of the higher animals
to show this misadjustment in the ratio of males to females. A
prosaic example of the same kind js seen in the barn-yard fowl.
Here the sexes hatch in nearly equal nimibers, there bheing perhaps
a slight predominance of females, but in maturity the cock holds
sway over a flock of hens.  This condition is almost exactly paralle]
with that of the fur seal except that it occurs under domestication,
Nevertheless it has probably been inherited from the wild stock, for
Finn states that though the red jungle fowl will live quite happily
with a single ben, this is not universal and harems are often found.
The bull of the American elk or wapiti, as my friend Dr. J. C
Phillips tells me, also forms, during the breeding season, a harem of
cows. from which he will drive away other bulls of his own kind,
much as the fur seals do, Dr. Phillips further informs me that
there are among the higher vertebirates many other instance of that
particular form of polygamy in which ene male during the breeding
season naturally associates with many’ females,  Such examples are
found among some of the larger antelopes, wild sheep, and wild
goats, and among certain birds such as the black grouse, capercaillie,
and wild turkey. Although in these several species; the propor-
tions  of sexes at birth, s0 far 45 1 am aware, are not definitely
known, they probably follow the rule of approximate equalite so
comimon among many of the other higher antmals and thus in reality
tilustrate much the same condition as that seen in the Alaskan fur
seal,

Among the lower animals, particularly the insects, exceptional
ratios in the sexes have long been known, the classic example of
the honey bee being the most commonly quoted. Here a few
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males, the drones, are set off against onc perfect female, the queen,
and a host of unperfect ones, the workers, These cases differ from
thoze in the higher animale, however, in that the sex ratios appro-
priate for the breeding colony are determined from the beginning,
i. ¢.. the young are not produced males and {emales in equal pum--
bers. Such cases as the honey bee and other like insects exhibit,
therefare, in their sex ratios much more accurate adjustments 10
their breeding requirements than do the higher animals; in fact they
may be said to show a very high order of intracolonial sex adap-
tation.

Throughout the animal Kingdom as a whole sexual reproduction
seems to be best adjisted where the sexes are represented in ap-
proximately equal fimmbers and this relation is probably determmed
by the production of equal numbers of male-determining and female-
determining sexual elements. The sperm cells of most species of
anmnals, perhaps of all, are apparently the prime factors in this de-
termination, and the dimorphism of these cells in the sense that one
class is made up of male-determiners and the other of femalede-
terminers as well as the production of these two classes in equal
numbers may be looked upon as the chief adaptation of the animal
kingdom so far as sex ratios are concerned.  Bul the reproductive
activities of a limited number of animals, such as the honey bee and
the fur seal, have developed in directions in which equal numbers
of the two sexes serve no longer as an advantageous combination,
To meet these new conditions, further adaptation wouldl be needed
and, from what has been said, this adapation would involve read-
justments in the powers of the sex-determining reproductive cells.
Such readjustments seem to have heen carried out in the insects as
seen in the honey bee, etc:, where through the development of nat-
ural parthenogenesis the usual sex ratio has been entirely set aside
and a new one favorable to the new requirements has been estab-
lished. This has not been accomplished by the fur seals and other
higher aninuils which in this respect remain poorly adapted to their
new relations.  From this standpoint, then, such lower animals as the
inseets show a bigher order of adaptation than either the mamuutls
or the birds. An explanation of this pamadox may be found in
the fact that the rate at which generation follows generation in in-
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sects is enormous compared with that in the higher animals and
further that geologically speaking the insects are much older than
the mammals or birds, Hence they have had a much greater op-
portunity to adapt themselves to their conditions than has fallen to
the lot of the higher amimals. 1f the maladjustments of the sex
ratios as exhibited by the fur seals and other higher animals are 10
be interpreted in the way indicated, it is clear that the evolutionary
processes by which adaptation is brought about nmst often be slow
and imperfect with the result that adaptation itself is better de-
scribed, in the words of Bateson, as a poor fit than in the extravagant
terms of culogy with which many of the older writers clothed it.

Hapvann Unnemsiry,
April 23 1915



THE LARGE FRUITED AMERICAN OAKS.

By WILLIAM TRELEASE, ScD. LLD.
Prarss T-11L
{Read April 23. 1015.)

When Alphonse de Candolle monographed the oaks of the
world something over a generation ago,! he distinguished with a
varietal name & form of our common white oak with small acorns
some 8 % 14 mm., which Engelmann had sent him—the ustial fruit
of Ouercus alba measuring about 14> 18 mm.  Those who have
examined numerous specimens of our common red oak, Q. rubra,
and its double, 0. Sehmeckii, have noted that they occur in forms
varying in diameter of the acorn from about 10 to about 20 mm.
The assemblage of forms clustering about the Californian . chry-
solepis, the oldest of our existing types of oak, geologically, also
show a comparable or even greater difference in the size of the fruit
of what are atherwise held to be mere variants of a single species;
and the polymorphic Q, dumosa presents a similar if less extended
range of froit size?

The most surprising of our species in this respect is the bur oak,
which joins to its great range in size a difference in froit which 18
even more startling ; for while the usual diameter of the acorns of
this species is somewhere about 25 mm., and of the cup five or ten
millinieters more, the acorns frequently measure 40 mm. in diameter
with 2 cup fully 50 mm. across on the one hand, while on the other
hand they may scarcely reach a diameter of 10 mm. Perhaps no
oak presents so great a range of cup characters as this species does.®
While the round or ovoid scaly-fringed form covering the acorn
nearly or quite to its top is taken as the most typical and has given
to the tree-its common name of mossy or overcup oak, it is not un-

t Ouercus alba microcarpa A. de Candolle, Prodromus, 16% 22 1864

2 On these consult Sargent, Silva, vol. &

7
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common to find a broad saucer-shape assumed with the fringe oi
slender scales either seemingly absent, because closely inflexed beside
the acorn, or extended in its development over 4 considerable part of
the outzide of the cup; and it is even possible, as Professor Picters
has recently shown me by material collected about Ann Arhor, for
the cup of the smaller type of fruit to be shallow and thin as in
the post oak, and either delicately cliate at top or entirely without
a fringe even on a single: tree.

Even the largest acorns produced by these or our other familiar
paks seem small when compared with those of some tropical species
of Quercus, o of the related genus Pasanio. On our own conti-
nent, where the true oaks extend from the far north into the high
Andes of Colombia, these lorge-froited species are of both the red—
and white-oak groups,—the former in Guatemala and Chiapas, and
the latter in the last-named state of Mexico and along the flanks
of the eastern Sierre Madre range above Vern Cruz. In contrast
with these, which may reach a diameter of 30 or even 60 mni, the
smallest acorns, also Guatemalan and Mexican, and of the group
of red oaks; scarcely measure 5 mm. in diameter.?

Some two years ago, while looking over a series of type photo-
graphs that I had made in the course of a systematic revision of
the oaks of tropical America, Mr. Walter Swingle, of the National
Department of Agriculture, expressed considerable interest in some
of the east-Mexican large-fruited white oaks as affording a hope-
ful field for experimentation hoth in direct propagation and hybrid-
ization, with reflerence to our own tropical aml subtropical regions;
anid Mr. David Fairchild, of the 2ame government department, con-
sidered the matter of sufficient interest to undertake importationg
through the interest of Dr. C. A, Purpus, whose collections in the
gouthern republic have done much of recent vears (o make its
vegetuhle wealth known, The purpose of the present commiinica-

t Ouercnr poriglns no nom—0. miracarfo Lisbmann, Overs. Dansk,
Videnak. Sclsk. Forhandl :854: t84—Liclimann-Oersted, Chédes Amer. Trop
26, pl. 6—Nat . mivrocarpa Lapeyronse, Hist. Abr, PL Pyren. sf2 1813
Equally smuall are the racemed scoms of an as yet unpublished group of west-

and sotith-Mexioan species of the red oaks; and the estt-Mexican white ok,
() globrercend, possesses on equally small-frufied varicty.
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tion is to give a comnected account of these large-fruited species,
because of this popular interest that they possess.

The first of the large-fruited tropical American species to be
made known is Quercis SEinneri collected by Hartweg at Quezalte-
nango, Guatemala, which Bentham noted anid illustrated in 1841
and deseribed the following year. Skinner's oak is a large tree
with long-petioled, ovate, acute, rather blunt-based aristately toothed
glahrous leaves about § 3 9 em,, producing solitary or paired shori-
stalkked fruit resembling that of our commmon red oak but on & much
larger scale, the shallow cup 50 mm. in diameter and the <hort-
ovoid acorn of about that length: It is a red oak with the usual
characters of apicil abortive ovules and tomentose interior of the
shell, but the latter is thicker than usual and with the septa intruded
into the kernel so as to make the latter somewhat three-lobed. Of
recent years Q. Skinneri has been collected only by Cook and Griggs,
at the Finca Sepacuite, Guatemala. A similar, if not the same, red
oak. but with larger duller winter huds and lance-elliptical leaves as
much is 20 em. long, was collected at Chinantla, in the Mexican
State of Onxaca, by Liebmann in the fall of 1842, but of it nothing
else is known: as with Fureraa longave, the species seems Lo range
extensively through the Cordillern,

Closely refated to Skinner's oak is a species recently collected by
Dr. Purpus in the Mexican state of Chinpas, the similar acorns of
which may reach a diameter of over 35 mnu, their very shallow cups,
with thickened scales, sometimes measuring 45 mm. across, This,
which differs markedly from Quercus Skinneri in having acutely
lanceolate very short-statked leaves about 53¢ 12 cm., may be called
Q. chiapasensis® Like the other caks here wnder consideration, it
appears to become a tree of very large size,

The vear following the full description of Quercus Skinweri, the
Belgian botanists Martens and Galeotti described under the name

b Quercur Skinneri Bentham, Gard Chron t8qr: t6. fo; DL Hartwes: 0o
184z —Hooker, Teones Plant. 5. pl. goz—Lichmann-Oersted, L ¢ PL 5, &

§ Quercuy chiopasensiz 1. sp. Arbor grandis: folits brevipetinlatis, soutis

lanceolitis, nrigtato-dentatic: fricty magsa: cupuls plana, glibra, crassa;
glande semiglobosa, 33 mm. dinmetro, (. Skinneri affinis.



10 TRELEASE—LARGE FRUITED AMERICAN OAKS. [Apil =,

(. insignis® what must be regarded as most notable in its genus be-
canse of the enormous height of the trees and the production of
acorns occasionally fully 60 num, in diameter and thus out of com-
parison with those of any black oaks and even with those of such
Asiatic Paanias as P. cormea. QQuercug insignis, which occurs:
along the upper flanks of Mount Orizaba in eastern Mexico, is a
white-oak, with the interior of the acorn shell not woolly, and with
deeply Interal ovules. Its short-petioled elliptical-oblanceclate
more or less acuminate leaves are sharply low-sermate but without
bristle-like tips to the teeth, and measure 53¢ 10 cm. or more. The
fruit, which matures the first season, as seems to be true of all
white oaks, iz typically biscuit-shaped and about one-fourth shorter
than thick, and the ruther shallow cup, which may reach 80 mm. in
diameter, is covered with coarse heavy loosely ascending scales.

Martens and Galeotti do not appear to have seen more than one
form in the oaks of this kind; but the type collection of Galeotti
as represented in the museum at Budapest contains acorns of
two sorts, one depressed, and the other acuminately conical and
about as long as thick. At about the same time that Galeotti's col-
lections were made, the Danish botanist Lichmann collected i the
same general region materials of an oak similar to Q. insignis but
differing in bearing subconical acorns about as long as broad and
with mwore turbinate cups. This was published by its discoverer
in 1854 under the name (). strombocarpa’ Subsequently when a
series of exquisite drawings of Mexican oaks prepared ander Lieh-
mann's direction were published by Oersted, the latter added a
plate of a very similar form, which he called Q. insignis strombo-
carpoides® It is hard to see how the latter can be distinguished
from O. strombocarpa, and the Galeotti collection shows that, dif-
ferent as the fruit extremes are, the discoverer of Q. insignis did
not separate from its typical form the conical-fruited form to which
apparently both of the later names refer,

8 Ouerens insignic Martens and Galeotti, Bull Acadl. Brux: 107 219, - 1Ba3
—Liehmann-Oersted, L o M. K, 20

T Quercus strombocarpa Lichmann, Overs, Danske. Vidensle. Selsk. For-

hamdl, 1854 176 —Lichmunn-Oersted, | ¢ 34. pl, 27.—Oersted, Bidrag Kondek
Egefamilien. 346 f. E.
B 0. dnrignis siromibocarprider Lictmann-Oersted, L e pl, 28
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Wishing materials that should throw light on this question, 1
turnied in 1912 to my amiable correspondent, Dr. Purpus, who was
then in eastern Mexico: bul before my letter reached him, Dr.
Purpus had gone into southern Mexico, The result of my appeal,
therefore, was not further specimens of Quercus ingignis, but col-
lections of an equally large and almost equally large-fruited white
oak which appears to be characteristic of the Chiapas region. With
somewhat similar but more deeply roothed leaves about 7 < 20 em,
equally short-petioled, this conibines a stoutly stalked turbinate
cup as much as 60 mm. in diameter, the scales of which are barely
if at all free at tip with their bases connate in zomes; and the
ovoid poinited acorn meastres 40-50 X 50-60 mm. Though closely
related to (). insignis, this species is so distinct in its collective char-
acters as to stand as the type of a separable group of while paks,
and it has been called Q. cyelobalanoides® because of its very pecubiar
cup-markings.

EXPLANATION OF PLATES,
{All figures are of natural size.)
Prare 1

Clurrens maerocarpa.  Above, three scomns from a very small-fruited
Michigan tree (Pieters), parily with and partly without fringe to the
cup, and u single fruit of the largest and * mossiest” type from 1linois
{Adamz). Below, two of the more typical acorns of different cup-depth, and
3 cup showing @ not infrequent inrolling of the inner scales, alén from
[tinote (Adams ).

Prate I

Above, two cups and three acorns of the large-fruited Mexican
red odk (uercws chiopayensiy (Purpus). Below, tasal and slde view of
two scorns of the large-fruited Chinese oak, Pasomia cornes (after pho-
tographs by Fairchild},

Prate 1L

Above. two fruits of the Mexican ring-scaled white cak. Quercus eyelo-
Balanoides (Chiaprs, Purpns), Below, a fruit of the great-acorned Mexican
white oak, (Jwercus inslgnis ( Huatusco, Frpss).

The Usivensiry or Jiorsos,

March 8, 1015,

$ Ourrcns eyclabalansides n s Arbor grandis: foliis hrevipetiolatis,
scutis, oblanceslatis, mucronato-demtatis: fructu magna; cupnls turbinats,
luteo-tomentoss, pluriannulata; glande ellipaoiden, sub 50 fmm. dramedro.
(ruerins Insignes valde affinis, sed sectio distincta, Cyclobalanoides, constitu-
ens—{). inadgmis Jowmal of Heredity, 5 407 f. 12 1gt4—not Martens and
CGalleatss, L. e



THE SWEDES, GOVERNOR PRINTZ AND THE
BEGINNING OF PENNSYLVANIA,

By THOMAS WILLING BALCH.

(Read Moarch 5 1015}

Of the original thirteen States, those south of the Middle States
as well as those known under the collective name of New England,
were settled by men and women of English race. New York, New
Jersey and Delaware were first settled by Hollanders, The whole
area of the Dutch seulements was known as New Netherland, and
the chief city of the Hollanders in the new world was called Am-
sterdam in New Netherland, though historians afterwards thought
fit to change the mame into New Amsterdam,! doubtless because
the English had renamed the town New York. The settlements in
the valley of the Hudson and in what is now New Jersey passed
by confuest into the hands of the English. The Dutch settlement
in Delaware was destroyed after six months by the Indians,  Sgh-
sequently, the Swedes took over the inchoate title of the Duteh to
present-tay  Delaware. The Swedes later lost Delaware to the
Dutch by conquest, who in their turn were afterwards conquered
by the English.

No European Power, however, occupied and took possession of
what today constitutes the Commonwealth of Pennsylvanin, untif
Licutenant-Colonel John Printz, who was the fourth Govertior of
New Sweden, moved up Trom Delaware to Great Tinicum Istand
and there established, in. 1643, his seat of government, the first
capital placed in the territory of the present State of Pennsylvania,
He thereby hecame the first governor of the territory now known
as Pennsylvania,

That Sweden was the first European nation to possess itzelf of
what is present-day Pennsylvania was supported by the International

¥1 Bave {o thank Mr. Robort H. Kelbiy, the lesrmd
York Historical Society, for this information.
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Law of the seventeenth century, Towards the end of the sixteenth
century there grew up as a rule of international law that, in order
that a member of the family of nations could clami as its own a
newly discovered and virgin Iand, it was negessary [or that nation
to actually occupy and possess that virgin land, The act of merely
discovering and clinstening such an- unoccupied land did not give
the right of possession, The act of possession must be an actual
occupancy through the establishment of forts and settlements in
that land. Queen Elizabeth enunciated this principle clearly in
1580 in a notalile answer she made at her court to the Spanish Asi-
bassador, Mendoza?® Ir was thus recognized by England through
the lips of her sovereign, a sovereign who well knew how to main-
tain the dignity and interests of her realm abroad. That rule be-
came more and more recognized hoth by the publicists in their
writings and by the nations in their acts, and has remained 2 rule of
international law until the present day.

The sovercignty of Sweden over the land now known as Penn-
sylvania passed later by conquest to the States General of the United
Netherlands, and subsequently again by conguest to the British
erown, by whom it was afterwards granted to William Penn,

The fact that the sovereignty of Pennsylvania, alone of the orig-
inal thirteen, goes back to Sweden for its beginnng and that Printz
was the first in the line of its governors, is known to only a very few,
It would seem well then, that proper monuments to Printz and his
Swedish settlement should he erected, so that future generations
may know of the beginning of 'this province and stite. And no
plice would seem more appropriate than the ancient hall of this
venerible society of learning, the oldest existing society of learning
not only within the bounds of Penusylvania but also in all of the
new world as well, to suggest that, first a bronze tablet should be
erected in memory of Governor Printz and his capital called Nya
Giteborz on Great Tinicum Island ; and second, a bronze statue of
Governor Printz; either of life or heroic size, should be placed at
soime conspicuous place in the city of Philadelphia.

2Camden's “Annals” 1580 see tramsiation in Sir Travers Twis's
* Oipegon Queation.™



GENERAL RESULTS OF THE WORK IN ATMOSPHERIC
ELECTRICITY ABOARD THE CARNEGIE, 1900-1514.

Br L. A BAUER
(Reéad April 24, 1515)

Notable progress, it is believed, has been achieved by the de-
partment of terresirial magnetism of the Camegie Institution of
Washington during the past year in the perfection of the instri-
mental appliances For observitions in atmospherie electricity. In
various articles by Drs. Swann and Hewlett, which have appeared
in the Journal of Terrestriol Magnetion and Atmospheric Elec-
tricity, 1913-1014, new points of theory were brought out, serious
erTors in certain instruments were made known, and improved
methads and instruments were devisedd  As a result considerable
improvement has been made in the work in atmospheric electricity
aboard the Carnegie, especially on her present cruise.

It is now deemed worth while to expand the work of the depart-
ment in atmospheric electricity in two directions: (a) Continuouns
observations, by self-recording means, at the department’s labora-
tory im Washington and at such observatories elsewhere as the de-
partment may be able to establish in the near future. (&) A gen-
eral electric survey of the globe, implying observations at points
distributed over the earth's surface, somewhat az in a magnetic
survey.

Probably the late Professor Rowland was one of the first, in his
address before the Congress of Electricians, held at Paris, Septem-
ber, 1881, o point out the need in atmospheric electricity “of a
series of general and accurate experiments performed simultancously
on a portion of the earth’s surface as extended as possible.”” He
says that " the principal aim of scientific investigation is to be alle
to understand more completely the laws of nature, and we generlly
succeed in doing this by bringing together observation and theory.”

* Physical Papers of Henry A, Rowland, Balthmare, 1002 . 212 ef req,
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On FProfessor Rowland’s motion the Congress resolved “that an
international commission he charged with detemining the precise
methods of observation for atmospheric electricity, in arder 10 gen-
eralize this study on the surface of the globe.”

Uniortunately, in the past, the ohservations in atmospheric elec-
tricity have often been found to be counterfeits of nature because
of the errors inherent in the instruments and methods used. Ace
cordingly the much-desired discovery of nature’s laws by ™ brmging
together observation and theory” has not been effected in the
measure desired.  None of the proposals for a general electric sur-
vey of the earth which have been made repeatedly to learned acad-
emies, one of the last having been presented to the International
Association of Academies, has been put into effect, doubtless be-
cause of the disconraging experiences encountered.

In spite of the vast wark already done by notable investigators,
we still have no generally accepted theory of the origin of atmos
pheric electricity,

Probably one of the most important of recent contributions to
the observational data is the series of observations obtained on the
past cruises of the Galilee and the Carnegie. A report giving the
results up to the end of 1013, obtained by the department observers
and others, was prepared by Dr. Hewlett and published in the Sep-
tember, 1014, issue of Terrestrial Magnetism and Atmospheric
Electricity. The observations comprised, in addition to' the usual
meteorologicd! measurements, those of the potential gradient, at-
mospheric conductivity and radioactive content of the atmosphere.
Perhaps the most important result was a confirmation of the some-
what striking phenomenom, that while the conductivity over the
ocean is, on the average, at least as great as over land, the radio-
active content is much smaller. The values of the potential gra-
dient obtained at sea were of the same order of magnitnde as those:
on land.

Dr, Swann has just completed a report on the atmospheric-
electric observations taken during the third cruise of the Camegie
while unider the command of Mr. ], T. Ault, in 1914 The general
course of the Carnegie during this cruise was as follows: Leaving
Brooklyn on June 8, 1914, she arrived at Iiammerfest on July 3.
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Sailing again from Hammerfest on July 25 shie entered the harbor
of Revkjavik, Ieeland, an .r’mgﬁ 24, having reached the latitude of
79° 32 North, off the northwest coast of Spitzbergen. Leaving
Reykjavik on September 135, the Carnegie arrived at Greenpost,
Leng Island, on October 12, returning to Prooklyn on October 21,
1914,

The observations m 1914, comprised, in additian (o the magnetic
and meterological data, measurements of the potential-gradient, the
conductivities for the positive and negative ions, and the radioactive
content. Measurements of the lonic numbers were also made during
the paszage from Greenport, through Long Island Sound to New
York. The whole of the observations, with the exception of a few
measurements in Long Island Sound by Dr. Swann, were taken by
Observer T1. F. Johnston,

The average values of the potential-gradient, atmospheric' con-
ductivity, and radioactive content for the whole cruise Were, re
spectively, 03 valts per meter, 2.52 ¥ 10 E. S, U, and 23, the last
number being expressed in Elster and Geitel wnits. The average
valie af the earth-air current for the whole cruise was FoF K et
E. S. UL per sq. en

The atmosphetic-electric elements were measured daily hetween
the hours of 0 A, M. and 12 noon.  The observations s far as they
go indicate a general increase of the potential-gradient from sum-
mer to winter, which is in accord with land olservations for the
daily mean values. The conductivity also shows a gefieral increase
from the beginning of the cruise (June 8, 1914} to @bout the end of
September, when a maxinmm ocenrs, after which the conductivity
falls,

No miarked variation of the atmosphericelectric clements with
temperature or humidity was found, However, an indication is
shown of a variation of the conductivity with latitude; a maximum
for the latitudes involved occurring in the neighborhood of s0®
North. These conclusions with regard to the variation of the ele
ments with season, latitude, ete., must be looked upon s tentative
owing o the small number of data involved.

The conductivity appears to have an especially low value in the
neighborhood of the American coast. In Long Island Sound,
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measarements were made of the fonic numbers #, and n., and the
results indicate that the low values of the conductivity referred 1o
above are to be attributed partly to & low value of the specific
velocities of the jons (v, and 2). The mean values of v, and 2L
for observations on three days in Long Island Sound are respec-
tively 0.77 and 0.83 em. /séc. per volt per em. The average value of
n, and n_ for observations taken on three days in Long Island Sound
are 340 and 280 jons per c.c. respectively.

By miking use of the value (23) given above for the radio-
active contént, and of the empirical relation obtained by Kurz, for
the reduction of the Elster and Geitel unit to absolute value, it
tiirns out that the average radivactive content for the whole cruise
amounts to about 12 curies of radiuin emanation per cubic meter as
against 8o curies per cubic meter which is about the average value
found over land. The emanation content is thuos too small to ac-
count for the conductivity observed over the sea, which conductiv-
ity is as great or greater than that measured over land.

A criticism of the ordinary method of drawing conclusions as to
the nature of the radipactive products in the atmosphere, by com-
paring the decay curve with one obtained by a wire exposed in a
clased vessel, is given in Dr. Swann's report. The activity curves
are analvzed in the report mathematically, use being made of the
theory of radioactive disintegration, and it is found that while
some of the curves can be explained by radium emanation alone,
others require the presence of a product of longer decay period than
radium A, B or . The possibility of this extra product being =
praduct of thorium emanation, as is generally assumed to be the
case an land. 15 discussed by Dr. Swann,

An attempt o calculate the actual amount of fadium emanation
in the air directly from the theory of the Elster and Geitel method,
without assuming any empirical relation results in a much smaller
value for the radium-emandtion content than that given by the
empirical relation unléss it is assumed that the average specific
velocities of the active carriers are much smaller than ie generally
supposed.

PROC, AMEE. PHIL. soC,, LIV. 216 I, PRISTED JUNE 19, 1913



THE RIGHTS AND DUTIES OF NEUTRALIZED
TERRITORY.

By CHARLEMAGNE TOWER.
{Read April 23, mpr5)

Although the growing impaortance of the United States and their
extended influence as a world power have made the subject one of
prime interest to them in many respects herctofore, there has prob-
ably never been a time when the principle of nentrality has had for
us in America the same weighty consideration that it has nmler the
existing circumstances m the world today,

Never, probably, have the rights and duties of neutrals been so
carefully scrutinized by American public opinion, or 8o sensitively
tested by the responsible authorities of our Government. And very
justly so, because, with almast the whole of Europe inflamerd before
ws in this great war, there is scarcely a day in which some serious
question does not present itseli in the maintenance of our public
policy, some delicate situation which affects our national honor—
bath i our character of neutrals and our relations with the bel-
ligerent powers, and in their dealings with us in return.

It may be of interest, therefore, to consider one or two of the
underlying principles of the rights and duties of nentral mations;
not the less so, perhaps, because of the fact that neutrality, in its
present recopnized form, is the most recent and maost moldern of the
effective roles of international law,

Indeed; the nations of antiquity had not only no conception of
what we call neutrality, but thev had not even'a name by which to
convey our meaning of the teem,.  The Romans allusded to those not
engaged in the war as miedii, amici or pacati; and their dealings
with them were regulated, as far as we can judge, by thie feeling
that they were peaceful and friendly; at all events that they were
not openly 1o be regarded as the enemy.  Anid this appears to have
been the view of their position throughout the Middle Ages. Tt

18
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was only in the seventeenth century that the term nenfralis,—mean-
ing to the minds of the people of that day, mon hostis,—was
browght into general use by the publicists, and that since then the
condition of the neutral has been established, somewhat. artificially,
as is considered by some writers,® under the process of which the
term wentral has been extended to the flag of a mation which
chooses to take no part in the war, to its ships, its commerce and its
citizens.

From this point of view it has been declared that neutrality is
“the continuation of a_previously existing state.” That is to say:
Powers which go 10 war and become belligerents alter their condi-
tion,—whilst those which choose to be nentral remain as they were
before. Consequently, in their case, their international rights are
unchanged ; and * neotral states amd their citizens are free to o in
time of wiar between other states what they were free to do in time
of peace."™

But, under the mles of international law, the state of neutrality
carries with it certain rights and obligations which do not exist
when there is no war. It has been settled that neutral governments
may regulate the furnishing of certain articles to belligerent cruisers
that seek hospitality in their ports, though they are bound to pro-
hibit the supply of certain other articles, as, for instante, arms and
ammumition. They have the right to enforce the respect for the
nentrality of their waters, thongh they must not allow their territory
to be used for fitting out or equipping armed expeditions against
any belligerent. So also, the commerce of peutral individuals is
subject to certain restrictions, as, in the matter of contraband of
war, which do not exist In tme of peace.

But the theory of the law is that these are merely the changes
in certain details produced by common consent of the nations,—hy
the condition of wur: though the principle remains permanently
fixed, that the rghts of a neutral continie, uninterrupted, in time
of war precisely as in time of peace—his rights of trade and cam-
merce, his rights of free intercourse with either belligerent, or with
anyone else; and that every restriction upon these activities that

1 Holland, Fortniphtly Reclese, Julv, 188,
2 Lawrence, “ International Law," par. 243
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are law ful in a state of general peace must be hased upon a clear
and unyuestioned rule of international law; the burden of proof
Leing upon him who seeks to enforce the restraint.

As a general statement, the obligations of all neutral states are
the same, so also are their rights. as non-belligerevits and non-
participants in the war; they decide by their awn motion to occupy
a nentral position, aside from and between the belligerents, with all
of whom they voluntarily remain at peace. This is called " perfect
neurrudity,” and is accepted by all the powers, But there are two
classes of neutrale into which the wheole body of neutral mations is
divided, whose relations 10 the war are different in this respect:
that, one set of them abstain by their own free will from entering
the war; whilst the others are restrained from taking part in the
hostilities and are obliged to remain out of it by the conditions of
their existence.  This difference between' them marks the difference
between neutrality and neutralization; between neutral and neutral-
ized territory.  And it ¢ to this latter that [ beg leave for a moment
to direct attention.

A neutralized state, then, is one which is and must remain
neutral under all circumstances. Its independent existence rests
upon that condition. It is a state which has been constituted by
common consent of the great powers, which has received from the
powers the right to subsist, provided that it take no part whatever
in any conflict that may arise between its neighbors and shall have
no right of its own 1o take up arms except to repel attack or to
defend its territory. Thus a newtralized state is, in fact, allowed to
exist because the operative forces of self-interest of its neighbors
find sufficient benefit accruing to themselves—as, for instance, that
it Torms an intervening space between themselves and their own
powerful neighbors whose proximity threatens their peace,—to in-
thice them 1o agree to its existence. There are neutralized states,
under international law, and neutralized individuals: and this char-
acter may be extended also to zeas and waterways, to buildings,
ambulances and ships.

A distingnished authority ( Professor Halland) defines the proc-
ess of neutralization as “ the bestowing by convention of a neutral
character upon states, persons and things which might otherwise
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bear i belligerent character.” Hut, “so great a change in their
legal position cammot be mmde without the consent of all the parties
affectedd Dy at. Tt must be made as the result of international agree-
ment, in order to be valid, and must be pceepted by all the im-
portant states.™*

Neutralized states, therefore, are those which, whilst remaining
politically independent, have yielded up a part ¢f their sovereignty
s the ptice of their existence, and are dependent upoti the powers
w protect them,—thongh they do not belong to the councils of the
great powers, nor have they the dght to discuss Yuestions of policy
which may vitimately lead to the employment of force, except in
detence of their own frontiers.

The two conspicnons examples of this kind are Switzerland and
Belgium. Thecases are similar; each forms with its intervening terri-
tory a barrier between the threatened conflicts of powerful neighbors.
Switzerland, lving as it does, between Germany, Italy and Franee,
i5 50 sitnated that if the passage through its territory were open,
the Austrians might proceed freely from the valley of the Danube
to the Rhone and the Po, and menace the western boundary of
France throughout its entire length; and, indeed, that is what
happened during the French Revolution, when the neutrality of
Switzerland was disregarded and her territory invaded by all the
contending parties, whilst the French, Austrians and Russians vsed
her sail for their hostilities against each other.  Again, in 1813, the
Austrian army passed through Switzerland and crossed the Rhine
at three places, in its campaign against France,

A short time later, the perpetual neutrality of Switzerland was
recognized by the Congress of Vienna, in 1815; but, upon the re-
trn of Napoleon from Elba, the Allies called upon the Swiss Con-
federation to join in the general coalition against France, in order
to assist them in promoting the common weliare of Europe and
prevent the recstablishment of the revolutionary authority in
France. They declared that they knew the importance aitached
by Switzerland to the maintenance of the principle of her authority,
and that they did not intend to violate that principle: but with the
view of accelerating the time when it might be male permanent

* Lawrenoe, ubl supra) paragr, 245
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and advantageous, they called upon the Swiss to assume an attitude
and to take such measures as might be in proportion to the extra-
ordimary circumstances of the moment, without forming a rule in
this respect for the future.  That is to say, the allied forces claimed
the right to pass through Switzerland, recognizing her nentrality but
agreeing that if it were violated by them they should not regard
their act as'a rule in the future. [n truth, her nentrality was vio-
lated during the war by the contending parties on both sides.

But, after the reéstablishment of the general peace in Europe, a
declaration was finally made, st Paris, in 1813, which fixed the po-
litical status of the Swiss Confederation, and upon that foundation
it has rested ever since. By that declaration, hoth France on the
one side and the allies on the other, Great Britain, Austria, Prussia
and Russia, formally recognized the perpetual neutrality of Switzer-
land and guaranteed the integrity and inviolability of her territory.
They declared also that the neutrality of Switzerland, and her in-
dependence of all foreign influence, were conformable to: the true
interests of the policy of all Europe.

The situation of Belgium renders it in this respect similar geo-
graphically 1o that of Switzerlund; for it is the barrier which les
interposed. between Holland and Germany on the one side and
France on the other. and by means of its territory the boundary
lines of these great powers are separated from each other in such
a manner as to remove the menace of irritation which is always
present in Europe where the common frontier is marked by a single
line. With this barrier maintained, also, both France snd Germany
ire protected from immediate attack at several of the most vulner-
able points in the territory of each; as has been made evident by
the conflicts that have taken place between the rival powers on the
continent for hundreds of years, which have made Flanders and
the low countries the battleground of Europe.

The territory of the present kingdom of Belgium wis incor-
porated with that of Holland, in 1815, by the Congress of Vienma,
in order to form the kingdom of the Netherlands, and for the dis-
tinct purpose of plicing a barrier hetween the territories of Ger-
many and France. But, quarrels of a domestic character having
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broken out in the low countries, Belgium separated itsclf from the
kingdom of the Netherlands, in 1831, the outcome of which was
that a treaty was made, on the 10th of April, 1839, establishing
peace between Belgium, as an independent kingdom, and Holland ;
and, on the same date, in 1830, another treaty was entered into by
Great Britain, Austria, France, Prussia and Russia with the king of
the Netherlands, recognizing that the union between Holland and
Belgium, in virtue of the Treaty of 1815, is dissolved, and that Bel-
gium, which is to be composed of certain provinces specifically de
limited and set forth, shall become an independent state.®

This, then, is the origin and constitution of the kingdom of Bel-

gium as we know it today. The powers agreed that, within certain
boundary linés, it should be allowed to exist as & separate kingdom.
They went further than that, and agreed also, by Article VIL of
that Treaty, that:
We have in this a well-defined example of neutralized territory, as
we are considering it today. Belgium was granted all the privileges
of independence, with the right to make her own laws, regulate her
own domestic affairs and administer her own government ; always
provided, however, that she should maintain, in her foreign rela-
tions, the strictest neutrality toward all other states. And this, it
is believed, she has faithiully performed.

But, it will be ohserved that, whilst Belgium is thus bound to
the great powers as to her neatrality, there is no agreement for
specific performance upon their part in this respect, beyond their
ratification of the convention itself and their general undertaking
to carry out all of its provisions, in which the powers themselves:
had not entire confidence, It was evidently not regarded by them
as a sufficient safeguard in the event of war, for when Germany
and France declared war upon each other, in 1870, there was such
grave danger that hoth the independence and the neutrality of Bel-
gium would be disregarded in the course of the conflict, that it was
consiidered necessary to assure her safety by special agreement hay-
ing regard to the circumstances of that time.

* Hernslot, “ The Map of Europe by Treaty,” 11, p o84 _

* Belginm, within the limits specified, shall form an independent ainl per-

petunily neatral state. 1t shall be bonnd to oliserve sneh newtrality towards
all other states™
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Therefore, Great Britain entered into & separate treaty with
Prussia, in August, 1870, by which it was agreed that;*

“I during the hostilities the armies of France should viplate the nen-
trality of Belgium, Great Britain would be prepased to cooperate with Prussia
for the defence of the same in such manner as may be mutually agreed tipo,
employing for that purpose her naval and military forees to insure its obe
servance, sl to maintain, in conjimetion with Prussia, the independence and
nentrality of Belgium ™
And Great Britain entered into a separate treaty with France, at
the same time, making provision in the same terms for the coDpera-
tion with her for the defence of Belgium in case that Belgian ter-
ritory should be invaded by the armies of Prussia. These separate
treaties were made binding in each case upon the parties during the
continuance of the War of 1870, and for twelve months after the
ratification of the treaty of peace. Thus Belgium was protected
against invasion or disturbance during the France-Prussian War:
though since that time both her independence and her neutrality
depend upon the old agreement between the five powers, made in
1330.

But, as an old French writer has well said: “ With such neigh-
bors there is always a chance for trouble.” The unfortunate situa-
tion of Belgium leaves her always open to danger when her power-
ful neighbors begin to fight over her head. She has her defence
in the old agreement of the powers, it is true. But will that be a
sufficient defence when either or all of the powers, engaged in a
desperate conflict amongst themselves, find that their own self-inter-
est, then of prime importance to each of them, places the considern-
tion of Belgiunt in the background ? Evidently not; and in this re-
spect all the powers appeir to be alike.

For instance, Sir Edward Grey in his great speech in Parlia-
ment, on the 3d of August 1014, whilst advocating the neutrality
of Belgium in the present war, pointed to the interests of Great
Britain as the determining factor in the observance of the guarantes
entered into by the powers, in 1830 He quoted to the House the
speech which Mr. Gladstone had made in Parliament, upon the
same subject, in 1870, when he said, in regard o Belgian neu-
trality:

FHertslet, * Map of Europe,® I, p. (886

& The Times, London, August 4 1014
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*There 35, [ admit, an obligation of the treaty. It is mot necessary, nor
would time permit me to enter inta the cmplicated: guestion of the mature
of the obligation wider that treaty. But | am pot able w subscribe o the
doctrine of these who have held in this House what plainly amoants 1o the
pisertion that the simmple fact of the existence of a guarantee iz bimding on
every party to-diy irrespectively aliogether of the particolar position ih which
it may find self at the fime when the occwsion for acting en the guaruniee
ariger.  The great suthorities ypon foretgn policy 10 whom I have been accus-
tomed 1o listen, such as Lord Aberdeen and Lord Palmerston, never o my
knowlnilge took that rigid, and if 1 may venture 1o say so, that tmpracticabile
view of the guarnmes. The circumstance that there is atready an existing
guurantes in foree is, of necessity, an impartant fact, and & weighty element
ini the mse to which we are bound to give full and ample consideration.”

Sir Edward Grey ndded to this his own statement, that:

* The treaty is an old treaty—afizo. It is one of those treatics swhich are
founded not only on coosideration for Belgium which benefite under the
treaty, but in the interests of those who guarantee the nentrality of Belginm."
Unfortunately this is true. That treaty is evidently an abligation
of convenience. Germany, upon her side, took the same view.
The German Chancellor in his speech before the German Parlia-
ment alluded in this connection to * the wrong which we were doing
in marching through Belgium”  The German government declared
that “it had in view no act of hostility against Belgium.™" It ex-
pected the Belgians to maintain an attitude of friendly neutrality
toward Germany,—in return for which it undertook, at the conclu-
sion of peace, to guarantee the independence of the Belgian king-
dom in full, The Chancellor hoped that the Belgian authorities
would yield to the inevitable and * retire to Antwerp under protest.”

I do not intend to pursue this inquiry in the direction in which

it has given rise to the controversy on both sides, and possibly the
world over, as to whether the Allies were ready to pass through
Belgium if the Germans had not done so. We are concerned
mierely with the law. Of course, if Belgium had taken the slightest
step toward uniting her forces with cither of the belligerents as
against the others, she would have forfeited her attitude of new-
trality and become herseli a belligerent, subject to be treateid as an
enemy. And this would be the end of her indepenilent existence ;
for that is hased upon the neutrality which the convenience of the
great powers has determined upon as the condition precedent of
her national life,
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But, assuming that she committed no breach of neutrality,—
what rights has Belgium or Switzerland or any other neutralized
territory ? It has the right to defend jrself, as Belgium has done.
She is not obliged to defend herself, but may choose whether she
will do so or not.  For, if she yield to superior force, that can not
be looked upon as an un-neutral act; though it may place her dur-
ing the war upon the side of one of the belligerents, as is the case
of Belgium today in consequence of her defence. Suill; Belgium
had undoubtedly the right to defend her soil. The law is on her
side in that regard.

But, on the other hand, what protection has she? Evidently
nothing but the agreement under which she lives—and that depends
either upon the “ interests " of the powers who made the agreement,
as Sir Edward Grey said, or upon the convenience of respecting it,
as the advance of the German army has praved.

In the heat of a savage conflict, the reasons for the agreement
are destroyed and the agreement itself is torn to shreds; for there
is no one to enforce it, The only force thar exists is being ex-
hausted in the war. The neutralized territory has rights that are
not only recognized but alse defined by international law. It has
its guarantees as well,—equally recognized and defined, though, as
in the present case, the authority of the law is gonie, and how shall
-a method be found by which to guarantee {he guarantees?

Pruamnrna,
April 1015



THE PRONOUNS AND VERES OF SUMERIAN,
Br . DYNELEY PRINCE
(Read Apnil 23, pi5)

The pronouns of a language are relics of its earliest demonsira-
tives. The first desire of the primitive speaker must have bheen to
indicate objects. So soon as noums had evolved themselves i his
mind, the next step was the development of an abbreviated form
which could indicate substantives without repeating the noun itself,
aind these abbreviations or indicators were notlitng more than pro-
nounz. It is possible that there existed originally in primitive
speech only a single impersonal clement of this character, which
was at first used, supplemented by pestures, to indicate objects of
all three persons.  Subsequently, the same syllable may have been
tonally differentiated to indicate the 1, thou, that® idea and still
later, additional syllables were called into play to aid in differen-
tiating the first, second and third persons. It is interesting to ob-
serve that in the very evidently extreémely primitive system of
Sumerian pronouns, all the personal particlés contain the common
demonstrative element ¢, which appears most prominently mn the
third personal ene,

The object of the present paper is to present in a concise form
the results of grammatical ivestigations regarding the Sumerian
pronominal particles and also to weigh these theories and conelu-
sions from a philological point of view, especially in connection with
the incorporation of the pronominal elements in the verbal strue-
ture, It js interesting to note that the distinction between the
nearer and farther subject-object, herein noted in connection re-
spectively with the & and » particles, is a most natural linguistic
phenomenon which would have followed almost arbitrarily the evo-
lution of the general demonstrative idea.

The material used in this treatise has been 1aken partly from the

27
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new vocabularies published in Amo Poebel’s * Grammatical Texts,™
with the main conclusions of which the present writer is foreed to
disagree, s the material offered by Delitzech, Langdon and Prinece
seems to disprove Poebel's chief thesis of the hidden vowel of the
first person.

SErananLE PrRONOUNS,

Ma-e, * 1) accarding to Delitzsch, § 28=ma + demonstrative -e.
Lungdon, p. 102, thinks that md-+ was pronounced mi, as he reganis
g-¢ a5 a diphthong, indicating an Umdaut.  This 1s possible. espe-
cially as the writing me-a=anakn, 'l also occurs. The pronun-
ciation was more likely md thant md. The form mi-¢ was invari-
ably used for the statur rectus; note that in such cases as IV, R. 17,
=41, atib-¢ tl-tin-S-in-gi-en = {adi Epuranni, ‘be has semt we,’
the mi-e is really a status rectus in prolepsis and not an accusative,
which would be regularly represented by the obligite ma (see just
below). It is interesting to notice that Delitzsch gives mie-¢ in-
stead of md-¢ as the usual form, which is again an indication that
mid-¢ was not pronounced in two syllables, but really indicated an
Umlaue.  Delitzsch is, therefore, probably right in supposing that’
the writing md-¢ really indicated original ma, the element of the
first person, -+ the indicative ¢, All authorities are agreed that a-e
may represent € or & (cf. Delitzsch, § 18h).

The oblique form of ma-¢ is generally ma, as Pochel ; gen, ma-g-
(k) ; ef. ma-a-kam, ‘it is mine,' Poebel, p. 43 ma-a-ge-ei ge-ti—
aisumia libluf, * for my sake may he live.! The Dative is regular:
ma-a-ra, ma-ra, ma-a-gr (passim). In the locative, Poebel finils

! The following abbreviations have Leen wiedt AJSL: “ American Jour-
nal of Semitic Languages *; ASKT. = Paul Hanpt, * Akkadizche wnd Susmer-
ische Kelschriftteste”; Br.=R. Brimow, " Classified List of Cunciform
Ideograms,” Leyden, 1887; Del = Delitesch: Friedrich Delitzsch, * Sumrr-
ssche Grammatik,” Leipzig: 1014: EK. = Emc-ku dialect: ES. = Emi-ml dia-
lect: HT = ASKT.: JRAS. XVIL =" Journal of the Royal Asiatic Society,”
juoted Poebel, pp 63 fF; Lanpdon= Stephen Henry  Langdon, '™ Symerian
Grammar," Paris. 1g11; MSI —J. D. Prince, ¥ Materials for 3 Sumerian
Lexicon” Leipeig, 1p08: P.= Pochel: Amo Pocbel, * Grammatical Testtn"
Philadelphia, 1914: P. AD, 5403: quoted; Poehel, pp. 62-63; P, 142: quoted,

Poehel, pp. 37 /7 PSBA.=" Proceedings of the Socicty of Biblleal Archacols
ogy " : Sfg. = Paul Haupt, " Sumertsche Familicngosetge ™
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ma-g, "on me’ (not in Delitzsch). The regular accusative is also
a-d.

Pocbel (p, 42) gives mu-me-en as the full separate form of
mu-¢, which clearly contains the first personal element mi{u) -+ nie-
e of the verh fto be'="it is I who am" (cf. 52 me-ne, * we').

The regular suffix of the first person is -mu, not to be confused
with the third personal -mu referred 1o below. It is now practically
establisheil that the first and second persons suffered a change of
yowel in the obligue relation, and that the -mu in such cases became
-} as e-ma, ' in my temple ' s wru-ma, ' in my city '3 lugal-ma, * for
my king,' ete. The difficulty in establishing any definite rule in this
connection lies in the fact that Both mu and ma appear indiscrim-
inately for both stofus rectus and oblique (see both Langdon and
Delitzsch for numerous examples). The probability is that the
ariginal usage of the earlier language was mu for rectus and ma for
oblique, but, even in the early documents, we find the confusion of
forms so evident, as to make it impossible to come to a definite con-
clusion, The former theory that -ma was the ES. form for EK.
mu is undoubtedly incorrect. On -ni==1 p. suffix, cf. below, s.. e-ne,
* he, she, it

Za-¢, “thou, according to Delitzsch, § 20=2a -+ demonstrative
e, as in the case of mit-¢,' 1] Similarly Langdon, p. 102, thinks that
sa-¢ represented =, but this, like md-e=mb, was probably pro-
nounced sé. (6=g-¢). Za-¢, like md-¢, was the invariable form of
the status rectus,  Insuch phrases as kit amdtha=za-¢ e-nim -2u,
“thy word,' kitu is really the separable pronoun in nominative ap-
position. Cf. the remarks above on mi-c==iadi. Note that the
-second personal pronoun is also given as ze, in se-me, *thow art”
( passim) and occasionally zi-me, Br., 3387.

The oblique of za-¢ is generally za; note Poebel : gen. za-a(k),
sa-o-a(k); se-g-ge; dat. sa-rd, sa-ar; Sg-a-iu (gu), ‘unto thee'
‘and pure locative za-a, ‘on thee’ ( Pochel), a cas¢ not in Delitzsch.
The oblique =za is always used with the postposition as so-da, " with
thee, from thee,' etc.

Poebel gives also the separable ze-me-en, corresponding to mu-
me-en, *1° (see, however, . Za-e-Mie=eH, 530 the second person
plural),
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The regular sufiix of the secoml person is -z, with usually ob-
lique -za, as in the case of -me, -ma (see just above), But here
‘also -zu is found as both recfus and oblique, although -z0 seems to
have been the original oblique form. Cf. md-¢ eri-za, *1 am thy
servant ' (-za for -=zu, L., § 158) ; ga-su-tfa, * at thy command * (proh-
ably should be ga-za-fa, ete.). It is not possible to predicate a regu-
lar usage for -zu ; -za.

E-ne, ‘he, she, it"; according to Delitzsch, § 30==demonstrative
¢ -+ demonstrative we=n¢, "this.' This is clearly the same we,
seen in the plural of nouns and verbs. Langdon (p. 107} thinks
that e-ne=7a reduplicated ni with apocope of the first n; & ¢, a sort
of plural form. This idea has little foundation, as the demonstra-
tive r-element 15 well established in other forms (as, for ex., wub-e;
za-¢, lugal-e, the king, ete ) Poebel gives no separate fonmn for e-ne,
the probability being that e-ne itself served as such. There is no
distinct oblique form of ene which is declined like a noun: gen.
e-ne-ge ( KIT) ; dat. e-me-ra, e-ne-ir: loc. e-ne-a, * upon im’ { Poebel ).

The suffix of the third person has a twofold aspeet; viz, 1)
-(a)-ni and -ni, the former being rarer in o¢currence than the latter;
the obliqgue of this form is:-na; and 2) -(a)-bi and -bi, the former
being rarer than the latter; the oblique form of thisis -ba { Delitzsch,
§ 37). The same confusion of usage is seen here as that between
=i, -pia and -zu, -za, fully pointed out by Delitzsch, § 38; ki-ba, *in
its place* ; Su-na, * into his hand,’ regularly oblique, but a-no = obuin,
*his father' (for g-uz) and dam &3-ga-u-ni, * the man of his heart,
instead of -a-ne, ete.  As to the meaning of the -n- and -b- suffixes,
Langdon (p. 105) believed that -m, -wa as hoth noun suffixes and
verbal elements, originally denated animate beings, while <bi, -ba in=
dicated inanimates, but the logical comtinuance of this theory is not
borne out by the facts.  We may note that in one of Langdon's own
examples bi-e-nad-di-en, ‘he slumbers.! bi-, here as verbal prefix,
represents an animite subject (cf. my review, AJSL. XX VIIL p. 73).
Note also HT., p. 76, 1 and 9 su-mu-ug-ga-ni and su-mu-swg-gu-bi,
‘his suffering,’ in both cases animate, Delitzsch, § 40, also gives
many examples: The suffix -ni is used for the first person in Br.,
3334 rde tum-g-ni=ublim  péniva) wd fur-ra-wi-to =ulte Gm
cigriku, "from the days of my youth'; lal-g-wi=candaku. '1 am
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yoked! The only possible explanation is that the translator tlelib-
erately transferred the persons. The possibility that the -#- and
- elements were originally used to denote the remate and nearer
subject ot object respectively, has already been pointed out by
Thurean-Dingin, ZA. XX, pp. 380-403, and fully discussed by
Poebel (ZA. XXL, pp. 218-=230; Prince, AJSL., pp. 3064-363).
This theary, although not yet capable of entirely satisfactory dem-
onstration, lends itself more readily to credence than the animate-
inanimate idea, In the later language, which represents-a period of
grammatical decay, the n and b-suffixes appear to be used arbitrarily.
1t is probable, however, that in the earlier phases of Sumerian, these
endings must have had the farce of remote and nearer demonstri-
tives respectively.

Me-ue, me-en-ne, *we!  Poebel gives me-en-de, me-de, me-ah-
di-en, which, however, should be read me-en-ne, me-nr, e-Cn-nE-en.
He nses the d-element, lecause he finds the oblique form me-gn-da-
na, ' without us® (p. 47) and also wam-do-me-en-da-na, * without
s viz., mam negative - prep. ~da + first person plural me-en +
prep. da repeated - -na, probably negative, repeated.  Poebel’s own
form me-da-nu (p. 34, line 34), * without us” clearly shows that the
mie-en in these me-en-da-forms is the me-en of the first person.
Thus, me-en-da-nu = men first person - prep. da + negative n.
A form me-en-de eliminates the evident combination of me=first
persan -+ plural -ne.  Similarly, Pachel's separate forms me-de-en-
de and me-de-en-de-en must be read me-nc-en-pe and mé-ne-ei-nes
¢it, vespectively ; mie-en-ne=="we ' en, clement of the verb to be;
it it iz we who are” (cf: m-mie-n, 5% wtd-e abiove).

According ta Delitzsch, -me-ne, ete.==ma - ene, *1 and he,' a
sort of exclisive "we.” Bul if this were the case, we should expect
1o find also an inclusive *we'="1 and thou,” which would have the
form me-en-zi-en (or me-z¢), but this form actually eocurs with the
equition aftuny * you," phiral (just below). It is much more likely
to suppose that me-en-re, Me-en-He-en fepresent a pure plural of the
first personal mé(n) 3 doe, md(0) - ne or ne-ne - the verbal -en,
whn ilie formi ends fn -n. The pluralizing of the first person
singular occurs for example in Central American Tule an-mals—=on
‘1" 4 the collective -malo. Indeed, the form men-men is actually
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a reduplication of the first personal singulor = me- -+ verbal -n.
We find the reduplicated suffix -mu-mu “our” (see below), which
confirms this view.

Me-en-ne declines regularly, although no genitive has heen found
as yet; probably =me-en-ne-ge (K17); dat. me-gi-ne-ra, me-en-
ne-fr; loc. me-en-ne-g, these last two cases being given by Poebel,

The suffix of the first person plural appears as 1) -mw-mu, Lang-
don, p. 100, m. 1, although this is rare: 2) Clay, Miscellaneéous
Tablets, has found: dumy-mu-mes "our child,' a direct plural of
-miti; 3) as -men : en-men “our lord,! Langdon, p. 103 ( Delitzsch,
§ 33, gives -men as frequent in this sense) ; 4) the common suffix is
e ad-da-me ' our father’; amaane * our mother ' : bi-me-ta = ittini
‘with us’ ete. The curious form ki-me-ne-ne=ittiinn *with
them,” Delitzsch, § 43, probably was wrongly translated and means
fwith us' s ioe., ki C with’ 4 me-ne-ne, a pluralized form of the usial
-me.  There seems to be no distinction in these suffixes between
rectus and oblique.  This is clearly indicated by the series of suffixes
AN-HE-CH, EN-NE-CH, IN-NE-eN, me-en-ne-en, un-ne-en, all which are
used for the first person plural (MSL, p, xxii, §3) and are not
henorifics as [ thought (AJSL., XXVIIL, p, 73)- These are merely
plural first personal suffixes with possible connecters (ef. just helow
s, me-en-gi-en).  The -men element which appears in all of them
must represent -mue-m,

Me-en-zi-en = attitmi ' you " (given by all sources) and alss si-ne
‘you," a real plural of the second personal element i (ze=2za-¢),
Langdon, p. tog. Note the parallel me-ne *we! 1 view of the
fact than za-e-me-en also=attinu, V. R. 21, 1 B. rev. 3, clearly=
su-¢ - mon="thou and 1.’ it is probable that me-ru-zi-en also—"*1
and thou' (me; ‘T' -+ verbal =i -k zi(ze), "thou- verbal -en).
Bat this za-c-me-#n is equivalent 16 Pocbel's full form of sa-e (see
abave sv. se-¢), It is impossible that sa-e-me-en could have Leen
a second personal singular separate form and at the same time a
secontd person plural! 1f it were really used in both senses there
must have been a different tone for each usage of men = respectively
the verb “to be’ and the first person.  Note that the odd reading
Nl-e-me-en, HT. 139, §7, elearly—=za(l)-e-me-cn.

OFf sne-en-zi-en no genitive has been discovered. but it probably
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was me-te-si-en-ge (KIT); dat. me-en-gi-en—ra and za-ro-gn-si-en
(!); loc. fo-g-om-mi-en. In these two latter forms, we have a re-
duplication of the second person; i. ¢, =za--dat. -re -+ verbal
{@)n—+ the second personal =i with verbal en—=2arenzen and 2g-a
loc. + (@) m=second person + =i with verbal en= siinzén,

The suffix of the second plural is -su-ne, as mu-lu-zu-ne, * your
lord," Langdon, p. 104. Note that in Delitzsch, “ Sumerisch-Akko-
disch-Hettitische Vokabularfragmente,” p. 19, the form d-su-fi-ne-
a-df = ana iitikunu, ' for your wage '=the suffix -zn-ne, with infixed
preposition: 3w (w0) -+ directive o-d5, an unnsual and interesting
example of infixation. The suffix su-ne-ne often occurs, Delitzsch,
§ 42 w-gu-su-ne-ne = elibunu, * upon vou'; nam-en-un-un-zu-ne-ne
= macartikunu, etc. Here we have plainly the pure plural of the
second personal element and noindication of * thou and 1.

As in the case of the first person plural, there seems to be no
distinction between rectus and obligue. This is indieated by the
series of suffixes similar to those just cited in connection with the
first person plural; -ab-ci-en, -an-ci-en, -en-ci-en, -ih-ci-en, -ib-ci-en,
TH-Ci-e, ~mie-Ci-en, -me-en-ci-en and -un-ci-en.  The forms -me-ci-en
and -me-en-ci-en ‘may contain an ' and thou' element. These all
represent the second personal suffix with possible connecters,

E-ne-ne-ne, " they '; according 1o Delitasch, §32; ene—+ enene, ‘he
and they,” but this form s more likely to be ene, * he, she, it" -+ the
reduplicated plural element -ne, as i the case of me-ne and -au-ne-
ne, cited above. The short form e-ne-ne i dlso commen, Poehel
gives e-ne-we-ne as the full separate form, but without sufficient
foundation, as either e-ne-me or e-me-ne-ne might have served in
this capacity, as in the case of the singular e-ne.

The third person declines regularly ; gen. e-ne-ne-ge(xit) ; dat.
e-ne-ni-ra, e-ne-ne-ir; loc, e-ne-ne-u,

The third plural suffix, as in the case of the third person singular,
18 twofold; 1) (a)-me-ne, the a not being always present, in fact it is
usually part of the prolonged root, as dug-ga-nene, 1t appears regu-
larly fu-ne-ne, ' their hand '; gir-ne-ne, *their foot; ki-ne-ne-ta—=
thtisunn, "with them® (on ki-me-ne-ne=ithiunn, Delitzsch, § 43,
see above s me-en-ne). 2) The endings with the b-element:
bi-c-ne-ne, bi-e-ne, Delitzsch, § 43: be-me-ne, Langdon, p. 108, and

PROCAMER PHil. 0 LIV, 216 C priwren JUURE 2 gl
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be-ne, Langdon, p. 108, are also common: sib-bi-ne, ‘their shep-
herd *: mug-bi-ne-ne=clifunu (Langdon. p. 108). The distinction
hetween remote and nearer subject and object, respectively -me-se
and -Di-ne, is no more logically carried owt in the later language than
in the case of -ni, -hi of the third person singular (g2}, but their
original remote and nearer force scems just as probable.

The third person plural possessive is irequently expressed by the
singular suffixes of the third person: -ni, -bi, & phenomenon which

Tase oy Proxorss

1 Thou He She. i
Nom, g Separate: mu-we-in .:n-(f prﬁ.m!t: T B .
min-a-{k) it e
Gen. | sna-a-ge s-a-al(k)
wikh-d=r A= _
Dat. { mo-ro { a-rad f-ne-ra
W= SE-F
£a-0 [ T
loc. wmoa { (2a~a-di, ' to thes")
SUFIRES SUFFIXES 5};111‘[:‘!3
ey (aY=ni, «nit
Rectt® =nd i { Eru =ni; 'ﬁ“
" J a)=bi, =k?
'l]hhqm_.: o =i | =i, ~ba
(-ni yery rare amd ~min®
probably an error)
e You They
~ < £ Lttt Ty
Nome  sie-iid, me-cn-Re, Messneneen mr-fn—:tﬂ { b
Getl, “mie-cr-ne-ge *mi=rn=Ci-ti-ge =ittt
Dt { L b Ol { me-en-Si-cn-ra F-ne-ne=ril
BiE-rH-He-Ir L e Fem=ne-ir
Loc.  me-suif-it F-g-dit-i-in c-nesne-d
Syrevrxest i Surrixes? Surrrxes?
Same=en ~Zu-ne ~{a)-ne-ne, -ne-ne
TH=HE=-NT
~IIE=N BT T
-inu-nu'.i} Fare re-nie-ng, e
COXNECTING SUFFIXES Coxxwring Surrixes
AW=HE=-Cn, En-Re-em, ab-ci-en, an-ci-en,
THRE-F1, IRE=ET-NE-EN, eh=pi-en, thegi-en,
wii-ne-u ibeci-em, im-gi=tn,
ME-pi-2n, mespn-risen,
WH=ci=r R

£ Conifusedl usage.

i Np distinction bhetween rectns aml oblique.

+ Probable distinetion between nearer and farther yubject and ohject.
s Tised only with participles, so far as is known. See below.
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is seen in other languages, as, for example, in Central American
‘Tule, where 'ti, f'ti can indicate both *he, she, it” and also ' they "
{ Prince, Amer, Anthropologist, XV, p. 484; the a'ti, 't -element
may be pluralized by the collective suffixx -male, which, however, i3
aften omitted ),

I1.

SeaeriAx Vixn with Proxouss, witn Rerestxces o Forrow-
1% COMMENTARY,
-Tee

GA-CLASS ¢ ga-mui-ra-ab-dim = lu-bu-ga-ku-um, * T will (let me)
make for thee,' P, No. 142, tev, 2, 10,

Mu-CLASS : mu-mt-ra-te-ma-dé{ ne)-en =mw-la ¢-te-vi-a-kim, “1
shall not go to thee, P, AO. 5403, 6. xu-mu-ro-ab-ga(r), ‘1 gave
thee as a present,’ P, p. 103.

M -cLAsS : mi-mi-mar-em, * 1 made thee great therein (for it))
P, p. 112

I-Hiu

Ga-cLAsS ; ga-an-na-dim=={u-bu-s1-1em, * T will make it for him,"
P., No, 142 e, 2, 15,

Mu-crass: sue-mu-na-du, " 1 built for him/' P, p 102 tin-no-
du, *1 built for him,” P, po 102, en-ni-ni-mis = le-do-ti-ir, 1
will incréase for him' (or) * therew” P, p. 102

MI-CLASS: mi-ni-i = a-na-ku Fu-a-ti Su-c-ti, ‘1 it Tor him, P\
JRAS, XVIL, 65, 4, 23, mtirsi-du=al-bi-in, *1 moulded it for
him' {or) ‘therein P., p. 102. au-mi-ni-in-tar=—= Lu-tem-nmri-su,
1 supported it,' P, p. 102,

NE-cLAss : fie-gh-a, * | restored it (Clay).”

Ba-cuass: ha-a=a-na-ku du-a-ti( - -ti; probably =Jduati fuati),
P. JRAS,, XVIL, p. 65; 4, 10. ba-ni-i=a-na-kn iwa-ti Fu-a-ti, ']
it for him," P. JRAS, XVIL, p. 65, 4, 28 (also Da=ni-¢ ditto). bua-
an-na-te-en e-te-xi-fwm, * 1 went to him," P AQ,, 3403, 8.

Br-crass: b= ssa-ku du-a-ti, * 1 it {or) him,' P. JRAS,, XVIL,
p. 63, 4, 13- bi-i=q-no-ku Ju-s-fi, ‘T3t (or) him' P. JRAS.,
XVIL, p. b5, 4, 14,

1(X)-CLASS s i-tti-d=a-na-kn dw-o-t Fu-a-ti, “T it for him,' P.
JRAS,, XVIL, p. 63, 4, 22. in-na-ni-l = a-no-ku ju-a-h Jua-ti m
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a-na-ku Fo-a-fum, * 1 it for him and 1 to him it,! P. JRAS, XVIL,
p- 65, 4, 30.
I-Hium
sag-nim-ma i-ni-in-ga = ma-gi-ir-tam ak-bi-fum, ' 1 spake favor-
ably to him,” P. No. 142, rev. 3, 21,  in-na-te-en= e-il-xi-ium, * 1
have gune to him," P. AO. 35403, 2.
Ist-crass: d-gul im=mo-an-md-mid, ‘| asked him,' . p. 102
Taou-Me
Ma-ciass: nape-ma-te-nmd-dé (ne)-en=la ta-fe-xi-a-am, " do not
come to me,' P. AD, 5403, 5.
MU-CLASS = nont-ti-tin-ro-xa-on = la ti-te-bi-da-(an-ni), ‘mayst
thou not be lost to me,’ P. No. 132, rev. 3, 8
Taou-Him
PosTrosITIVE CLASS: dim-{ ma)-na-ab=— e-bu-su-um, ' make for
him,' P. No. 142, rev, 2, 14. gur-on-Fi-ib, " turn to him,' P. No. 142,
rev. 2, 16, te-g-no==fe-vi-fum, ‘go to him,' P. AO. 5403, 1. no-
an-na-te=ma-dé (ne Y= = (layte-te={ xi) =3u-um, * do not go to him,’
P. AQ. 3403, 4-
Mi-CLASS: mi-ni-c = at-fa Fu-a-ti- Sn-a-i, * thou it it,’ P. JRAS,
XVIL p. 65, 4, 25-
Ba-cLAsS: bace=—of-da-kn (sic 1) fu-o-ti, "thou it P, JTRAS,
XVIL p. 65, 4, 20.
Br-cruass: bi-nE=at-ta Fu-a-ti, ‘thou it P. JRAS. XVIL p.
Gs, 15, bi-e=—at-ta fu-a-ti, " thou it P. JRAS. XVIL p. 65, 16,
l(%)-crAss; i-ni-e=af-to Ju-g-fi Sn-a-ti, ‘thou it it* or "it
for him,' P. JRAS. XVIL p. 65, 4, 24. in-sa-ni-c—at-ta Jua-ti ju-
a-ti, " thow it for him," . JRAS. XVIL p. 65, 4, 32. in-na-te-e-en—
' te-if-xi-Fum, ' thou hast gone to him,” P, ADQ, 3403, 9, also *go to
him,’ ditto, 2. in-da-mi-e-on = ta-3a-( ka)-af-( 3u)-mu, " thou shalt
place it upon him," P. AO. 5403, 10.
He-Mez
Ma-crass: ma-gn-si= i-din-nam, "he gave it to me,” P, p. 1100
igi . .. ma-ni-in-du=a, * when he looked upon me,” P. p. 104, igi
. mu=fi-in-bar-ra, “when he looked upon me, I\ p. 102; ma-o-
ar ma-im-du-ga, " when he commanded me,” P, p. 104, ma-ra ma-
mt-du-gra, * when (1o luild) she ordered me, P. . 105, 3a-ma-ab-
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dim-¢=li-bu-fa-am, * may he make for me,’ . No. 142, rev, 2, 22,

Mu-crass: mu-ub-dim-e= i-bu( pi}=fu-am, *he made for me';
P. p. 57, rev. 3, 19, renders ‘makes'( 2).  wi-mu-ub-dim-e=u-lo
i-bu-fa-am, * he diid not make for me,' P, No, 142, rev. 3,20, sag-
~fHint-ma mU--00 == ma-gi-ir-tam._ik-bi-a-om, " he spoke Javorably
to me, P. No. 142, rev. 3, 21 say-ki . . . mu-fi-in-bar, *he looked
on me, P p 105 mu-na-an-si, ' he has given to me.” P, p. 110,
nam mu-un-far, “he determined fate for me,” I. p. 105

Mi-ctass: nam-mu mi-ni-in-tor-ra, “after he had determined
fate for me,” P p. 105.

He-Him

Mu-crass: mu-na-ni-in-gi-gi, ‘he replied to me,” P. p. 93 w

. wi-no-an-si-ma-ta, * after he had given to him,” P. p. 105, mu-
na-ni-in-du, * he had built for him therein,' P. p. 105,  mi-na-an-ji-
in-gar, * he made it for him," ¥, p. 106.

Mi-CLASS: Mi-nmi-in = o=t fu-o-ti Sw-o-ti, *it for him,' P, JRAS.
XVIL 63, 4, 27, mi-ni-in-tar-ra, ' when he had determined it for
him (it),” P. p. 112,

Ba-CLASS: Bo-om = fu-w $u-g-ti, * he it,” P. JRAS, XVIL p. 65, 4,
21, Da-an-ni-te = i-fe-ri-fem, " he went to him,' B, AO. 3403, 7.

Br-cLass: bi-in=3du-u fu-g-fi, ‘he it,) P. JRAS. XVIL p. 635,
4, 17-18. Ju-ni bi-in-si-a, *after he had placed it in his hand,” I, p.
105.

In-crass: ib-ri-tuk, * he shall receive for it.' (Clay).

[N 1-CLASS? f-mi-fn=Ju-n Ju-a-fi, ‘he it it,! P. JRAS. XVIL p.
63, 4, 26.  in-na-ab-si-mu = in-no-din-iu, “he shall give it to him,’
P. p. 94 in-na-ab-gi-gi —ip-pa-aliv, ‘he shall answer it to him,"
P. p. g in-no-abogur-ri=vw-fa-ar-u, ‘he shall return it to him,’
P.p.og. *

Tuey-Me

Mur-grazs: su-mu-H-pn-bar-ri-ed = ira-fp-ffn~af-:u-!tm. *they have
looked upon me, P. o 104, sag-e-eF ru-mi-PA-TUGDU-0E, ' they
have given it 1o me as a gift,' P p. 103

Ri-CLASS : Ji-pisi-F)  bi-in-si-¢i-0, ' when they gave it into my
hands,” P, p. 104,
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Tuex-Tuee
PRECATIVE CLASS: KA s0-rg-ab-Su-fa-gi-ne = lH-{E-te-pmi-ga-kiom,
“may show reverence unto thee,' P p. 110

Tuev-Hiy

PRECATIVE CLASS: vee-en-nu-ab-dim-r-ne = li-bu-Fu-Fum, ‘may
they make for him.' I, No. 142, rev. 2, 17.

Mu-crass: mu-uwn-ni-in-Pa-TUG-0U-a, ‘when they had given to
heras agft' P, p. 112 tita- M-S T-ati= 052 = f-di-nni-sum, * when
they had given it or gave it to him," P, p, 104.  mu-na-an-gi-ni-ei-a
= u-ki-in-nti-dumi, ' when they had made secure for him.! P. p. 104

HN)-crass: in-na-ab-ka-la-gi-ne = u-dan-ni-nu-sum, * they shall
pay him,' P. p, 104 no-an-na-ob-dim-c-nwe =g i-pi-2u-dum, ‘may
they not make for him,' P. No, 142, rev. 2. 18,

CosMENTARY,

toBa- "1 (s 1-tie) ; of, alsio IV, B. 14 oby. 20 at i-bivgar-ra o=
ih-dur-ru=inn tibulti bicdd, *1 will mvite (them) to 3 feast®: probably
first person, but the text is broken,

2. Ba-"thou' (s.v. THOU-TIM) | not an ancomymon usage.  CF AJSL XX,
§205 VL R 17 a5 ; i IV, B 30 nr 3 rov. 15 there aceurs o serivs of
bit——ne forms all—=2 p, It is possible that the Assyrian seribe chaneed
them from a 3 3 which perlisps was used for a general “you" like German
mith; Freteh on.

3: Ma-, " third person ' (oo HE-31M) 1 ocoirs fogsing

4 8= 1" fer rmm) 5 an unusual prefix in this sense

5 Bi-, "thou® (33 vvov-nim) ; an unusual prefix in this sense.  Mi-. as
a profiz, is anuswil in any cuse, even as the third person, as it is a common
third persoual i fir.

6 8= o0 o oords “they® (an. TREY-3E) 1 Dot commion, nlthough, if b= i5
used in the singular 3 p, ¥ & nataral to find bi-, . . . 2 for the plural.

7. Gas, "1 (a2, THEE; 1miM) § a4 very common first personal prefix,
probalily from the cobortatlve ga: b fuet, e was really coliortative origi-
nally, although it s frequently used in the semae *1 will® Ci. Del. §s7,
and AJSL. XIX. §z3. It also =1 p.in HT. 119, obv. 22: ga-fn ga-niclur-cn
= alkawy | willikin, *comie leb 45 go’ Note tmt is 1 p. plural here. On fhe
other land, go- is used for the 2 p. IV, B 11, 43 bs em-swm guenc-iuid (xw)
=aud widccarli WD, “thou shalt sit in the watch 'y cf. A8 134, abs. 1
an-sud wd-ag bil-gim sar-ki-la sa-r H-in-ga-nie-en bl = nie Jomd fa Bimg
Ehdtimm dwe madbine wapaoad aftima, ' the light of the heaven which tike Fee In the
lanel shines art thon, fire' Ga- also may be used for the 3 py V. R,
sg-200 b mueud-bu-pi avug-ga-no-to a-an gosmueri-a-bi=ing wmitn clfiti
wrinam fesnse, " what has he planned with his Lrilliang erre’

&dm- 17 (s s el alse IV BG40 b ddeia Tn=eini=gy=ri, * 1
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pinced it at the hottom,” bt ased with 3 preceding mid-¢, *L'  Im= Bowever,
can moean *thou 3 T BL a6, 16 e: ¢ [A-51) fm-si-an-Ied-ded = fanaret,
“thoy weepest' Jm- I8 very commot &5 i third personal prefx. _

g fne, *1' (s r-mim). Very .rare. Pochel's examples are the best
Instances of this nse

10, Ju-, ‘thon* (o, Tuov-mu) IV, R 7, 30 a: TR T e
sa-¢ imi-esu=la andbu idd uita Hdi, “what T know thou shait foow*
(=" {ur me = -ma--2); ci. AJSL. XIX, §8 [In-is commonly used with
the third pérson.

1r. fos o oo=ne, “they!' (oo, THEV-HIN) G 2 logical third person plural,

2 Mo-, 'me to me® (a0 HeE-mE); for this usage Poaehdl's examples are
best  Note also mg-an-ge = iddinfu, *he gave it to him" with the third per-
son, Br. 4418

t1 Mi- 1" (5% 3-ruee).  Pocbel's example is the aaly one known 1o me

14 Mi-, ‘me’ (g0, we-ur; HE-niM ). Note that the nine- here =" me"
Mi 75 most common with the third personal sense, Br, p. 330

£5, Mi-, “thou' (sv tiov-und) § ef. also IV, R. 24, nr. 3, =7 ¢ hil-tul-af
striati-in=Fid = fikini7 samnn, * thow regardess it as a roin,’ but points hack lo
a2 ==n in line 3

16, Afa-, "1’ (£, STHEES 1-507M ) 1 very cominon use (sed AJSL XIX,
g3,

17, M-, * thou" (s2 THoU-ME) ; only in Poebel, so far as [ have met ik

18 M-, "he® (xp. mE-ME: we-nin) ; pasnim; AJSL XIX, pp 7218

10, Mu= o o =cd, “they" (70 TEEV-ME) & watursl plural of mu-, Yhe!
Note mu- . . . -d, the same ploral, a8 wa- . . el with vowel harmony;
wi for ek

I11.

Axarvsis oF MATERIAL

The prefixes, infixes anid suffixes shown by the above table may
be grouped alphabetically as follows:
an-gi-ib, *(turn thon) it to him'= ib.
bia-=1, 2 and 3 p, subject.
ba-un-, “he it
ba-an-na-, * he it: he for him.'

Fi-=1, 2 and 3 p. subject,

bi- . . . -ei=3 pl, subject.

ga-=1 p. sulject.

gq-mw:z:l posubject s ' 1owill! )
en= . . . se-mg= 3. pl. precative subject.

f-=1 p. subject ; cf. i-ni-in,

illy-=3 p. subject.

ini-==1, 2 and 3 p: subject.
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e=ni-in- ‘T to him.' ,

in-=1, 2 and 3 p. subject.

in-na-, I to { for) him.*

oi-na-ab-, 'he (they) to him,

ma-=2 p. subject ; 3 p, subject: ' he to me.’

ma-ab-, * he it for me.

ma-an-, “she (he) . . . me" (ace).

ta-ni-pi-, ‘he upon me.'

mi-=1, 2 and 3 p. subject.

mi-nii, * I thee therein: 1 it for him; he it for me.”

mu-=1, 2 and 3 p. subject. Note also the following:

Mu- . . . -#i=3 p. subject,

mi-na-an-, "he 1o (for) him; he it to me; they it for (1o) him.

mu-sa-ni-in-, * he it for me.

mp-pi-, * 1 For him.'

mu-fi-in-, ‘he for me.'

mn-un-, “he for (to) me.

mu-wn-ni-in-, * they it for (to) her (him).

=na-, " for (w) him.

-ta-abs, 'it for (to) him.*

-ni-i-, ‘for him'; mi-ni-i-, *T for him: thou for him*
it for kim " -mi-i, " 1 it for him.'

-ri-, "to thee.

-ra-af-, " it for thee; .

Analyzing the above elements stlil further, we observe that the
first persanal subject may be denoted by: ba-; ga-; ga-mu=; jm: jn-;
b= M= Ak,

The second personal subject may be denoted by: ba-; bi-; in-;:
Ma-owmi- - mi—ek (pl,).

The third personal subject may be denoted by : ba-; bi-¢f (3pl);
FCB) =3 0= ma-; mii-; miu-.

In other words ba-, im-, in-, wi-, anud niki-, may
and 3 persons indiseriminately, and that ma-
while ga- is almost always used for the 1 p.

Nor is the problem made easicr by the tabulation of the L, 2 and
3 personal objeetive infixes; viz., 1 p. object: ma-, *he 1o me ' : ma-
ab-, “he it for me’; ma-gn-, *she (he) . . . me* (ace.) ; maswi-in-,

o e |

mdicate the 1, 2
=2 and 3 persons,
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*be upon me’; mi-ni-, *he it for me’; muy-na-on-, “he it for me";
mu-di-in-, *he upon me"; mu-ub-, ‘he for me”; mu-un-, “he for
(to) me.

The second personal object shows: mu-wi-, ‘1 thee therein,” but
consistently -ra-, " to thee ; thee " <ra-al-, "it for thee.

The third personal object is seen in bu-an-, “he it"; ba-wi-na, *he
it: he it for him'; in-na, ‘1 to him"; mu-na-an-, *he to (for) him;
they it for him"; uib-si-ni-in-, "they it for her (him)." The ele-
ment -sa clearly ='to him," as wa-ah="it for him"; -mi-i-, " for
him,’ as be-ni-i, ' 1 it for am’; i-ni-i, * 1 it for him*; mei-ni-i=, * 1 for
tim : thou for him.*

We find in these forms the duplicate mi-ni-=, I thee therein '
and 1 for him'=1 and 3 object; mut-un-, * he for me," but mu-na-
an-, * he it for me*and * he it for him.'

Pocbel's table of pronominal elements as used by the verb (p.
45) is most ingenious, but not satisfactory, as will be shown, His
classification iz as follows:

lafxed, Encling, Abmalurs Suifix,
1P » M wy {dy¢ und end e
am v z = (and on) N
4 B n " ¢ [4
Collective b b

Thiz he has elaborated from his Paradigms. (pp. 70 ff}; thus:
ni-la=en, ' 1 pay *; n is preformative -+ the { which contains the 1 p, 5
la=root -\ en=suffix of the 1 and 2 p.; wi-la-en also="thou pay-
est”; only here, he thinks, that his 2 personal @ is contained in the
1 of n-i. Ni-la-¢ also means ‘he pays,' where the w==preformative
of the third person -+ connecting vowel i—-root la+ 3 personal
suffix 2. The analysis of the forms, just given is my own, made
fram what 1 believe to be his theory. The -vowel for the first
person” again appears in the simple forms i-dim, ‘1 mude’; the
evowel of the second person in e-dim, * thou madest’ and the n of
the 3 p. in indim, "he maile’ (p. 78).  Similarly a-tum, * 1 brought’
(a==a"); a-mém, *1 am" (Clay); e-tum, ‘thon didst hring " and
an-tum, * he brought * (p. 8o} seem to indicate the correciness of his
idea, But, without entering more deeply into this ingenious and
carefully thought out theory, it may be demofished by the simple
fact that a- (=a'), & and w- do not always mean the 1, 2 and 3
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persons, although a- and & wswally occur in this sense. Thus, a-
indicates the 3 p.: a-rim-rim-we =={-fi-ba-{n), * they have been jm-
mersed ') kas-F a-ab-du(RAR)=F-ko-ra i-ba-bu-di and a-ne-in-gi-
==ik-"-fu, both clearly third persons, although the meaning of the
stems is unknown (ci. Br., p. 348). On the other hand, o- generally
indicates the 1 p. (Prince, AJSL. XIX. p. 211).  The prefix e- is
frequently used of the 3 p. as: #ag, *he made " ; ~gas, “he killed *:
e-gem, 'he went' (Delitzsch, §135 and §184a).  As for a(i)
Poebel himself gives examples cited above of n(i) used for loth
the 1 and 2 persons, while for the 3 personal use, of, Br., p. 343 mi-
sw=nhoth i-du-u, "they know’ and t-di, ‘thou knowest”; ni-gal
(1K) ==t-ba-as-#i, "it is," etc. ad mauseam. In other words, o, ¢
and (1) appear used for all three persons indiscriminately with a
preference in favor of the 1, 2 and 3 persons respectively.  On the
other hand, 15 Poebel correct in supposing that the suffixed forms
-en attached to verbs are characteristic of the 1 and 2 persons only
Az in the case of a, ¢ and # they appear indiscriminately for all three
persons : mi-la-en, ' 1 pay *; * thou payest,' as cived above, but mu-wn-
tag-en=in-nag-gu-u, IN. R. 10, 48 b} mu-wn-g-in-gi-en = id-pu-ra-
an-ni, *they have sent me,” Br., i 300, As to Pochiel's 3 p. -, it, of
course, occurs often with the 3 p.: cf, Hl{nE)-¢=ig-da-mar, Br.,
1499, ete, but also an-na-ab-ui-¢=tu-fg-axr-ra-za-in, * thou shalt
cause him to seize it’; il is also a frequent sign of the imperative,
as ki-e=akul, “eat thou'; wi-e==ri-da-an-ni, *have connection
with me,’ Br,, 553,

There can be no doubt that Poebel is right in giving -z and
vl as the respective characteristics of the endings of the postposi-
tive conjugation, as -mu-, -si- and -ni, -na- and -bi-, ~ba- are the
ordinary 1, 2 and 3 personal suffixes, respectively, of the pastposi-
tive hil-clause: yet even here we find a variation, as the third per-
son also appears with the ordinarily first personal -mm in relative
clauses. This is the so-called -mu of the third person which 1 be-
lieve | was the first 1o call attention to (| MSL, XXIX, §32). The
best illustration of it will e scen in the iollowing phrases from V.
R.27. No. 1, 4-11:

dinig-ga far-3ar & nu-nag-a-mu
brici-nm s ing min-ga-ri-¢ me-e o ii-bin
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the grain which hath drunk so waler in its bed
sugur edit-na pa Mu-slg-ge- i

kint-mat-so ina: ci-v-ri ar-ia la ib-nu-n

whaose bnd in the feld no shoot has Lormne;
GIS-A~AM Jria( RaT)-a Da-mue-gi (g ) -ppt-nnit
il-dug-gn 3a ina ra-fi-3u la ©-ri-iv

the sprout which in its water-ditch is not planted ;
GES-A-AM st {a-ah-biu-ra-miu

(il-dag-gn)y fa i5-do-nu-u3 in-na-zs-ru

the sprout whose roots have beon lorn away ;

gi Sar-dar-ra O ge-nag-a-m

qir-u Fo iy mw-sa-ri-e me-e la iE-ta-n

thie vegetation which in its bed has drunk no water;

A similar construction to the above i= undoubtedly that in
ASKT., p. 122, 162 eri-su-ka dg-gig-gd ak-g-mu==ana ar-di-ki io
ma-ri-us-tum ep-gi, ‘umo thy servant (feon) who has (lit
“makes” =gk} sickness.'

It is perfectly evident from the above examples that we have
here a purely relative -mn used with participles;  This is probably
identical in derivation with the demonstrative min- in the regular
relative pronoun mu-l anid also with the common mu-prefix of
verbs, It is quite possible that this relative -mu was used to indi-
cate all three persons, like the mu-prefix n verbs.

What then are we to eonclude as to the pronominal use with the
Sumerian verh? Is it possible to imagine a verbal systemt with
uo fixed method of expressing the pronouns?  The existence of the
practically fixed seeond personal value of the infix -ro- and of
the very common wse of gd- as a first person would lead us to
suppose that the verbal prefixes were really not indeterniinate pro-
nominally, even though Delitzsch lays down the rule that there is no
secondd personal conjugation in Sumerian (p. 102),

The existence of third personal elements has long been recog-
nized. The difficulty lies in the apparemly indiseriminate use of
many verbal prefixes for all three persons and the fixation of this
usage by Poebel's undoubtedly valuable equations.  The guestion
now is whether Pocbel is right in supposing that there underlies n
every case of a first personal usage the *-vowel, i ¢, that mu-, *T7



42 PRINCE—PRONOUNS AND VERES OF SUMERIAN, [Apsiiay,

stood for mu-", while mu, * he " did not contain this element. This is
equally true of the e-prefix of the second persson varying with i,
cited by Pocbel as characteristic, Are we 1o understand an ¢-ele-
ment hidden in every second personal equation; ba-, fm-, in-, -,
ma-, mu-?  The latter question must he answered in the negative.
because, as just shown, ¢ was not used exclusively of the second
person.  An examination of the paradigms as given by me in this
paper will show the improhability of such 2 proposition,

The first thought which strikes the philologist studying this maze
of apparently contradictory  forms suggests the theory that in
Sumerian, as in other languages. person in the verh st have
expressed hy the tone. This jdea | suggested in AJSL. XIX,
Pp. 205-208. bt no Sumerologist has ever gone into the matter, Al
scholars in this line have preferred, cither 1o deny the distinction
of pranouns by the verbal prefixes or else to suggest a difference in
quantity (Paul Haupt, Sfg., p. 19, n. 6; Bertin, PSBA. V {1882-3),
pp- 10ff). But a difference in quantity or "accent,” as somie eall
it, would have been indicated at least by a prolongation of the vowel
of the prefix. Real voice-tone would niot have heen so designated,
any more than it is Chinese Wen-Lj to-day. Grammatical tones
actually exist in African Yoruba, as il e tthy howse * bt e ré
(another tone), *his house”; in this languige o="thoy’ but &
(another tone) ="he, she, i’ Nothing could be more Anggestive
than this parallel (¢f, S. Crowther, “Grammar of the Yoruha
Language™ (London, 1852, P 12}, 1 cite it, nor of course with
the intention of connecting Sumerian with Yiruba, but simply to
demonstrate the possibility of toned prammatica] elements which do
not occur in Chinese.  The three persons expressed by ba-. im-, in-,
ati- and mu-, the two persons by me- and the similar apparently in-
discriminate use of the imfixes, noted above, all poin only ta such
a solution, which is far more reasonable than the idea thar hidden
vowels exist in such prefixes and infixes,
present, how were they distinguished ?
mscriptions 1o hetray their existence. The Chinese o not indicate
tones in their writing, becase they are as readily understood by the
reader of a living language, as an English reader unierstands the
distinetion between wards.of identical sownd and difference of mean-

If these vowils were
There is nothing in the
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ing such as ‘=0, sow’ and “sew’; ‘low'="below" and the verb
“low,' ete.  Similarly, the Babylonian priest to whom Sumerian was,
if not in later times actually a living tongue, at least 3 pronounced
idiom, woull never have thought of indicating the tonal differentia-
tion ‘of the grammatical verbal elements. The very poverty of
Sumerian phonetically and the apparent monotony of its consonantal
elements go to show the necessity of supposing some special unmindi-
cated means of differentiation. There seems to be every reason to
-suppose that such elements cited above as ba-, int-, in-, mi-, mu- in-
dicating the first, secand and third persons in the verbal scheme
must have been tonally differentiated.

There are only about eleven distinguighing consonantal elements
in the language; viz,, b, probably=snear object and near demon-
strative; = partitive; locative; means; ¢ = precative and inten-
tional ; hence, future (—=also ng=mn) ; g=rpure precative opiative,
indicated herein by x; | (rare}=n; m= demonstrative and relating ;
%, probably =remote object and demonstrative; r—ethical dative;
mation, direction towards, and perhaps rhotacism for 2 in the second
person -ra; #=direction towards, similar to r, with which it may be
connected etymologically ; t="in"' or ‘out of ' ; location in general ; =
==pure second person, the only fixed consonontal granumatical value,
Combine with these elements the vowels o = direction and ¢ (¢)=
completed action, past and future, having a force like the Slavonic
“perfective” forms, not forgetting that § may be the harmonic
equivalent of ¢ and u of a, and we get a reasonable explanation of
most of the prefixes and suffixes of the language, particularly of
the verhal prefixes treated above  See for a full discussion of these
paints, Prince AJSL. XXIV. pp. 354305, aml al:o in Encyclo-
paedia Britannica, XXVE 57

Poebel's infixes (pp. 70 i), all which are, of course, well known,
I will amplify by the following examples for the sake of clearness:
na, 'to him'; fn-na-an-ba-¢ = uqasou, ‘he gives to him'=mna, 'to
him ' n, “it" remote: in-ne-fa-¢, “he will pay to them ' (-ne); cf.
mu-ne-gen, *he went to him’; note that fin="them, ar_ p. 40,
25, in-di-in-g¢, ' he gave to them*; ma-la-e, ' he will pay me'; here
the m stands for the 1 p.—+ the directive a; mu-ra-la-¢; * he will pay
thee *: the mn contains the demonsteative m - the tonal vowel of the
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third person +the 2 p. -ra-; fn-F-la-e, *he will pay o him"; 1, the
periective vowel +- n—remate ohject it ' - # directive ; mu-Fi-la-e,
“he will pay to me *; the tonal mu of the 1 p. - directive 3 M-
di-lo-¢, "he will pay for thee': demonstrative m -+ tonal w of the
secontl person - perfective «; i(m)=ni-la-e, *he will pay upon (=
for) it’ = perfective i—4-remote object n —+ perfective § again -
ni, really —"therein "; i(n)-na-wi-la-¢, * he will pay 1o him npon it "
same as the above with the directive mo-insert: ib-ta-due, *he will
pay from it (out of it)'; perfective i + nearer objest b, i(#)-na
(b)-ta-la-z, * he will pay to him from (out of ) it'; same as abave
with dircetive st <+ nearer object b; ib-da-la-e, * he will pay together
with it"; better “ by means of it*; ib as above with the da of means ;
mu-eda-la-e, “he will pay together with thee' demonsteative m
with tonal % of the second person - perfective ¢+ du a5 above.

Pocbel's whole set of infix-paradigms may be explained satisfactor-
ily following this system.



THE HALL AND CORBIND EFFECTS.
By E P ADAMS.
{Read April 22, 1013

About four years ago Frofessor Corbino® described some effects
which are closely related to the Hall gifect. These new effects
sl have to do with the production of a secandary circular current
in a metallic disk when a primary fadial current is sent through it,
and the disk placed n a magnetic field perpendicular to its plane.
The only metal in which Corbino was alile to detect any of these
effects was bismuth, perhaps owing to fuck i sensitiveness in his
methods. but more probably because he seems 1o have neglected to
take the precaution of preventing circular currents in a parallel disk
used to lead the radial current into the disk under investigation.
These circular currents would produce an effect which would largely
halince the effect sought.

Last year Mr. Chapman and 1% measured this Corbino effect in
twelve different metals. In two other metals. tin and zine, the
effect was too small 1o measure. The method of measurement con-
sisted in measuring the eurrent induced in a coil of wire placed
parallel to the disk when {he radial current was reversed abaout
twenty times a second by a rotating commufntor.

The result of these measurements showed that the cireular cur-
rent C, produced; was proportional 10 the magnetic field, [, and to
the radial current, [, or

=all.

in the magnetic metals and in bismuth a is not constant but it de
pends on the magnetic. force. In all the other metals tried a appears
to be constant,
In order to campare this effect with the Hall effect, we may
¢ Physikaliache Zeitacheift, X110 pp 500, Byz, 1071
3 Philogophical Mugazine, XXVIIL, p 602, 1914
47
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assume that the effect of the magnetic field is 1o produce an electric
mtensity at right angles to both the magnetic force snd to the pri-
mary electric intensity, and proportional to their product and the
sine of the angle between them. This we may take to be:

2 =cV'HE,

where 17 stands for the vector product. Applying this to the Cor-
bino effect in a circular disk where 7, is the external radins and f
the internal radiis we find:

I
e

where I is the whole radial current, k, the specific coniluctivity,
and ¢ the thickness. Then the transverse electric intensity is

clH

’ =
£ 2xkir

and the whole cireular current:

L s
C= = long = IH.
Therefore the constant ¢ is equal to (¢/2x) log (ry/ry)

£ 7
0= e ——

IH rs’

We may now make the same hypothesis about the Hall effect.
Here it is known that if a current  fows through a rectangular

sheet metal of length /, breadih &, and thickness !, there is a trane-
verse difference of potential given by

K being the Hall constant. The transverse electne mtensity is pow

114

i
E kbt '
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and thus the transverse difference of potential is

HI

Pr——

BT

=™

Thus

¢

R= T
The constant ¢ may be determined from both the Hall and Corbino
effects. Experiments that Mr. Chapman has recently been making
shiow that ¢ is the same when measured by the two effects.

Now it is known that the Hall effect varies in sign from metal
to metal. This change in sign may be introduced in the hypothesis
by supposing that the ‘constant ¢ varies in sign for different metals.
The experiments that have been made show that the Corbino effect
changes in sign with the Hall effect. Thus there can be little doubt
that these two effects ‘are essentially the same, and that any ex-
planation of one effect will explain the other.

Corbino also showed that when a disk carrying s radial current
was placed in a magnetic field so that the normal to the disk made
an acute angle with the direction of the field, a torque was brought
into play tending to make the disk parallel to the field. I & is the
angle between the normal to the disk and the magnetic force, the
mutual energy of the circular current and the magnetic field is

L
W e IH'S cos® &,

where S is the area of the disk, Thus the torque tending to in-
crease g i3 :
.
= ':: = £ 11 sin 29,
Mr. Smith has succeeded in measuring this torque in four or five
different metals, inclitding bismuth, and the values of ¢ calculated
from his results are in good agreement with those obtained from
the measurement of the circular current.
The production of a circular current in a disk by a magnetic
field acting on a radial cutrent implies an.increase in its resistance,
FROC. AMER, PHIL, 500, 1AV, 216 1), PRINTED JUNE 21, 1915,
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This increase may be readily calculated. The rate of heat pro-
duction by the radial current is

s
I log "
arkt °

By the cirenlar current it is

the total rate of heat production is thus

I*log =

N
okt (14 cHY,

1f K is the conductivity of the disk in the magnetic fleld we may
write the total rate of heat production when a radial current T is
senit through it

Iy
I lr.rgn

2kt

Thus

E 4 e
F=';'=I+|‘-“H" or ‘u—l-ﬁﬂ".

In thie expression o is the specific resistance of the metal and o i
effective specific resistance in the transverse magnetic field. Now
according to this view the resistance of a conductor shonld always
be increased by a nagnetic field It is known, however, that with
some metals notably iron and nickel, the reststance is decreased in a.
transverse magnetic field. Furthermore, the increase of resistance
calculated from this formula iz very much less than the increase
actually observed. In the thought that the change of resistance
might be dependent on the geometrical form of the metal Mr,
Lester has measured the effect of a transverse magnetic field on the
resistance of a number of metals, using disks with a radial current.
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Hiz results are in good agreement with previous measuremenis
made with wires and strips, For example, in the case of bismuth,
using the same disk that was employed to measure the circular eur-
rent le fonnd, for a feld H = 5,000, 8o/0=016. Now ¢—=20"
for H=5000, @ that SH*= 01, It is thus certain thut some
other influerice is effective in causing the main part of the change of
resistance of a metal in a magnetic field ; it is very probable that the
fiell ‘affects the molecular structure of the metal.

The interpretation of these results from the point of view of
the electran theory of metallic conduction is unsatisfactory. I have
worked out their theary* assuming iree electrons in the metal that
collide with the metallic atome and obtained very simple expres-
sions for the number of electrons in unit volume and their time
hetween collisions.  The numbers so obtained are of the same order
of magnitude as have been obtained by other methods. But the
difficulty of acconnting for the difference in sign of the effect for
different metals on any such simple theory indicates that if we are to
hold to the electron theary of metallic conduction other forces than
those resulting from collisions like those hetween hard elastic
spheres must be supposed to act upon the electrons. The surpris-
ing thing is that so much can be explained by the simple theory
of clectrons when all such forces are neglected.

We have seen that the Corbino effect is, essentially, the same as
the Hall effect. In its measurement and interpretation the Cor-
Wino eifect has some important advantnges over the Hall effect. In
the firss place it s not necessary toitse the very thin films that are
required to produce measurable Hall effects. And in the second
place the ahsence of the free transverse boundaries render the in-
terpretation of the Corhing effect simpler than that of the Hall
cffect.

Pansee Puvsicas Lanokatiey,

Purmeryon LsrvenstTy,
 Phitogephicel Mogazine, XXVIL, 244 1014



SOME RESULTS FROM THE OBSERVATION OF
ECLIPSING VARIABLES.

By RAYMOND 5 DUGAN, Pa.D,
(Read April 25, rors.)

At Princeton we have heen using for over ten years a stellar
photometer devised by Pickering and similar 1o the one used for so
many years 10 such good purpose by Wendell. This photometer has
many virtues anil but few vices, Its construction is such that the
observer has the very comfortable conviction that nearly all the
sources of systematic error he can think of are being rendered
innocuous by the program of observation. In accuracy it is ap-
parently excelled iy the electrical photometers alone.

A large part of our researches at Princeton has for some time
heen the observational and theoretical study of eclipsing variahiles.
From the beginning we were of the opinion that the patient dis-
tribution of ebservations repeatedly throughout the entire period of
light-variation might very possibly bring us several facts to repay
us for the great labor involved.

The first star subjected 1o this process wis RT Persei® 14,464
measures made during the years 1005-8, combined into a mean
curve, showed at once the existence of 4 secondary minimum, 0.13
of a magnitude in depth, and with satisfactory distinctness a slight
change in brightness between eclipses. This latter change was in-
terpreted to mean that the two stars are ellipsoidal and brighter on
the sides facing each other. An asymmetry, established ®ith con-
siderable certainty in the curve of primiary eclipse, was found 1o
prevail throughout the entire curve.  Combining this with the
knowledge of one companent of the eccentricity derived from the
observed displacement of secondary minimum toward the preceding

¥ See Contributions fram the Prinecton Uniy, Obs, No, 1,

i
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primary minimum, Shapley bas recently explained this asymmetry
as & Periastron effect—an increased brightness of the stars when
nearest each other, There is another possible explanation which 1
shall consider in connection with the third star.

In 1909 the series of 18,384 measures of » Draconis was com-
pleted.®  Evidence of a very shallow secondary minimim, only six
or seven hundredihis of ‘a magnitude in depth, displaced slightly
toward the following prinary minimum, was clearly found. Ellip-
ticity of figure and exchange of mdiation were again demonstrated.
These two effects have béen abundantly verified in other cases.

The theoretical representation of the obaervations of both RT
Persel and = Diraconis just at the beginning and end of eclipse is a
little unsatistactory—the theoretical curve starts to drop more
rapidly than the observed curve. This is possibly evidence that the
stars are darkened toward the limb—like the sun.

It was hoped that the chservations of RF Ophiuchi would not
only demonstrate the existence of darkening toward the limb but
would determine approximately the degree of darkening. But
darkening scems to be very clusive sometimes. The observed
secondary minimum is barely deep enough for the uniform solution,
and a darkened solution requires a still greater depth. The well-
determined primary minimum is strongly asymmetrical. The inter-
radiation effect is about the same as in the other two stars, while
the ellipticity is much greater. This latter fact when considered
with the anticipation that the ellipticity effect would in this case be
too small to detect—on account of the large distance between the
component stars—is somewhat disconcerting. Then too there are
several well-defined hollows in the curve—a conspicuous one just
after primary and another just after secondary—and a long stretch
hefare secondary when the star is much brighter than before pri-
mary. The only satisfying method of solving the curve secmed,
therefare, 1o be a least square solution of the whole curve—a pro-
cedure hitherto avoided, The final theoretical curve, representing
our present knowledge of the causes of light variation of these stars,
is the result of the solution of forty-two equations with seven

& Se¢ Conkributions from the Princeton Umiv. Obs., No: 2
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unknowns. The probable errors are of satisfactory smallness, con-
sidering the amount of asymmetry,

It seems necessary in this case to face the fact of asymmetry
tnflinchingly. The secondary minimum gives no evidence of an
eccentric orbit and the consequent possibility of a magnified peri-
astron effect.  The most conspicuous asymmetry is a greater bright-
ness from middle of primary eclipse through to secandary than on
the other side. A sine term of the first order with an amplitude
of three hundredthis of a magnitude takes care of the greater part
of this. The existence of this sinc term would probably indicate
that the advancing side of the bright star is brighter than the follaw-
ing. 1 such were the case, then the loss of light during the early
stages of eclipse—when the brightest part of the disk is being
covered—anil the gain of light nght after totality would both be
more rapid than would be the ease if the disk were uniformly bright,
as was assumed for the least square solution, The divergence from
the theoretical curve of the well observed branches of primary
minimum is in this anticipated direction and it is of sbout the right
amount. A similar asymmetry has already been remarked in the
curve of RT Persei and is probably also, at least in part, due to this
cause, This suggested explanation is of course not new, bit the
evidence is apparently strong that the advancing side of the brighter
component of some Algol variables is brighter than the following
side.  After this sine term is removed from the cirve of RY
Orphinchi, there seem to be other changes in brightness of an amount
smiall but seemingly guaranteed by the probable error.

In the system RT Persei, onc star i one and one third times as
large and five times as bright as the other: in 2 Draconis, one star is
thirteen times as bright as the other but just about cqual to it in
size. The eclipse is very deep and nearly tatal.  In RI* Ophiuchi
one star is twelve times as bright as the other but smaller, The
brighter star is entirely hidden behind the fainter for about an hour.
The two stars are farther apart than in the other two systems liut
they are apparently much more elongated. -

During the seven years since completing the light-curve of RT
Persei 1 have observed through an oceasional primary minimum
Both. visually anid photographically. Recently 1 have observed two
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gecondary minima. The eclipses are now coming over forty minutes
erlier than they are predicted by the elements determined from the
original serics of observations. This is very surprising in view of
the accuracy with which the elements were determined. These ele-
ments were determined mainly from a large number of well ob-
served minima grouped quite closely about two epochs about Foo
periods apart. 1§ the time of eclipse is fixed by the observations
within a half-miniute in each of these two regions, then the period is
known to one-tenth of a second. In cases where both hiranches of
the minitium were continuously observeil it seems hardly possible w
change the observed time of any individual minimum by more than
one or two minutes, and still represemt the observations closely.

The photographic record of RT Persei, generously furnished me
by Proigssor Pickering, showed that at —7.500 F, or 17} years
before the zero epoch, the eclipses were about 100 minutes late, The
-average period; then, is nearly a whole second shorter than the period
determined from my original series of observations,. This shorter
period should have caused my observed minima to run off ten
minites from the predictions during the interval of 7oo periods,
This is intolerable. Beside my own observations, there are a good
many observations by Wendell and several by Grafl available. Of
cotirse a single estimated photographic magnitude is not nearly as
aceurate for determining the tinie of minimum as a series of photo-
metric observations right through the echpse.

Making now the correction to the shorter, average period, I have
plotted the new residuals; and find that two periodic terms, one
running its courze in 12,000 eclipse-peniods, or 2734 years, the
other in one-third this time, or 4000 periods, with cocficients of
twelve and five minutes respectively, going through their zero values
on the up grade together, fit the observations pretty well. The
smaller period is of the order of magnitude of that to le expected
from the revolution of the line of apsides cansed by the ohserved
prolateness of homogeneous stars. The amplitude is of the size
1o be expected from the smallest value of the eccentricity in accord
with the observed shiit of secondary minmum.

The impartant question, and one which 15 difficult to answer, is
whether the time of the secondary eclipse shifts in either of these
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periods,  The revolition of the line of apsides in the shorter period
would cause the time of secondary minimum to oscillute back and
forth to an extreme of len minutes before and after the midway
point between successive primaries.

The evidence is both scarce and somewhat uncertain, The en-
tire seconilary eclipse amounts to a drop of but littlé over a tenth of
a magnitude. An isolated photographic estimate of brightness is
of little value here.  Even from a continuons series of photometric
observations, it is difficult to fix on the time of mid-eclipse within
several minutes. My own observations, weighted according 1o the
apparent certainty with which they determine the time of mid-eclipse,
indicate rather strongly the shift in the time of secondary eclipse in
the shorter of the two periods. The few observations by Wendell
do not furnish any very strong evidence for or against this result.
In no case were his ohservations carried through both branches of
the eclipse, and consequently they do not determine the time of the
eclipse with much accuracy. What disagreement there is; is in the
same direction as in the observations of primary eclipse—for some
reazon the Wendell times of eclipse are nearly all earlier than mine.
The evidence in hand at present points to a revolution of the line of
apsides of RT Persei. T hope to observe occasional primary and
secondary minima of this star during the next few years.

As a bi-product, I have determined the photographic curve from
the Harvard observations and compared it with the visual curve of
primary minimum, According to the observations, the eclipses in
the two regions of the spectrum are of the same duration and the
same depth, but the curves follow different paths. This is too
strange a result to be taken very seriously, considering the paucity
of the photograpliic material. T have, however, one minimum which
I observed through a blue color sereen made for the purpose.
Through this filter the minimum was observed about 0.15 magni-
tude deeper than without the filter. So I conclude that the obser-
vations at the hottom of the photographic curve, which are few in
number, are to be disregarded and the curve extended to the greater
depth given by the color-screen observations.  The difference in the
character of the two curves indicates that when one star is in great
part covered up, the light of the svstem is more reddish than when
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they. both shine undimmed [Either one star is redder than the
other, or the eclipsed star is redder toward the imb than at the
center.,

= Draconis has been an equally imteresting surprise. The aver-
age period is quite a little longer than was supposed. Some time
ago it shortened up with great rapidity. The tap and bottom of
this sharp decline are well determined by observations from guite
A variety of zources. The two sine terms combined in this cuise
have periods of 7,200 and 2,880 eclipse-periods and nearly the same
coefficients as in RT Persei—ten and four minutes respectively.
The prolateness and eccentricity of = Draconis are ahout the same
ad those determined for BT Persel.

The secondary minimum of = Draconis is enly 0.06 magnitude—
half as deep as that of KT Persei; 'the observations of the secondary
minimum are few and were all taken within a brief interval, and
they furmish very little evidence, This star must also be kept under
frequent observation. When observing this star with the 23-inch
it requires a determined effort to see it at all when in the middle
of its deep eclipse.

The greater depth of the photographic eclipse comes out very
nicely in the case of = Draconia. As the eclipse increases, the light
from the star becafes redder and redder. At deepest phase more
than half the light is known to come from the famter star. It is ap-
parently muel redder than its far brighter companion, a fact whicli
i¢ donbtless to be expected.

Lastly, in reduocing the observations of RI" Ophiuchi T found it
necessary to predict the minima with a sine term of about 1,000
perinds, and of small amplitude. The photometric history of RV
Ciphiuchi is short and incomplete compared with that of RT Perses
and z Draconis, and no concliusions cin safely be drawn from this
result,

Prxceror Unnversior,

April, 1915,



SOME PRESENT KEEDS IN SYSTEMATIC BOTANY.
By 1. H: BAILEY.
{Read Apeil 27, rorg)

1T an editor were to survey the iamilies and genern and species
of the vegetable kmgdom, he would find himseli making compari-
sons and drifting to conclusions respecting the character of the sys-
tematic work amd the worth of various contributions. Many of
these conclusions be might not be able to analyze. They might be
very much in the nature of impressions, and yet they might be felt
#0 strongly as to be convictions, 1t is a vast field that his oversight
would cover, and the bases of comparisons would be of the most
various kinds, vet the convictions m very many cases would be
concrete, It may be well to consider for the moment some of these
possible convictions, of course in no spirit of captiousness, but to
bring other points of view on some of our common problems, even
though these points of view may not always be cpable of direct
application. .

Very likely, his first fecling would be a conscioysness of the
great variety in the methods of the monographs. The systematic
work is rapidly specializing, and the specialists make their own
criteria.  The result is a marked diversity in the work, which
all the efforts at standardization do not very much control. Prob-
ably, Bentham and Hooker's * Genera Plantarmm ™ is the last of the
comprehensive works to be brought 1o a completion by a single
person or by two or three persons working as one.  This is sue-
cecded by the editorial work of Engler and Prantl in “ Die Natiir-
lichen Panzenfamilien,” and later in more detail by Engler in * Das
Pllanzenreich.”  Floras of countries and regions tend more and
more to be constructed editorially, with contributions by specialists.
All this results perhaps in closer work in the specialties and the
details, but it may lack in coordimation and in the baluncing of the
paris '

o8
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Probably all the larger conclusions by our hypothetical editar
would be derived from this general situation. No longer do we
have the controlling authority of one man, holding the work steady
and maintaining a homogeneons method. I well remember a re-
mark that Asa Gray made abour hiz Composite, on which he had
worked so long and so lovingly, secing the end of his time and fore-
seeing the change of his method. 1 remember also that in those
days I was somewhat violently interested in nomenclature and 1
proposed to publish on it; but Gray gemtly dissuaded me: it was
some vears before 1 understood why.

A SituaTion 18 NOMENCLATURE,

In proportion as we lose the influence of a single controlling per-
sonality, or of a few personalities working in an understood har-
mony, do we resort to arhitrary and conventional methods of
codification. This is well illustrated in the convulsions in nomen-
clature in recent years. In this country, for example, with the
passing of Gray, we began to give up the combination of two words
as the name of a plant, and to substitute the oldest specific nante
brought down through any number of genera. Intrinsically, one
method is as good as the other, but we sought to arrive at uniformity
by rigidly adopting one of them. A train of difficultics has followed
this and other innovations, and nstead of finding ourselves in full
harmony of action, with one uniform practice in nomenclature, we
have two or three or several practices, and to a considerable extent
each worker making his own, The present sitvation in nomen-
clature is a vivid illustration of the failure of arbitrary means of
standardization. The situation also has a sociil significance, as |
ghall attempt 1o suggest,

The probability is that we should have arrived at our destination
sooner and with no greater confusion if we had allowed the situa-
tion to work itself out without formal regulation, recognizing mare
fully the principle of usage which in the end controls all language.
We have probably made a mistake m endeavormg to substitute
arhitrary priority for stability; at all events, we might have saved
ourselves the very amusing exercise of upsetting a well estalilished
name for the purpose of substituting an older name i order that
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we might make the name stable. It looks now as i usage were
after all to control in the end, and In some regands quite independ-
ently of arbitrary regulations. The principle of undeviating priority
has not yet controlled for any length of time in the developmient of
langunge. 1t s a false premise.

{ am not now arguing for a return to any olider or prior method,
nor in challenge of any current practice, and certainly not in-eriti-
cism of any group of workers, for we shall probably outgrow our
conventionalities sooner by working with them rather than against
them, But I must prolest, as | have protested many times hefore,
against the assumption that the names of plants belopg to botamsts
10 do with them as they will. This is only another way of saving
that these latinized names of plants are rightfully a part of language
and are not mere formulz or symbols to be used only by msiders.
We desire that the public shall use this language We publish our
manuals with this purpose. 'We try to make plant books simple, that
they may be popular. We take pains to spread the knowledge of
plants and thereby to promote the love of hature. There are thous
ands of persons who sell plants, and the names become estahlished
in trade and represent commercial values. These values cannot be
shifted readily from name to name; and if one makes a plea for
correct nomenclature in plantsmen’s catalogues and fists, one re-
ceives the reply that it is scarcely worth the while seeing that the
names change so frequently. The custom of shifting the names is
undoubtedly directly responsible for much of the disregard of new
nomenclature on the part of dealers; and we must remember that
the use of these kinds of names among the people is probably pro-
moted more by the plant dealers than by the botanists, T judge that
the botanists have not yet succecded in securing the active and froe
cooperation of this great class of people.

OF course we are to recognize that much of the change i in-
evitable, that, in fact, it is a consefjuence of new and closer studies
of the groups, resulting in a clearer understanding of generie aml
specific limitationa. This Is a contribution to knowledge which
everyone must accept.  But there is a class of changes which does
not have this justification. I am conscious, in making inquiries,
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that the first thought of some particulariats appears to be a desire
to see whether it is possible to change the names.

Nor am 1 yet ready to leave this subject, From a successful
and sincere public lectnrer, who is Arying to lead the people to a
knowledge of animals and plants, T had a request for aid containing
the statement that he could devote only a little time daily “to the
study of Latin-and I want to get only a sufficient knowledge of it
to enable me to know why the gipsy moth is called (Porthetria
dispar L.} and whether Raplhawus raphanistrim means 4 plant, an
insect or a tribeof elephants” This person, of course, had not liad
a college training in these particular subjects, but he is not ignorant
or inattentive.  He writes that he has about 2,000 bulletins, many
bound volumes and a special eyclopedia, nearly all of which material
is classified, using a card-index. * It has taken a lot of work to do
this but as I can spare from farm labor only about an hour each
day for study I find the index is a great time saver by showing me
just where to find what I want.” This man will accomplish much
with his methods of contact. But consider the position of this man
if to a comphcated system of nomenclature we add a conlinuous
tendency to change; and 1 think it is fairly our obligation to con-
sider his position.

When we feel within us the desire to change the names of
geners and groups, let us think well of this man and his carefully
considered hour—what it would mean to him in cross-referencing,
in indexing, in the readjusting of his work. If it is 0 bring new
knowledge that we cannot so well record otherwise or indispensahile
definitions, very good ; but the burden of proof always rests on the
new name.  The work with names is fascinating, even captivating,
and every change identifies the worker with it; but we are not to
forget that some of this work is likely 10 be of the kind that, in
other fields, might be called pedantry.

Bear with me further while T call your attention to the fact that
we are not only changing our plant names with apparent disregard
of the users of them, but that we are also making them more com-
plicated, To the nume of the plant,—genus and species,—we add
the authority. We now omit the pumctuation and thereby make the
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author in effect a part of the name,  When the combination of two
words was held to constiture the name of a plant, the author of
the comlination was sufficient for identification; but with the single-
word system we carry the anthor of both the original specific name
and of the new combination, and the whole lecomes something like
a complicated formuls. This is a convenience to the worker with
plant names, but he is not the only party concerned ; liis needs may
be served in the citation of the synonomy, His ohligation 1o the
public is to present the simplest possible name and the least in-
volved. If the history is to be retained in the name-compound,
where may we not stop and how complicatedl may our formulx
finally become? We may in time evolve a phraseology, or an alge
biraic form, as complicated as some of the pre-Linnman customs:
We are really confusing two things,—nomenclature and hilliog-
raphy. We should separate citation from nomenclature. We have
no right to inflict the public with our taxonomic book-keeping.

There are three pressing needs in our present systeinatic botany,
as | seeit. One of these needs I have now tried to suggest, which
s the urgency to subordinate the nomenclature question.  This is
specially important in a democracy, where we desire to give all
qualified persons equal chance, where we are supposed 1o remove
hindrances and arbitrary domination by central authorities and 1o
allow the people 10 express themselves freely. The public has real
rights in the names of plants.  Soon we must stop playing with
TAmes,

ACSITUATION . AS TO SrEciEs aND GENERA

The oversight that we assumed in the beginning would undoubt-
edly discover other interesting situations in our systematic work,
What these comparisons might he would depend, of course, an the
particular person who made them; hut in respect 10 the American
work, with which at the moment we are mostly concerned, any per-
son could not fail to admire the quality of the monographs and
lesser contributions.  Although systematie botuny may occupy a
subordimate place in our teaching, it is receiving extensive and VEry
expert attention both from amateurs and from those suached offi-
cially to the great collections, and the published woik is sneh as o
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give us much pride. Ability of a high order continues to express
iself in this field.

We hive noted the tendency to specialize.  Persons become ex-
pert in certain detached groups of plants. We became most skillful
in detecting the differences that may distinguish species, but it may
be doubted whether we are equally skilliul in bringing together the
agreements that may formulite genera. We seem now to be dis-
covering separatencss. It does not follow that one who has nice
judgment on species necessarily has equal anthority on genera.  The
tendency to break up our ol groups into many genera, is apparently
the result of the application of the species-habit. It is a great
question whether the method of separation is the proper one 1o
apply equally in these two kinds of cases.

Perhaps we cannot hope for much result in the standardizing
of the species-conception by our methods of herbarmm work, but it
pught not to be difficult to arrive at some kind of an agreement on
genera.  We may well consider the advisability of being progressive
in searching out the ultimate specific units—so far as there are
such units—at the same time that we hold a conservative attitude on
genera, for we can scarcely assume that there are ultimate generic
lines. ‘Thereby we might make a truthful presentation of the vege-
table kingdom at the same time that we avoid vast changes in
npmenclature,

A StroaTios. As 1o THE Livixe MATERIAL,

With the needful specialization of the systematic work, we find
ourselves with very unequal treatment in the different groups. This
inequality is perhaps the most outstanding characteristic of our
present phytographical publication. 1t is impossible at present to
compile a general work with any clear approach to uniformity of
handling in the different genera and families. This 1s dve in part
to the fact that somé of the groups have been recently worked over
whereas others still retain a traditional treatment, Nor e it desir-
abile that there shall be rigid codification on genera; for we need the
judgment of different workers and this necessarily leads 10 non-
wtiformity ; the specialist is entitled to his method ; and yet the in-
equalities in interpretation appear to be so great in many cases as 10
amount to inharmony and even to confusion.
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While there is more hope in the standardizing of genera than of
species, it is within the possibilities 1o arrive at some kind of agree-
ment gn specific values, but this iz not to be expected uas a result
of codification or regulation: it must be a real agreement by men
who are brought together on a new kind of study of a common
line of prablems.

As 1 have already indicated, I would not expect or even desire
a dead uniformity of treatment in any range of systematic work,
and least of all in species, It would be a great misfortime to lose
the expression of personality in even such formal wark as this.
But there is need of a closer understanding as to the essential facts
in the treatment of the members of a genus.  If one were 1o look
over Erytirina, for example, one would find about 50 species recog-
nized, native in warm countries in the two hemispheres ; and while
there is much uncertainty as to the characters of given species,
one would not find very wide disagreement between the different
authors, i next one were to look on Eschscholtzia, one would find
a wholly different state of things, notwithstandig the fact that this
genus is confined to western North America, (iray saw about a
dozen species in this genus; Greene, with more material to work
oi, saw 112 species ; and Fedde sees 123 Jepson, who lias studied
thein with care in the field, is not able to see a great number of
species, although he finds numberless seasonal and other forms;
and he does not see much hope in solving the Eschscholtzia puzzle
by the wsual study of herbarinm material but rather by ** combined
field and cultural studies.*

And here is the particular suggestion | desired to make in the
writing of this paper,—that a few groups be worked out very care-
fully by growing the plants under abservation and as far as possible
under conditions of control and always, of conurse, in comparison
with living feral material. Such studies might require some years,
even in 4 relatively small group: very good—the results would he
all the more convincing, If a hali dozen groups could be worked
over in this way, with discussion of the living material by staml'ing
committecs of some recognized association, we should very likely
arrive at a basis of judgment such as the present collecting and inci-
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dental field notation and indoor study of dried material can never
give ns, The conclusions,—or the points of view, if conclusions
were impossible,—would be invaluable in bringing ©s to an under-
standing and therefore to a substantial agreement on some of the
matters that are now most perplexing vs.  This is now the greatest
need in systematic botany.

This means that we should now study life histories with the
purpase to apply the knowledge in systematic work. We shall
come to the end in due time of the inventory process in describing
new speries. After a time we shall consider it to be scarcely worth
the while to carry the separative process very mmnch farther, and
we shall then undertake a synthetic process of building up the forms
into species-values. The current studies of variation and of plant-
hreeding are bringing us to a new point of view: it is now time
that we begin the incorporation of these methods into our systematic
worl.

Iruaca, ¥.¥,
April =1 o1
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THE VARIABLE STARS TV, T, TX CASSIOPELE AND
* T LEONIS MINORIS,

By R L McDIARMID,
(Read April 25, wig)

The four Algel variable stars TF, TW, TX Cassiopeim and T
Legnis Minoris have been under ohservation by the writer for the
last three years with the polarizing photoreter atiached to the
23-inch equatorial of the Princeton Observatary,

The rotal number of measures made on the four systems is over
35000, distributed among the four stars as follows, TF 0,920,
TH 13,728, TX 8,486 and T Leonis 3,702, The Tight curves of the
first three dre well defined, while the observations on the last system
are not so complete.  The periods of the light variation with the
exception of TF Cass. have been determined from my visual oh-
servations combined with photographic measures kindly sent me by
Professor Pickering, of Harvard,

The systems will be discussed in slightly different order than
the above, the more important left to the Jasi.

The system TV Cass. has been abserved by other astronomers,
and notes published proneunced it as irresular in its variation, later
Zinner found it vegular in its variation and of the Algol type with
a period 4 10" 166" From the discussion of the Princeton ol
servations | found that the period was double the published period
and instend of one eclipse there were two differing ly 0.05 magni-
tude. The double period is confirmed by the three shserved phe-
nomena, 1st, the difference in depth of the two minima of 0.05 my. :
2d, the interval from primary eclipse to secondary is 7.8 minates
longer than from secondary to tlie following primary; 3, the
primary eclipse is 36 minutes longer fn duration than the secondary.
It is from the knowledge of the last two facts thuit we are-alile 1o
determine both components of the eccentricity—the quantities ¢ and

(longitude of periastron). The period is 2 diys, 20 hours, and

Li{H
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336 minutes and the two eclipses have a depth of 062 mg. and
0.57 mg. respectively.  From a discussion of the light curve follow-
ing the theory as outlined by Professor Russell in 4. /., 36, 5: 36, 1
results were obtained giving the dimensions of the system in terms
of the ralius of the orbit. 1t was found that the two stars were of
nearly the same size and had the same surfuce brightness.

bn the case of T Leonis Minaris as i T Cass, we have two
minima, they are however of very different depth, the primary
having a loss of 2.46 magnitudes while the secondary has only 0.05
magnitudes.  The period is 3 days; o hours, 28 min., and 380 sec,,
and 13 accurately known, Combined with the visual observations
[ have vsed the Harvard photagraphic measures as iar back as
1880, and have been able 1o establish a definitive period. The ab-
servations are not so complete as in the other systems, the length
of the period being so nearly three days; alsa weather canditions at
special times have entered largely into this.

From a study of the Tight curve along the lines of the eclipsing
theory it has been found that the stars are of nearly the snte size
but are very different in surface brightness, the ratio being 1:18:

The third system T1" Cass,, whose perind, 17 10" 30 11.7% has
long been known, having been observeld by Ashbury and Yendell,
was placed under observation in October, 1913 at Dr. Shapley's
suggestion. At that time nothing was known about the secondary
cclipse.  From my observations it was found that a secondary
eclipse of 0.00 magnitude ddid really exist, coming 2t minutes before
the time of mid period. The orbit of the system like that of T
Cass. s eceentric, but in this case the companents of the eccentricity
can not be separated,

In the two previous stars it was found from the light curve thar
the stirs were of constant brightness hetween eclipses.  The light
curve of TV Cass. is somewhat different as there seems to be a
gradual rise in the curve between primary and secondary eclipse
which corresponds to an increase in brightness of the system. The
explanation is, that the radintion of the bright star on the side of the
fainter one as they approach the time of secondary eclipse tends to
brighten its surface and thus give rise 1o the phenomenon ohserved
An the light curve, From a study of the light curve it waz found



63 McDIARMID—VARIABLE 5TARS LApil 2a

that the fainter star was twice as bright on one side as the othier,
The stars are nearly equal in size with a ratio of surface brightuess
of 1:3.5 In this system the depth of the primary eclipse is 1,05
magmitudes and its duration a little over 6 hours.

The last system, TX Cass, is the most mteresting of the four
stars treated here. Tt was announced some years ago as being an
irregular vanable; later ite period was given hy Zinner with the
note, that the perfod was probably changing, Tt wis partly on i
count of these published notes that # thorough study of the light
curve of the star was carnied out:: Clwing to the nature of the
variation the star has proved to be o difficult system for photometric
stinly. The eclipses, primary and secondary, which undergo 4
loss of light of 0.54 and 0.33 magnitudes respectively and last over
18 hours, are difficult to observe, in fact it is impossible to obtain a
complete nunimum on any one night even during the long nights of
winter. The Harvard photogarphic measures have again proved
to be of extreme value amd by combining them with the visua!
observations T was able to establish o definitive peroid.  The period
is 2 days, 22 hours, 14 min,, and 41.7 sec.

In the systems so far discussed the stellar disc was considered
of uniform surface brightness.  Assuming this to be the case with
the system TX Casso it was found that the observations could not
be represented at all satisfactorily ; the deviations were in many
cases three times the probable error,  On the other hand assuming
the stellar discs to he similar vo the sun bright 2t the center and
decreasing in brightness loward the edge, a very satisfactory repre-
sentation of the oheervations was found. The hypothesis of dark-
enmed discs seems to be the correct one as it is confirmed by the
nature of the eclipses ; the secondary eclipse is total with a constant
phase of six hours while the primary eclipse has no constant phase
and the curve is distinetly round bottomed showing that the varia-
tion is continuous.  This condition would exist with darkened discs
in case of an annular eclipse, and since the secondary is total our
natural and legitimate conclusion is that the primary is annular.
The system TX Cass. seems to offer very strong evidence in support
of darkening toward ‘the limb i stellar systems,
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The light between eclipses does not fenmin canstant; the light
cuirve is distinetly howed up, showing the stars are elliptical in shape
and have their greatest brightness when we see them Liroad side on
This is the condition midway hetween colipses.  From the stndy of
the light curve it was found that the stars are very different i size,
with the stars neatly of the same brightness having a ratio of 1:1.5
The ellipticity of the stars can hest be shown by giving their-dimen-
sioms expressel in terms of the radius of the orbit.

Mlajor Anie Mipor v
Big $IF «srcssssprasmsnnsnznen ity = 03 b, =510
Small 137 coovvrrmrrrrrrran-ae =0 by =200

The stars in this system are very. close together.



AN INTERPRETATION OF STERILITY IN CERTAIN
PLANTSS

By E. M. EAST,
{ Mead April 22, 1015

It is obvious that it i5 impossible to investigate the canse of
sterility in hybrids by the pedigree culture method when such
sterility is complete. Oeccasionally, however, one finds hybrids
which are not whally sterile.  Such i the case in the historic cross,
Nicotiana rustica L. 3¢ Nicotiana pawiculato 1. This hybrid holds
an enviable position in experimental botany, since it was the first
artificial hybrid 1o he stwlied. It was made by Kélrester in 1760
and was stusdied by him for several years by means of back crosses
with each parent.

This cross T repeated in 1000, using as the N, rustica parent a
small variety N, rustica hamilis Comes oltained from Dr. Comes
through the kindness of Dr. D. G. Fairchild, It has now heen
studied through five generations both in the field (general ntorphol-
ogy) amil in the laboratory (histology and cytology), The essen-
tial points noted, as 1 see them, are as follows:

Two species giving extremely aniform progeny when selfed
bave, when crossed, given an intermediate F, population as uniform
as themselves, and an inordinately variable F, population,

The germination of F, seeds varies in different samples from
20 to GO per cent.

Practically no two F, plants are alike, snil the parental forms
are recovered once in every 100 to 200 F, plants,

In ¥, from 1 to 6 per cent. of the @ gametes are functional, It
is impossible to determine the percentage of viable o gattietes formed
from the pollen mother cells, bt from 2 w 6 per cent. of the

1t 35 impursible to reproduce the photograpbis shawn by means of lan-

tern alides, but an illistrated paper giving the detaibs of the investigution is
1 he prblished shortly,

70



Wizl STERILITY 1N CERTAIN PLANTS. 71

pollen found is morphologically periect. The matiration difficulty
in spermatogenesis is largely at the first spermatocyte division.

F, plams are as fertile infer s¢ as in back crosses with cither
parent.

Scgregation of determiners for fertility occurs in F, so that by
recombination some perfectly fertile plants sre obtained m F.

Nearly all fertile F, plants selfed gve only fertile progeny. Oe-
casionally a fertile F, plant selfed may give a shightly non-fertile
danghter.

Numerous combinations that should be possible in F, are omitted
in the population ebtained. Combinations approaching N. rustica
seem to be more frequent than those approaching N. pamicwlala.
Many more homozygous combinations oceur in ¥, than might be
expected.

Perfectly fertile plants giving perfectly. fertile progeny, hetero-
zygous Tor many allelomorphs, do occur in F.

No more than a very general formal interpretation of these facts
can be made 4t present, but assuming that the chromosomes carry
the hereditary character determiners, and that these react with the
eyvtoplism under proper environmental conditions to build up the
somi, attestion is called 1o the following possibilities of satisfying
the conditions imposed by the data,

1. There is selective elimination of F, zygotes.

= There is 1o evidenee of selective fertilization. {1 infer this
from the fact that F, plants are as fertile fnfer se as in backerosses. )

3. The seleetive elimiation of pon-fnetional ganietes that must
oceur in F, snd the recombinations of funet jonal gametes that give
different grides of fertility in F, cannot be interpreted by a Mende-
lian factorial notation withont subsidiary assumptions, but possibly
may be the result of one of the two following hypotheses:

(4) Through multipalar spindles, mating of non-homologous
chromosome pairs at synapsis, or other mitotic aberrations at the
reduction division, the 24 chromosomes charncterizing each of the
two species may  be irregularly distributed at grmetogetesis. IF
some of these irregular gametes may funetion, the majority of the
experimental data are satisfied, bot there are reasons which there is
not time to consider which make this scheme improbable.
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(8) On the other hand the facts may be interpreted without
assuming irregularities of cliromosome distribution if (1) there is
a group of chromosomes in each parent that cannot be replaced by
chromosomes from the other parent; if (2) there js a group of
chiromosomes from each parent, a percentage of which may be re-
placed by chromesomes from the other parent, hut where fune-
tional perfection of the gametes varies as their constitution ap-
proaches that of the parental forms; if (3) there are other chromo-
somes that have no effect on fertility and therefore can promote
recombinations of characters in the progeny of fertile F, plants; if
(4) a naked male nucleus entering the normal cytoplasm of the ege
in the immediate cross can cause changes in the cytoplasm that will
affect future reduction divisions; if (5) this abnormally formesd
cytoplasm is not equitably distributed in the dichotomies of gamelo-
genesis in the F, generation; if (6) it follows from (471 and (35)
that F, zygotes may be formed which are less perfect in their
gamete forming mechanism than those of the F, generation ; and
if (7) the heterotypic division af grmetogenesis does not necessarily
form two cells alike in their viability.

Bussey [NsTrTUTios,
Hamvann Uxiversmy
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ADDITIONS TO THE FAUNA OF THE LOWER PLIOCENE
SNAKE CREEK BEDS (RESULTS OF THE PRINCETON
UNIVERSITY 1914 EXPEDITION TO NEBRASKA).

By WILLIAM |, SINCLAIR
(Read April 2y, 115)

One of the objects of the Princeton University 1914 Geologice
Expedition 1o Nebraska was to acquire, if possible, fossil bone:
from the Lower Pliocene Snake Creek beds of Sioux County, partly
to fill out the exhibition and study collections of the Department of
Geology, which were lacking in Pliocene vertebrates, and, partly,
to obtain some additional light on the fauna of the Great Plains
region in Lower Pliocene time, with the purpose of establishing a
broader basis for the correlation of Continental Interior and Pacific
Coast Tertiary deposits, In both respects the expedition was thor-
oughly successful, which T attribute, in large part, to the enthusiastic
support of my assistants, Messrs. A. C. Whitford, of Lincoln,
Nebraska, and Mr. Charles Barner, of Agate, and to the kindness
of our temporary neighbors, the various ranchmen on whose ranges
the bonebearing depasits lie,

The Snake Creek beds were named and described by Matthew
and Cook, and reference should be made to their paper for details
not brought ot in the pages which follow. The four exposures
worked by the Princeton party lie within the limits of the Whisile

L% A Pliccene Fauna from Weslern Nebhmska ' Bull A, Mus, Nai,
Mist, N, Y, Vol XXV, Art. XXVIL, pp. $61-414, tgog

FROC. AMEN. Filll.. SOC., LIV, 317, F, PRINTED JULY 7, 1915



T4 SINCLAIR—ADDITIONS TO FAUNA OF FApsil ag,

Creek quadrangle, south of the sandhills on the divide between the
Niobrara and the North Platte rivers, in draws st or near the heads
of Dry Spotted Tail Creek, Spotted Tail Creek and Snake Creek, as
follows: Loc. 10004, T. 26 N., R. 55 W., Sec, 31 (N, E §);: Loc.
roool, same township and range, but in the southeast quarter of Sec.
337 Loc. 1000, T. 25 N, R. 55 W, Sec. 3 (S, E. % to middle of sec
tion) ; Loc, 1o00D, T. 25 N, R. 54 W, Sec. 2 (¥, [ 14). Of the
four, Loc. 1000C, to which the attention of Messrs. Whitford and
Barner was ealled by Mr. John Weir, lefore my arrival in the field,
was particularly productive, yvielding some of our hest whaterial,

The Snake Creek beds comprise unconzolidated, water-warn
gravels, clean, cross-bedded, round-grained sands sometimes
streaked with magmetic, and a mortar-like, gray-white material,
sometimes in angular fragments and sometimes in cobbles or boul-
der-like masses, resting with marked erosional unconformity on
the Middle Miocene Sheep Creek beds, Rolled pehbles of granite,
quartzite, etc., indicate water transportation from the crystalline
rocks of the mountains farther west, probably some of the sand is
windborne, but a large part of the Snake Creek matrix has not
been transported far and consists, sometimes, of sithangular frag-
ments resembling in appearance dried mortar, and, sometimes, of
gravels, cobbles, and lurge masses of more or Jess indurated ¢lay or
silt, evidently represented the harder portions of the Sheep beds
through which the Snake Creek channels were cut. Many large,
slightly rounded masses of Sheep Creek sedimment incorporated in
the Snake Creek sands and gravels are quite incoheremt and could
not have stood thorough saturation with water, not 1o mention tratis-
partation to any considernble distance. 1 think they were derived
from the caving of undercut banks along channels incised in the
Sheep Creck.  Water-worn fragments of silicified wood are com.
man, but are not necessarily remains of a forest contemparary with
the Lower Plocene faunn. Most of it, if not all, is renanie
materiil.

The stratification is lenticular, water-worn gravels giving place
laterally to cross-bedded sands and jumbled masses of elay boulders.
Either gravels, sands or mortar-ike fragnients may rest with clean
sharp contact on the eroded surface of the Sheep Creek, the irregu-
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larity of which is increased by Lind sliding occuring along the sides
of the draws where the exposures are found, but much of it is due
to changes in the clope of the channel-beds in whick the Snake
Creek deposits accumulated. Upward, the formation merges into
wind-blown ‘sands and silts which cover the prairie top, and it is
not always possible to distingnish between them, as bones sometimes
occur in the lower layers of the sand above the level of the typical
Snake Creek gravels,

Expasures, when found, are along the sides of the draws which
have cut down through the Snake Creek Beds into the ymder
lying Sheep Creek, and are usually more or less obscured by wind-
blown fand overgrown with grass and weeds; so that little in the
way of fossils can be seen uat the surface except an occasional weath-
ered bone fragment on the bare spots hetween grass clumps, Occa-
sionally, a larger ungrassed arex of smd and pebbles may show a
few horse teeth, a jaw fragment or twe or the ends of some broken
limb bones. All collecting was done by stripping off the suriace
sod and exposing the Spake Creek-Sheep Creek contact wherever
the greater abundance of gravel and bone fragments suggested the
presence of a productive “pocket " or lens of bote-hearing gravel.
If the preliminary prospecting seemed to warrant further excava-
tion, a large area was cleared and the bank cut back to a vertical
face which was worked by undercutting at the level of the contact
just mentioned. This was kept up until the productive gravel was
exhausted or the repeating caving of the heavy top burden of sand
made further work both laborious and dangerouns.

The bones are remarkably well preserved, mostly black or of a
dark color, and occur in both the gravels, sands aml mortar-like
conglomerate, becoming scarce as the sand gets elean or the number
of elay boulders and cobbles increases. They are all more or less
abraded, sometimes by water wear, at other times manifestly by
wind-blown sand,? and vary in character from rofled boue pelibles
to complete shkulls. Hardly ever is there association of adjacent
parts, Occasionally a remanie fossil, washed out of the Sheep

* The type skull of Protolabis princetonianus sp. nov. was found iy soft
sand, lying on the left side with the front of the skull tilted downwarl  The

arch and back of the skoll an the upper (right) mde are pured down to g
common level in o munner supggesting ranid-blasting.
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Creek, 15 found, but with this exception the bones seem to have
Leen introduced directly into the streams which transported the
Snake Creek gravel and, apparently, represent the fauna of the
immediate vicinity, as frail teeth and delicate skoll and jaw processes
remain unbroken, soggesting that the bones have not been moved
far. As will he seen by an examination of the Whistle Creek
Quadrangle, our collecting localities are somewhat widely scattered
and may not all represent the deposits of a single stream, possibly
are not all strictly contemporaneous, but as our large collection from
locality 1000C contains practically the same forms as are found in
the remaining less fossiliferons localities, there is every reason to
regard the fanna as a unit.  So far as determined, the Snake Creek
hieds have vielded the following association of forms, those marked
(A) being preserved in the American Museum, New York, (P) in
the Geological Musenm of Princeton University and (€) in the
private collection of Mr. H. J. Cook, of Agate, Nchraska.

Docs,

Amphicyen ammicela (A).
Amphicyom sp. imdet. (A},
FAmphicvon sp. indesc (£)..
Aplurodon Eaydeni ealidug (A))
Aelurodon suevuy secundus. (A).
dAreliradon cf. wheelerionus. (F).
Aeturadon sp. div. milet (A, F),
Téphrocyon hippophagus (A, P).
Tephracyon cf. temeraring ().
Tenhracyan cf, mafer (A, P).
Tephracson martifer (C),
Tepkrocyon sp, maj, (A, P).
Firvon sp. (A).

Civir-can
Fagnarisens antiguus ().

Musrerises,

Brachvpaalis puchyeephalus ().
Hrachypoalis  obliguidens spaov, (F).
Starier plares an, tov. (P).

Cars

Pacudalurus near dntrepidus (1),
Cat, non-machmeodont (),

Macluerodont ct, gen. inder. (4],
FFeliy ci. marimg (A),

RovexTs,
Mylaginlus cf. monoden {4,
Dipoides curtuz (A, F).
Bipoides tortwr (4),
Hyatricopr cf, vewnstior (A, PF).
Geomyy of. Dismliatug (A).

EpexTATES.
Mﬁnlunrdﬁul,-m. et sp, ndet. (A,
Rmrxocexoses.

Teleoveras sp. (A, P).
Aphelopy spu (A PY,
Flemopus wp. ().

Himses.

Archaohippus sp. (F);

Parahipgpus <f, cognatus: (A, ).
Hypohippus of, afinds (),
Hypohippus sp, (1.

Merschippus of, ingigniz (A, P).
.ir.:rsrﬁppu: close 1o rufimaring (P).
Hipparion of. gceidentale (A, F).
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Hippariew-gratum (A, '),

Hipporivn cl, affine (A, '),

Protahippus of. placidus (P, probably
A).

Protohippur tiear perditns (P, pril-
ably A},

Plighippus ef. mivabiliz ().

Plichippas sp div. (A).

Pettanrrs

Priosthennopr ci. crassigenis ().
Progthennops sp. (A, P).

OreonoNTa.

Myrychyus
(A
Merychyus (Metorcodon) profectus

(A, P).
Merychyus (Metorcodon) sp. (A, P).

FPronomotherium  siouense =p. nov.
).

(Metervodon)  relictus

Cauts

Pratolabis  princelenianas sp. wov,
(F).
Pliauchenta
(4, F).
Alticamelny procerus (A, P),
Alticamelus sp, div, (A, P).
FProcomelir sp. div. (A),

(Megatylopus)  pigas

LOWER PLIOCENE SNAKE CREEK BEDS. T

Axtatores- XD DEEs,
Dyomomerps whitfordi =p. nov. (P,
H) =
Drepanomeryy  falciformiz gen. et
wpontov, (F).
Corvus ap. (A, P).
Blastomeryr élegans (A4).
Blagtomerys cf. wellsi (A).
Meryeodius mecatior sabulawis (4, P).
Meryeodur of. wecatus (A, P).
Meryeadus sp, div. (4, FJ.

Baovims;
Neotragocerns inproviens (A, P
Bovid gen. indet. (<)

Rigon sp. (A).

M AsTODONE.
Gomphotherinm sp. (P}
FMiaxtadon sp. '(P).

Brins,
Aguila donanal (P34
Buten near forealis (P)A

Rermies.
Crocodile vertebra (P},
Lizaril jaws (F).
Huge land rorteise {4, #)-

Or Uxcertain Posmos.
Part of large mammal jaw ().

The collections obtained by the Princeton expedition have greatly

inereased the number of Miocene genera represeénted in the Snake
Creek fauna. Archaohippus excepted, Brachypsalis, Pseudalurus,
Pronomotherium, Protolabis and Dramoemeryx have species in the
Upper Miocene, distinet, bt not strikingly different from, their
Stinke Creek successors, rather increasing the close relationship of
the fauna with that of the Upper Miocene previously eommented
on by Matthew and Cook. Additional Pliocene elements are far
¥ Palicomerys ap. of Matthew and Cook.

# Represented in the Princetim collection by a fragment of the taren-
metatarsns, Determinatiuns by Dr. Loye Holmes Miller.
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less abundant Perhaps the new hormed artiodactyl, Drepanomeryx,
presenting a type of horn-core not hitherto known in North Amer-
ica, and a mastodon apparently allied to Mastodon americanus, may
be regarded as belonging to this category. The conception of ald
and new faunal elements should not be unduly emphasized, because,
4s our exploration of the Snake Creck beds plainly shows, we do
not yet know the extreme upward range in time of a number of
Upper Miocene genera and can merely say of the new, supposedly
Pliocene, forms that this is their first appearance. A suggestion
regarding climatic conditions may be found in the presence of eroco-
diles and huge land tortoises, the latter rivalling in size those of the
Galapagos Islands, indicating, perhaps, that the approaching chill
of glacial times had not yet exterminated these cold-blooded types,

DESCRIPTIONS OF NEW GENERA AND SPECIES.

AELURODOK sp, compare WHEELERIANUS 3

The feft ramus of a lower jar with Py and my and alveoli for
the remuining teeth (No. 12068 Princeton University Geological
Museum, collecting locality 1000C) is referable to an Aelurodon of
about the size of A. wheelerionus, from the type of which it differs
in the greater length of py-my , the shorter jaw and the closer crowd-
ing of the premolirs. It is either too small or too large t0 be re-
ferred definitely to any of the described species of Aelurodon, but
i5 hardly complete engugh 1o be made a new specific type.

Froo 1, Aeluradon ap, compare whecleriunus?, loft ramuy, side view, Mo,
12068, two thirds tataral size
FAMPHICYON sp. indesc,

A huge canid, possibly an undescribed species of Amphicyon,
is represented in the Princeton Snake Creek collection by the right
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ramus of the lower jaw, an ulns and some other bones, of which
the lower jaw (No. 12078 Princeton University Geological Museum,
collecting locality 1oooC) is here figured to give some idea of its
size and proportions. The fragment retains alveoli for the canine,
four double-rooted premolars and the sectorial molar. The first
and second premolars are separated from each other by a short
space, and from the canine and first molar by long diastemata, whlie
the rest of the dentition is in close series.

Fin. 2. Pdmphicyon spe indee, No. 1208, right mamns of the lower jaw,
side and top views, onc hall natural size.

BRACHYPSALIS ORLIQUIDENS Sp. NOV.

Type No. 12070 Princeton University Geological Museums, col-
lecting locality 1oooC, the left ramuis of the lower jaw with ps-my
and alveoli of the canine and first premolar (Fig. 3). This is a
decidedly larger, deeper-jawed, heavier-toothed species  than
Brachypsalis pachyeephalus, with the anterior premolars placed
very obliquely to the tooth-row and all the teeth closely crowded.
Tt is of about the same size as Paroligobunis (Brachypsalis) sim-
plicidens from the Lower Harrison, but has a larger second maolar,
a slightly larger sectorial and more closely crowded, obliquely placed
anterior premolars.
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Fic. 3 HBrachypsalis obliguidens, lower jaw, type specimen, external view,
onil erown view of the teeth, both natural siee, No. 1200,

MesivarmEnTs,

A, PrE s nsonmasiman yiownssesvesssssssssssin =hH
Letgth, PrpPs versverrsssnrapitnncrarnenansisnssnany 32
Length, tnr-mg.ccccii o irrrannnrarrorasoncessae 3

p’ e R g}ixﬁ
Pl isidniidssanalenmmanm it st asnssnenes asbnss s IIX?
e o o 174 % g
Ml shcacicnsanpanmassnsrd B@nasEbsersrrrenymessssesses ﬂ'){?}ﬁ

MARTES GLAREE sp. nov,

Type No. 12071 Princeton University Geological Museum, col-
lecting locality 1000C, the left ramus of the lower jaw with py, ¢
and my and alveoli of the canine, py, ¢ and my (Fig. 4). In size,
close to the type of M. ogygin Matthew from Horizon E of the
Upper Miocene of Colorndo, but differing in the presence of Py
(represented by a small alveolus), the slightly larger, maore laterally
compressed py which lacks a posterior accessory cusp as in ogygia
and some existing species, the presence of this cusp on py (only
slightly less developed than in specimens referred to M, americana
with which comparison was made), and the larger heel on my. In
hoth M. ogygia and M. glarea the metaconid or my is more sharply
separated than in specimens referred 1o M. americana whicl T hiave
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examined. M. minor Douglass from near the bottom of the Lower
Madison Valley Loup Fork beds and M, furlengi Merriam from
the Thousand Creek beds, Thousand Creek, Nevads, are smaller
forms, while M. parviloba Cope from the Middle Miocene of Col-
orado is a larger animal than either ogygia or glirew, and M.
( Putorins) nambianws from the New Mexican Loup Fork has a
shorter jaw than either of the species just mentioned. Tt is ap-
proached in size by specimens in the Princeton University osteo-
logical collection referred to A, americana, hut differs, in addition
{0 the characters cited ahove, in the larger heels and heavier an-
terior basal ledges on the premolars and the greater degree of lat-
eral compression of these teeth.

Fro. 4. Martes glares, lower jaw, type specimen, external view aml erown
view, of the teeth, twioe natural siee, Noo 12071

MEASUREMENTS,
Length, Pyt eeseeonsressseascsrannrnsrasssasarsss 17
P‘l rEATEIFESAREAYSEEEFET Ty masRA iR didakdlmiRnnS SR SK:
A A T W e = R T T sHW 2t

PSEUDAELURUS niear 1NTREPIDUS Leidy.

The presence in the Snake Creek fauna of a cat not far removed
from Pseudaclurus intrepidus Leidy is indicated by @ jaw fragment
No. 12081 Princetonn University Geological Museum, collecting
locality 1000C, which agrees with Leidy's type fairly closely in the
dimensions of the jaw, but differs in having the teeth i little smaller
and the posterior accessory cusps and heels on the premolars less
strongly developed. A further difference, which may he of little
importance, is found in the position of the mental foramina which,
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in . intrepidus, vceur below the alveolus for py and the anterior
root of py Tespectively, while in the Snake Creek form they lie
below the posterior root of py and 3 httle in front of its anterior

root, The alveolus for py is quite small and must have supported
a minute vestigial single-rooted toath,

o~ x ol F PE,

Fia 5 Prewdelnrus near intrepidus, lower jaw, right side, No. 12081, natural
SiEe

FeLip gen. et sp. inder.

A large non-machzrodont cat is represented by a fragment of
the left mandibular ramus No. 12073 Princeton University Geo-
logical Museum, collecting locality 1000A, in which are preserved
the alveoli for three incisors, the base of 4 very large laterally flat-
tened canine and alveoli for two premolars, 3 very small single-
rooted py and a large double-rooted py.  The chin is not flunged
but the symphysial region projects a short distance below the level
of the lower border of the jaw.

Fiz 6 Indeterminate felid, fragment of the lower jaw, lelt side, lnteral view;
No, 12078, natursl size.
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EpENTATE ( PMEGALON ¥CHID),

A single imperiect claw, * definitely recognizable as of Gravi-
grade relationship” and comparable * with some of the smaller
Megalonychidie " is reported by Matthew and Cook from the Snake
Creck beds. Further confirmation of the presence of cdentates is
iound in a navicular bone (Fig: 7) unquestionably of a Gravigrade,
nbout two thirds the size of the navienlar of Megalonysr jeffersoni
and of much the same general type, obtained by the Princeton ex-
pedition at collecting locality 1o00C.

Fie 7. Navicular hone of gravigrade edettnte, upper and lower views, two
thirds natural size, No, 1207,

MaszTODONS,
Mustodons of two types are indicated in the Princeton Snake
Creck collection by several complete malars, most of which seem

Firo. 8. Gemphotherinm sp., tght last lower molar, one half natural size
Na, 120ty Prioceton University Geological Muoseum, culleeting locality 1000 A,
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referable to Gomphotherinom, with a last lower molar carcving fonr
cross-crests and n heel and hoving the mtervening valleys blocked
by large accessory tubercles (Fig. 8), A spmller form (Fig, 9},
also with four cross-crests amd a heel in my, hus the summits of the
crests much more acute than in the Gomphatherinm type and the
villleys as free from accessory tubercles as in the corresponding
tooth of Mastadon americanus 1o which the Snake Creck form is,
possibly, related.  Accessory nidges occur on the front and rear of
the external half of each crest, but are no more strongly developed
than m M. americanns, The last lower molar of the latter does
not decrease in width posteriorly as rapidly as does the tooth here
considered, but in other respects they closely resemble each other.
The erown is unworn amd there 15 no trace of cenment,

Fio. g PMastodon sp, left kst lower molar, two thirds nuiursl e
No. 12116 Princeton University Geological Museum, callecting locility 1000 A

InceRTE SEnts,

A fragment of the left ramus of a lower jaw, No. 12001 Prince-

tont University Geological Museum, collecting locality 1o00A_ has
not been determined generically (Fig. 101, The spsinien shows

alveoli for two incisors and part of the root of & third, The first

alveolus is very large and shallow :nd the second parrow and teep.
The fragment of the root of the third incisor is stronply compresaedl
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laterslly and almosi quadrangulir in cross-section. These are fol-
fowed after an interveming space, throughout which the dental
margm of the ramus is broken, by a small, single-rooted, conical

Fic 10, Grows incert, 30d. Noo 12091, & fragment of the left mmuos of the
lower jaw, moter side, two thirds natural size.

tooth with emamel-covered crown. A second dinstema, with un-
damaged margin, separates this tooth from the anterior root of a
latge, evidently deciduous tooth, beneath which, in the jaw, is the
cavity for a still larger permanent tooth.  The oot of iy seems o
have projected into this eavity ‘where it has been truncated by ab-
sorption.  ‘The symphysis is firmly fused, a small portion of the
right ramus adbering to the left one and showing part of the al-
veolus for the rst incisor of the right side.

MuasukEMENTS,
by, muteroposterior diameter of abveolus (approximatel ...-.. =
iy, transverse dimmeter of alveolus (approximate) --... S 184
iy anteroposierior dimeter af alveolis 1:\.|Imummau"l ...... 12
iys trangverse diameter of alveolus {approximate) ... a9
in anteropisterior diameter 0 POOE oo cceiiiainisiiiniannes 16
|,. tranaverse dinmeter of FOOL . .iv.icvimmcniimmrnaaseranaes 0

Te, anteroposterior and transverse l:IIJIITII.'lI:l-‘i eI
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Length of diastema Be-dp ..o .. i niisiieie e neronsorsans 15
Depth of jaw below mddloof dp o.ooniiiiiiiioi oL 1y
Thickness of jaw at level of mental foramen ooo.icicvraainnr 43

ARCILEOIIFFUS =,

A small short-crowned py of the right side (No. 12128 Prince-
ton University Geological Musenm, colicting locality 1o0oB) agrees
in structare with the upper teeth of Archaohippus in the complete
union of the metaloph and éctoloph, the distinet protoconule, and
open prefossette, there being no anterior median enamel fold on
the wall of the metaloph. This horse has not been reported hith-
erto. from any horizon above the Middle Miocene Maseall beds of
Oregon,

MeasurEMENTS.
Greatest antevoposterior diometer |, . . reasensassannsawrms 13

Greatest transverse dismeter ......... T i T 1 |

ProxoMoTHEMIUM SIOUENSE sp. nov.

Type No. 12037 Princeton University Geological Museum, col-
lecting locality 1000C, the right ramus of the lower jaw with Pttty
and alveoli of iy-c. Tooth crowns worn, A smaller form than

Fro i1, Prowomotherium siouenge, lower jaw,
2 M.

I¥pe spechmen, external view,
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either of the better known Miocene species (P laticeps and P. al-

tiramis) from which it can be separated by differences both in size
and proportions.

MessunenExTs.
Tt O N e 0 s 8 B oo o o ] e o
Diepth beneath oy L ocverinenaens o
Lr e e e e e e - e
Depth benenth back partiof ‘i oocioii i seiiiiihisanas 55
Depili beneath lask'lobe of myoiceciviicareasiseasinsiosasans 94
Deplh coronoid $0 AORIE L .veerie s mm s e n g e 147
Length lower demtal series oo 0eieescrosrasnriosnansnaneay T3
Letgth lower premolar-molar seris .o ocoocaioooaiaiaias 123
Length Jower premolar 8668 co..oiiiiieiienaasanivassanniss 5O
Length bower molar 86089 4o iiuicissrsinisnansansnssnannnss 75

PROTOLARIS PRINCETONIANUS 1) HOY,

Type No. 12053 Princeton University Geological Muzenm, col-
lecting Jocality 1000C, an uncrughed skull, sand-worn on the right
side which lay uppermost, assoctated with most of the left ramus
of the lower jaw, a fragment of the right ramus and an ulna-radius,
The limb bone belongs to a camel it may not pertain to the same
individual as the skull. 1n size, there is close agreement with Profo-
labis longiceps Matthew from the Colorado Loup Fork (Pawnee
Creck beds), but a comparison of the two skulls brings out certain
minor differences which appear to be of specific value. In P. prinee-
tonianus, the anterior facial vacuity is far larger than in the Col-
orado form, with the premaxille extending above it and reaching
farther back than in that species. Another marked difference ap-
pears in the absence of an abrupt constriction of the face in front of
p2 which produces the sudden incurving of the tooth row seen in
lomgriceps in contrast with the gradual taper of this region in the
Princeton specimen,  Various differences in dental structures are
also noticeable, as follows: p¥ thicker and heavier and pA less re-
duced and with posteroexternal groove deeper than in P, longiceps;
pt, if anything, larger in longiceps than in princetonianus. Lower
premolars somewhat less reduced and molar crowns somewhat
higher, and posteroexternal groove in py placed nearer hinder end
of tooth than in longiceps; py with distinet anterior cusp which is
absent in the last pamed form,
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MEASUBEMEN TS

Total length of skull (incisors to condylesd ... oooiiiciinvias 30
Leagih, i9mf oediiiniseneivsriie i inseicss FigHt 195 left tog
Lengrh pamdiiicicerioanininanasnehssmsecass Fight 125 left o2
Lengih, premolar $6rdes ocie-eevrasnssmcaaaas right sois left 64
Length, dizstema behitnd by oociaerarcemnennas right 11, leit g
Length, iastemn belind € ooooviiviios, oannsns iR

Length, diastema Telind. pLl..ooocoioaiioos. . right 18 Jeft 20
Length; lower premolar-molar series c....iciiiiiivicrscicnieas 100
Lamgth, Jower promolars «ovee o irecirmssnsssrasnrynsausssnas 5§
Depth of jaw it front of pr.ccvervapoinsmssssisniassariarass M
Depth of jaw bBelow middle oF My .oicvirmmrarnarivinsrancas 40
Longth ‘of wadiog ..o A S casawi iasies 105
Width of radinl shaft at mididle .. oeneiiciiiariaciioeiioannis 24

DEEPANOMERYK FALCIFORMIS gren, ef sp. fiov.

Type No. 12072 Princeton University Geological Museum, col-
lecting lacality roooC, a horn of the left side (lacking tip) and the
basul portion of the right hom (Figs. 14, 13).

Fromtul not cavernous at base of borns.  Horns non-decidoois,
rising immediately above upper posterior margin of orbit, sloping
backward and upward and at the sane time curving nwarnd, at
liase almost circular, but flattening upward in the transverse piane
extending backward and inward from the orbits, producing a scimi-
tar-like structure which curves inward towarnd its fellow on the op-
posite side. Homs without any suggestion of twist, proximal half
comparatively smnoth and free from pits and irregularitics, such
faint groovings as are present being longitudinal.  Distally, and es-
pecially toward the outer margin, the suriace i rough and pitted,
but this seems to be due to sand-blasting or water-wear which has
destroyed the outer table of bone. A broad groove is visible
throughout the central portion of the shaflt on the posterior aspect
of the horn.  Homns solid throughout, the surface, texture reseni-
bling that of the Pronghorn Antelope.

No teeth have been found in the Snake Creeke beds which can be
referred, eveii provisionally, to the new form, unless those which
have been correlated by Matthew and Cook with their Neotra-
gacerns improvisns, and the lower jaw described under that penng
it the present paper. shoulid be associated with the cirvid type of
hom found in Drepanomerys rather than with the straight horms of
Nratrugocerus.
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Fie tg  Dreponowierys faleifornids, type specimen. lateral aspect of the
left horn, one hull natural siee, No, 12072 Jo'm, 0 i cross-sections = loteral,
metdan and anterior margins,
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Fi 16 ?Neotragocerus improcisus, left ramus of the lower jaw, side yiow, and erown view of the teeth, two

thirds materal size, No. 12106,

23
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NEoTAGOCERLS rupPRoVISTs Matthew anid Cook.

The left ramus of a lower jaw (No, 12106 Princeton University
Geological Museum, collecting locality 10000}, which is doubtiully
referred to this form, supports brachyodont molars which register
almost exactly with the upper teeth selected by Matthew and Cook
as paratypes of Neotragocerus improvisus. With the discovery in
the Snake Creck beds of scimitar-shaped horns { Drepanomeryx
gen. nov, ), presumably of antelope-like aninials, correlation of the
straight Neotragacerus type of horn with jaw fragments, hoth upper
and lower, supporting short-crowned teeth becomes even more pro-
visianal than it has hitherto been, since either type of horn is large
enough to fit an animal of the size of those 1o which the jaws be-
longed,

DrosoMERYX W HITFONM 8[1. nov.

Type No. 12054 Princeton University Geological Musenm, col-
lecting locality 1000C, an associated pair of horn hases (Fig. 17).
Paratype No, 12086 Princeton University Geological Museum, the
right ramus of a lower jaw, unassociated with the horns but from
the same collecting locality (Fig. 18). The species is named in
honor of my assistant in the field, Mr. A. C. Whitiord. Horn
lises about one thisd wider than in 7. borealie, with the posterior
upper corner of the wing-like expansion at the base of the harn

Fui 17, Dramnmeryr whitfardi, Lype specimen, base oF left horm, onter side,
two thitds Hatural sizo. One of an sisoeistod pair, No. 13034,
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sharply angular instead of a flowing curve as in D, borealis. Lower
jaw of practically the same size as in that species and dentition
not specifically separable therefrom:

‘The inclusion in the same new species of type material not
found associnted is most unsafe. In this instance it seems justi-
finble hecause the coliections made by two parties (American Mu-
seum and Princeton) have shown the presence of but one species
of Dromoneryr in the Snake Creek beds, the so-called Polepmieryr
of Matthew and Cook being undoubtedly Dromomerys and not
separalile Traom the new species here deseribed.

Fic 18, Drewowerss sohitfordi, paratype, right ramus of the lower jaw,
stile view, mnil crown view of the teeth, two thivds matural siee, No, 12086
The iistance from [i-myis 2 little greater in the crown view, owing to elimi-
nation in the drawing ni the fore-shortening due to enrvature of dental series,

MEASUREMENTE,

Widih of horn-base ncross middle of wing-like process ...... 73
Anteropostenior dipmeter of beam theee inclies above base ... 3o

Transverse diggeter of bexm throe ndies abiove base .- iie 95
Leguth, pymy mensured as chord of BIE -iicesssmassn=mnnens: (0D
Caimgtliy thysitly o liiuisessibahisibsnmsamsravenspazmmess==ray ot

Pys ROLCIOPoRtETIOT T2% FAOSVETEE oonreosarranmrnzomsranses g
Pui anteroposterionr 1455, ITRNEVETEE ... .. cessiesnisnnnirmenas

{her BliteTOpostETine 15, ITRIAVETSE «o.ioiiueararnimmmnsinss
f Anteroposterior 17, IFRIAVERSE |oiociameairmnianrrranns 14

my q,"nmp.gu[gfiur 10}4; TEANEVEFEE <= eensmspaamrmmsarrarrrs {3
LAY nmcmpmw.rinr 31 ITANGVETHIE suemmans T T e L I
Depth of Jaw hetgath fig -voecerrarmressssransessnsroeniae 3

Depth of jaw beneath My . oo oamoocsineraiarsmaiiassae 3L
Parsorros U dveesity, April, 1015



EXPLORATIONS OVER THE VIBRATI NG SURFACES OF
TELEPHONIC DIAPHRAGMS UNDER SIMPLE
IMPRESSED TONES,

By A E, KENXELLY axp H. O, TAYLOR.
(Read April 22, 19135

The following research was cartied on, at the Massachusetts
Institute of Technology, under an appropriation from the American
Telephone & Telegraph Co. during the ¥ear ig=1915, The ex-
perimental wiork was carried out at Pierce Hall, Harvard University.

The object of the investigation was 10 explore the amplitude of
the small harmonic vibrations of a circular diaphragm of telephanie
type, clamped around the edge, and to compare the observed val-
hes with those which had been alteady dedveed mathematically.
Hitherto, so far as we are aware, the amplitude of vibiration of a
telephone diaphragm has been determined only al one point on
the surface, usually the center,' The observations here reported
differ from those heretofore obtairied, in extending over the entire
surface of the diaphragms.

Exrromine Areagarvs,

The exploring device, or “explorer,” devised and constricted
for this research, consists of a tiny trianpular mirror fastened 1 2
little phosphor-bronze stirrup strip, and having its point applied,
by means of torsion in the strip, to the surface of the vibrating dia-
phragm at the point to he explored.  The natural frequency of the
mirror being much greater than that impressed on the diaphragm,
the mirror i alle to follow the vibrations of the latter, without
breaking out of contact. The pressure exerted by the mirror on
the diaphragm is so small as not materially to affect the diaphragm's
vibration. A beam of light, reflected from the mirrar on o a trane-
hucent scale, was thus set into vibrations synchronons. with, and

b See Appended Bibliography, Nos, 2, 4. 7v 9 .and ro,
s
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proportional to, the vibrations of the diaphiragm at the point of
contact,

The vibration explorer is shown in side elevation at Fig. 1, in
top view at Fig. 2, and in section, through center of the diaphragm,
in Fig. 32 A fairly massive rectangular brass irame holds a plate
sliding in grooves. The crank at the bottom of Fig. t controls this

I

e
ot & A b

Fio . Fio. 2

1

L 11

sliding motion, with the aid of the set screw at the other end. At
the center of the sliding plate is a cirenlar frame, into which is
clamped the diaphragm to be tested. The circular frame can be
rotated in its own plane by means of the erank at the right hand
of Fig. t.
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A stout brass bridge is fastened o the sides of the rectangrular
frame. At the cemter of this bridge is the mitror-holider shown in
detail at Fig. 3. The mirror-holder slides in a groove provided in
the bridge, and is clamped therein by a clamping screw 5. A fine-
motion screw 3 is also provided, for adjusting the position of the
mirror.  One turn of M advances the mirror o8 mm. ( 1/32 inch):
By means of an anxiliary mirror fastencd beneath the top of the
screw M, the angle through which the screw is advanced may e

SESTILAN | Faaoita

DA AE P
Fro, 3 APPARATUS rom ExPLsmng THE VimmaTioes
a0 T Tt o DiAFmmacme

measured, for calibrating the indications of the imstrument, Ad-

fustment can e made to 1 deg. of rotation. or 22l e ( :L—E‘ u:m.)

assuming that backlash is guarded against,
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The construction of the apparatus is such, that the mirror is held
at all times at the center of the brass rectangolas frame; while by
means of the two crank adjustments, the diaphragm to be explored
can be moved so as to bring any part of its surface beneath the.
mirror.  With the aid of the scales of distance and angle shown in
Fig. 1, the position of the mirror with respect to the diaphragm
can be adjusted and read off to polar codridinates (r. @), The
motion in r is contralled by the erank at the hottom, to o1 mm.;
while the angular motion in @ is controlled by the crank at the side,
ta 17, orless if desived, The slide |z held in position by flat springs,
attached to the rectangular frame, 5o as to keep the motion of the
siide confined to its own plane. A similar construction is used
with the cireular frame. It is important that the plane of the dia-
phiragm shall not be disturbed when either crank is operated. The
weight of the whole explorer 15 3.03 kgs. (102 1bs ).

A magnified view of the mirror, and its stirrup frame. 15 shown
at the top of Fig. 3. The mirror, of silvered glass, about 0.1 min.
thick, is cnt in the shape of an equilateral triangle, about 1 mn. in
length of side. One vertex of the mirror is applied to the surface
of the diaphragm, and the mirror is fastened with scaling wax
across a thin phosphor-bronze strip.  This strip is approximately
3 mum. long between abutiments, ooz mm, wiide, and 0.013 mm. thick.
The weight of the mirror is about 1 milligram, without varnish or
sealing wax. Its patural freqiiency of vibration, as olitained pho-
tographically, is abiout 2,500 —. These little mirrors. are apt to
beeak off the stirrup strip: so that they have to be renewed and re-
calibrated oceasionally. The pressure exerted on the diapliragm by
the point of the mirrar, as measured by an auxiliary test, is approxi-
mately 200 dynes (204 mgm. wi.). A pressure of this order seems
to be desimble, so as to obtain a natural freyuency of 2,500~
1f, however, explorations are confined to lower diaphragm ire-
(uencies, the natural frequency of the explorer mirror, and its pres-
sure on the diaphragm, may be reduced accordingly.

The diaphragm 1o be explored is 54 cm. in diameter, and %
placed in the cireular frame. Tt is clamped nghtly nto this irame,
with the ring clamp shown in Fig. 3, which had a radius of 2.02 cou
when no auxiliary clamping rings were used. The vibration explorer
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iz then suspendded on wires Trom the ceiling, or other convenient
support, in order to suppress building vibrations of lugl {requency ;
£0 as to support the explored diaphragm in a vertical plane, The

mirror-holder is then advanced towards the diaphragm, and clamped
by scréew 5. The mirror is now carefulh broopht mto contact with

the surface of the diaphragm by adjusting screw M, A picture of

the explorer is presented in Fig. & The sUspey

0T WIres FoT,

Fiz 4 Vibeation Explorer [n Bootlh

support the instrument., The condensing gl focusing leiis M
throws a narrow are-light beam upon the exploring mirror, which
reflects it on to the translucent graduated screen F. With the dia:
phragm at rest, the spot on this screen is a narrow, sharp, vertical,
luminous strip.  When the diaphragm i set in vibration, the mirror
in contact with it vibrates synchronously, and the spot s spread
into & lumincus band, the limits of which are easily read on the
gradunted translucent scale. 11 the motions of diaphragm and mirror
are simple harmonic motions, the luminois banid shows no diseanting:
ities of intensity,  If, however, there iz a comiplex. linrmonic moti
in the dinphragm, the lminous bag will show 1

wight amd dark
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patches, either quiescent, or with beats. By means of the optical
magnification of amplitude that can be effected with such an ex-
ploring mirror and scale, diaphragm vibrations of amplitude 0.0
(i, e, 10°* e ), ot less, can be observed ; although the precision of
measurement *falls off considerably, for a diaphragm amplitude
below 0.5 p (half a micron),

CIPTICAL SYSTEM,

The optical system employed with the vibration explorer is dia-
grammatically indicated in Fig. 5. The stereopticon arc-lamp A
throws a powerful condensed beam of light on the pinhele B, ina
hrass vertical screen. A ser of small powerfnl collimating lenses C
Serwwn eiihh Lereen iwith

i Nele e
Balppfeeen % Sui

- Soaie e i
Fic. & Disgram of Opticul System used with Vibiration Explorer.

throws tlie nearly paralleled beam through the screen and slit D, as
well as the focussing lens H, on the exploring mirror £, whence
il is reflected to the transtucent screen F, at a convenient distance,
in this case 25 em. An image of the slit in screen D is then sharply
focused at F. In Fig. 6, it is indicated geometrically that the ampli-
tide ¢ of the diaphragm’s displacement is equal to the continued
proditet of the observed amplitude d of the luminous hand, the ratio
of 1 (the radius arm of the mirror), to 2L the double distance of
the mirror from the screen, and the cosine of the angle ¢ between
the raditie arm of the mirror and the plane of the diaphragm, In
order to avoid frequent changes in &, it is desirable to keep con-
stant the zero of the spot at the center of the graduated scale T,
and with it the comtacting angle of the mirror. The numerical
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expression M = 2L /{cos¢ may be called the magnification-factar
of the explorer. As ordmarily employed, 2L =30 cm., [=a03
ern, ¢=43" approximately, or cos ¢==07; w0 that M= 1300
approximately, varying i different sets of measurements between

Daotted lines refer o
dzflected position of
diaphragm,

Fro. & Diggram Showing Agtion [wtween Mirror sl Dinphragm in Explorer.

800 and 1,500. Had it been necessary, this magnification-factor
might have been considerably increased, by increasing the distance
L between mirror andl ecale; although the reduction in lminous-
spat intensity, at increasing ranges, prevenis: the: precision’ of the
observations: from increasing in the same proportion as the magni-
fication-factor. At L =25 em,, the amplitode of luminous band
conld be read to 0.t mm. on the graduated transhicent scale F.

SouRcE orF 1iararAcM VimkaTions.

Two sources of vibrations were used in different series of 1ests,
(1) acoustic. (2) electromagmetic, .
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(1) The acoustic vibrations were supplied from one of a series
of small organ-pipes; giving fairly simple musical tones between
of 128 ~, anid C, of 2,048 ~. The organ-pipe selected was mounted
vertically in @ block on the table, at the back of the vibration ex-
plorer, and supplied with air at constant pressure {nbout 18 cm. of
water) from a pneamatic tank. The whole apparatus was placed
inside a sound-damping wooden-frame booth (274 cm. X 183 cm. X
214 em. high), lined on the inside with hair-felt, 2.5 cm. thick, sur-
faced with thin cloth, The observer, after turning an the air to the
organ-pipe, observed the amplitnde of the luminous band on the
wranslucent screen F, Figs, 4 to 6, as the mirfor was applied to
different successive points on the diaphragm.

(2) The clamping ring of the diaphragm in the explorer was
chosen of such dimensions that a standard telephone receiver conld
be substituted for it. In this case, a <teel diaphragm had to be
employed. The telephone was then operated by a feeble measured
altermating current (2.0 milliamperes) obtained from a Vreeland
merenry-arc oscillator having a fregquency adjustable, by successive
steps, between 430 — and 2,500 —.F

TExrerowations wiTh DiaraRAGM No 1.

Diaphragm No. 1 was telephone-receiver diaphragm of steel,
japanned on one side.  Trs dimensions are given in Table 111, The
disphrgm was clamped, around the boundary, between opposing
circnlar knife-edges.

TARLE L

Visgamox AMrnivomes oves DiArmeaiu Na. 1, ar Fieguexey Gof~, R
Niwe Drrremesct Azisusna @, axo Seven Dirreiesy Ramar Thsvascesr,

“g:,ﬂ“ W[tk Anagiljimie Olusered with Explioss { Micrems) a1 ikfessaig A eleminks @,

i, | ———— — — - T i

R o | o B [T e o g Lo o
(& » - - M = |l m» " - "

—ao8 | 1 iy | 4o 13-4 0.4 T8 33 128

4031 7 1.0 b3 | i3 v X 0.3 10,6 t3.0 L0
+o.00 0.7 Rin Bo 1o | Teed % A= 118 03
+1.0f LA 5.0 by | 6.8 7o 6.z [ | 78 &k
+1H 12 FE] q2 &7 45 4t 42 49 ¥a
4y B2 a3 3 2.1 .5 2.5 2.3 2.4 F N L]
43,30 0.9 ok 05 | Bg og 0.7 oy op | o%¥
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An organ-pipe of 1Y, (608 —) was set up with its lip 5 em. from
the back of the diaphragm. An exploration was then made over the
suriace, at points differing by 40° in azimuth 4, and at successive
increases in radius of about 3.3 mm. (7 steps in », and g steps in §,
or O3 observations in 4ll) The preceding table gives the ohserved
amplitudes of vibration deduced from the scale-deflections; with a
magnification factor of M = 1,180,

It will be seen from the above table, that at any particular
radius r, measured from the center of the diaphragm, the amplitudes
at varying azimuths @ are substantially equal. The irregularities
are small, but nevertheless seem larger than can be neccounted for
by errors in observations and are, perhaps, due to irregularities in
the diaphragm. Fig. 7 shows the contour lines of vibration-ampli-
tude in microns, the maximum amplitude being at or near the
center, and amounting to 14u, Such vibration amplitudes are
larger than were usually obtained, and were specially renforced in
this case, in order to secure large deflections. Tt will be seen from
the contour diagram, that the diaphragm was vibrating with its
fundamental or gravest mode of motion; i. e., a2 motion to-and-fro
as a whole, without either nodal diameters or nodal circles. It is
known that a circular diaphragm, climped at the edge, is capable of
vibrating in an indefinitely large munber of ways, according to the

_,..r""-._.—_\_\- oy i T

Fig 7,

Fio 8,

ViswATION  Asm i Tiite ViemaTion AMPLITUDE
[} I;I:;:MN! N MICROND,
b

2hoar
Diarnmanes Nal, I.imr*nn;f';t-l Mo.l.
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number of nodal circles, and also according to the mumber of nodal
diameters present.®

A similar exploration was made over the diaphmagm, with
acoustic excitation from an organ-pipe giving C, (2,100 —). Here
the points of observation were in steps of about 3.3 mm. in r, and in
steps of 40" in & as before, with magnification-factor, M —=1,265.

TABLE 1L

VmaTmx Asrorroies ovis Thaemeacu Noo 1, ar Fregusscy 3100— Foit
Nizve Dirrerexy Azmvoris § axp Sevex [ireetest Raoiae DisTaxces.
r, Frve Osiy Givise Heanasie Destectioss.

Sarliad | Vikwmabon Ampliiinde {(Maerrsd, with Explover, si Diffecens Adwus §
R - . 1 -
. |I o | o - e b =" 2y b e o
am. - - - | - ] [ - [ -
=008 | 070 | 083 mas G5 0.R7 | g 005 wEy 0.05

<031
4adn | wbz a8 | 058 aby | oby of8 | u.62 0.6 o.78
+noh | 031 s ] 0,30 0,25 0.30 L ] .15 .50 oz
+rad | ouh ot Aty o8 o8 a.n8 .08 008 "33
+r8 | — — —_— | = — s — | —
+ra | —

+2.34 (] L] (1] [ o L] i ] o

o0 o.87 a:83 58 [} O 0,87 R a.By

The vibration contour-lines for this case are given in Fig. 8
Here again it is seen that, setting aside irregularities in the dia-
phragm, and allowing for errors of olservation (which are more
noticeable with the small amplitudes of higher piteh), the mode of
vibration is essentially fundamental, since there are no perceptible
nndal ¢ircles or nodal diameters,

Having thus ascertained that both at piteh DY (608 —), amd at
E:L2m$~}. the first mode of vibration was presented, a series
of careful explorations were made at a number of intermediate
pitches.  These likewice all showed the first or fundamental mode
of vibration. See Table 114,

Cibservations were also made, at organ-pipe frequencics down to
128 —.  Explorations would be very difficult to obtain on this
diaphragm at such low frequencies, owing to the small vibration
amplitudes produced : but the indications were that the fundamental
mode of vibration was maintained throughout.

3 See Appendiz 1.

FROC AMTR. Pl S0C., LIV, 317, M, risTun JULY B, 1925.



106 KENNELLY-TAYLOR—EXPLORATIONS OVER  [Apeli 23,

The conclusion, therefore, seems warranted that, for this par-
tienlar steel telephone diaphragm, acoustically excited 1o frequencies
as high as 2,100 ~, the fundamental mode of vibration i< the only
one that is maintained. If any higher modes of motion were
present, they were too faint to be discerned. This does not mean
that higher modes of motion could nor be produced by any kind of
excitation within the above ranges of frequency. The effects of
very powerful vibrations were not investigated.

Since the natural frequency of this diaphragm, with flat clamp-
ing, was observed to be n,=—824 —, and since, according to Bessel-
Function theory, the natural { reguency of the second mode of mo-
tion  should be z.m}u,: we should naturally expect to find this
second mode of motion appearing at and alove 720~ Tts non-
appearance may have been due 1o the uniformity of acoustic im-»
pressed force over the surface, which would tend 1o favor the first
rather than the secand mode of forced vibration,

The vibration-amplitude of the diaphragm was found to vary
widely with the pitch of the exciting source. At or near the natural

TABLE 111

Stowike Fustaserrarn Mome or Vimoamios Markerareend yob 4 Rasae or
or Freguasctes ros 300~ 1 1Boo ~—.
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fundamental frequency of the diaphragm, the amplitude of the
vibratory response was o maximun.  Fither aliove or helow this
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resonant frequency, the amplitude of vibration, shown by the ex-
plorer, fell off very markedly. The curve of relative amplitude at
different frequencies is indicated in Fig. 0. It will be seen that
when exciting the diaphragm with vibrations remote frorm the
resonant frequency in either direction, the amplitude becomes so
small that the degree of precision which tuay be obtainabile near
resonance is impossilile o secure. The outline theory for this
resonmnce curve, Fig. o, is given in Appendix 11, It is shown thit
if we multiply the successive ordinates by w==2=n, the resulting
velocity-valttes correspond to vector chords on a certain velocity
circle,

Fig. 18 of Appendix . gives the graph of the explored vibration
amplitudes, at successive radial distances from the center of dia-
phragm No. 1, for the frequency 896 ~. Tt will bé seen that the
amplitude falls off smoothly from a maximum at or near the center
(r=0), ta zero at the fat-clamped edge (r==2.62). The apgplica-
tion of Rayleigh's theory of free vibration fo these curves is given
in Appendix L. In general, the agreement between the aconstically
forced amplitudes anid theoretically computed free amplitudes was
satisfactory,

At or near the resonant frequency, or natural frequency of a
diaphragm, especially when its damping coefficient is smudll, =0 that
the rescnance is sharp, a small change ¢ither in itmpressed frequency,
or in the constants of the diaphragm due to change of remperatire,
niy have an appreciable influence upan the amplitude of viliratinn,
In other words, although the observed amplitudes are relatively
large, and the precidion of measurement is seemingly high, yet the
systemn s in'a virtually unstable condition. Consequently, although
there is no reason to suppose that the conditions at resonance differ
from those off resonance, nevertheless, when a reliable and repro-
thucible sct of observations of amplitude distribution is desired, it is
-advisable to seleet a frequency not too close to resonance, or say of
about half the resonant amplitude.
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Arprication oF Circvrar Vecoorry-Diacras THEoORY 10
Resvrtrs oF EXPLORATIONS.

It i= shown in the frst-approximution theory of Appendix IL.,
that the behavior at the center of a flat-clamped circular diaphragm,
subject to constant vibro-mative force of varying frequency, can be
completely predicated, if thrée constants of the diaphragm are
known ;* namely,

(1) the " equivalent mass” m (gm.},

(2) the elastic constant r (dynes per cm. of displacement at

center),

(3} the mechanical resistance r (dynes per unit velocity at

center ).
All these three constants ¢an be obtained, for an acoustically exeited
diaphragm, with the aid of the vibration explorer.

DETEXRMINATION OF i,

In order to determine the equivalent mass of a diaphragm, it
is necessary to know the distribution of amplitude over the entire
vibrating surface. As ix shown in Appendix UL, when the dis
tribution of amplitule conforms regularly with the Rayleigh
formula, it would appear that the equivalent mass iz 0.183 times the
mass of the circular vibrating plate.  1f, however, the distribution
of amplitude is irregular, such as may be produced by bipolar elec-
tromagnetic excitation of a telephane-receiver dinphragm, the coeffi-
cient 0.183 cannot be depended upon, and the proper coefficient must
be determined by some process of quadrature, such as Appendix
L11. deseribes,

Tuge Erastic COXSTANT 5.

The constant s is the inferred elastic resisting force, which,
acting perpendicularly upon the dinphragm’s equivalent mass (at its.
eenter), would produce the same effect upon the vibratory motion
as the distributed elastic forces produce upon the diaphimgm’s dis-
tributed mass, in the presence of the particular impressed foree
distribution. The simplest way to find £ is 1o measure the natural
fundamental frequency n, of the diaphragm, by exciting it with an

§ See Rililiography No. B
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organ-pipe of adjustable pitch, tuned 1o produce the maximum vibra-
tory amplitude at the eenter.  As shown in Appendix I1,, the con-
stant s is then the product of the equivalent mass m and the square
aof the resonant angular velocity o,

A series of statical measuremients were niade, by applying small
tensions f,, by means of a calibrated spring, to the center of the
diaphragm, and ohserving, with the aid of the explorer, the central
displacements ., therehy produced. Tt was found, sz might be
cxpected, that the ratio of f, to w, was constant, so long us the latter
did not exceed 185 Moreaver, the value of 5 obtained from f, /2,
was approximately the same as thar obtained from formula (9),
App. 11, This static method of finding 5, however, is inferior to
the resonance method, because precise static measurements are
difhicult 1o obtain.  The application of electro-magnetic excitation
to a-steel diaphragm also imposes residual stresses, which make the
use of the static method mreliable.

Tue Mecuaxicar Resistaxee r

The constant v was measured, with the explorer, by photograph-
ing the decay curve of vibration amplitude on 4 moving phato-
graphic film, when the diaphragm was tapped at the center, ani
allowes to return to the equilibrium position under its own damping
forces. It is shown in Appendix 11, that the resistance r is twice
the natural frequency multiplied by the equivalent mass and the
logarithimic decrement. Fig, 1015 a tracing from o photograph of

'@Wm

Fis, o Tracing from Mhotegraph of Docay Curve Diaphrudmg No, b,

the curve of decuy. A small camern, represented in Fig. 11, was
set up in front of the explorer, containing a photographic film
wrapped arouid a metal drom.  The drum was motor driven at o
peripheral speed of approximately 4 meters per secand, and the
shutter was opened it the time of tapping the diaphragm. The
logarithinie decrement of this curve is 0,184, at the frequency of
824 ~; so that with an equivalent mass w of 1.og gm. the value of
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r becomes 328 dypes per em, per-sec. The precision in meaAsUring
r by this method is relatively low, owing to the difficulty in measur-
ing the successive amplitudes with accuracy, on & curve of such
small dimensions,

Since, as is shown in Appendix IL, a circular diaphragm, i its
fundamental mode of motion, ordinarily develops a circular graph
of velocity, at varving impressed frequency, with constamt vibiro-

Fig.ll.
Sound -Wave Camera.

motive force, the plan has suggested wself, m the course of this
research, to use the circle-velocity diagram of a dinphragm for com-
parng the vibro-motive forces (vini.'s) of different organ-pipes.
In this connection, the vmi. of a pipe at the exploring diaghragm,
may be defined as s harmonically varying pressure [= Few!
(dynes) produced, at the diaphragm, by the pipe, utider the geo-
metrical conditions of the system, including acoustic reflections from
willls, or other objects in the room, on both surfaces of the explor-
ing diaphragm. In the simplest, or standard, peometrical condition,
the standard vmf., which is proportional to the square roat of thi
sound intensity® at the diaphragm, would he observed in free space,
with the arifice of the pipe facing the diaphragm at a definite dis-
tance, and with the diaphragm perpendicular to the line joining
them. [t is our understanding that there is, as yet, no simple pub-
lished method of measuring the vmf. of organ pipes, of different

» Billiography & Barton. ™ Text Book of Sound,” . 211, par, 146, Mag-
millan Co,, 1008,
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sizes or pitches, at a definite distance from their orifices, Ili,ina
given geometrical environment, pipes of different pitches are set up,
i succession, at the same position with respect to the exploring
diaphragm, then the observed amplitudes, multiplied by the respec-
tive values of o, should He on the velocity circle-diagram, if the
vimi.’s of the pipes are the same; assuming that the fundamental
mode of vibration is produced. that the constants of the diaphrugm
remain unchanged, and that the overtones of the pipes are negligibly
small. The vector departnres from the circle diagram would then
indicate the inequalitics in vmi.'s.

Q

#i% Resamance Frequents

q e e e i e - i i i L i S

frsy)

Fra 12 Diagram Showing Strengths of Organ Pipes Given by the Vibeatlon

of o Diaphragm,
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Fig. 12is an inverted velocity-virele diagram for Diaphragm No,
1, based upon ity measured values of o, rand £ 1§ we take the
diametral velocity OM as 5 cn per sec., with r=328 dvnes per
e /sec, then the vl which, in the particular environment of the
experiment, produced this velocity, would be 1,640 dynes, maximum
cyelic value.  The particular pipe G,(7092 — ), gave an observed am-
plitude at the diaphragm center, which, multiplied by w=2= % 792,
gives the line OG, along the chord OF. The phase-angle a miust e
obtained by considering the mechanical reactance as in (4), App. 11,
Lf the vni. of this pipe were the same us that which produced OM,
this pomt G, would lie on the circle, Consequently, the vmf. of the
pipe G, is 1o that of the pipe producing resonance, in the ratio
Ot /OF, Similarly, the vmi. of the pipe &} (832 —), is less than
that producing the resonant velocity, in the ratio OG, JOR. 1t is evi-
dent that 1he range of any one diaphtagm, for the precise companison
of vmi.'s From organ-pipes of different piteh, is samewhat limited. . In
the case presented, it would not exceed one octave, smee the chorids
fur from the resonant diameter bécome so short. By sclecting 4
diaphragm of relatively large damping constant A=rt/2m, this
munge can be increased, In fact, the range in » between the quad-
rantal points 0" on the velocity cirele, is numerically equal to r/m,
or twice the damping constant.

A suceession of calibrated dinphragms with overlapping ranges
might be employed to cover the musical scale. Thie writers have
not attempted to compare organ-pipes for standard vind, in this
manner., The measurenients might have to be made out-of-doars.
In the sound-absorbing room in which this research was carried on,
the effect of sound reflections from walls and other objects pre-
vented any standard comparisons of vinf, from being made.

ExrropaTions wite ELrerapsacNeETicanLy Excrren Diarimeacss.

In order to ascertain the effécts of exciting a steel diaphragm
(No. 2) clectromagnetically, a No. 144 Western Electric Bell tele-
phone receiver was screwed into the explorer, behind the dinphragm,
50 as to obtain the ordinary air-gap between the diaphragm and ns
two poles. The eap of serew-gover of the ordinary telephone re-
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ceiver was here absent. Alternating current of 2 milliamperes
(root-mean-square) was supplied from a Vreeland oscillator, giv-
ing a close approximation to a pure sine wave, amd in connection
with a Rayleigh bridge. for the simultanicous measurement of both
the resistance and inductance of the telephone receiver, at 32 fre-
quencies varying between 420 and 2,040 ~. Explorations were

VisraTion CONTOURS
DiIAPHRAGM No.2.

Fia.13.

madde at two frequencies: one, the resonant frequency of go2 —,
am] the other slightly below this, or 074 ~. The contour lines for
the latter case are presented in Fig, 13, where the outlines of the
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two magnetic poles are indicated in doted lines. Tt will be seen
that while the mode of motion is essentially fundumental, the ampli-
tude is not 3 maximum at the center, as in the ordinary acoustic
case. The maximum amplitude of 2.0 is reached in an clliptical
loop embricing the pole at the top.  Inside this loop, and inme
diately over the pole, the amplitude falls off to 1.8u. Over the
pole wndernmeath, the amplitude is about 17 but there AppeErs to
be a shight diminution between the poles. 1§ the geometrical and
magnetic conditions: of the bipolar systens were periectly sym-
metrical, these dissymmetries would presunmbly disappesr.

The eurves of mean amplitude against radial Gstpes are pre-
sented in Fig, 140 The eurve 441 corresponds 1o that found at
resonance, anil shows that the amplitude i far from being a omxi-
mum at the center of the diaphragm, owing 1o the attractive forees
being established over polar areas on eacli side of the center. The
coefficient of equivalent mass for this cutve is over 0.3

The curve ABRB gives the corresponding distribution of ey
azimuthal amplitude for the frequency of 974 —. The swelling
of the amplitude over the poles is less marked in this case, aml does
not materially exceed that at the center. The equivilent mass co-
efficient for this curve is 0.36, or about double that for the Rayleigh-
Bessel vurve case, which is indicated by ADD. The eurve ACC
gives the distribution of mean amplitude in dial distance, Tor an
pther steel diaphragnm (No. 3) in a bipolar telephone receiver, ny
the resanant frequency of 1.020 —.

For both steel diaphraens Nos, 2 amil 3. a setics of central
amplitude measurements were made, with the explorer, nt constang
alternating-current  excitation, hut adjustably varied frequency.
Simultancous measurements were made by My, H. A, Aftel, of the
resistince and inductanee of the telephone-receiver coils, with the
diaphragm both free and damped, The explorer measnrements i
hoth cases satistactorily checked the olectrically deduced velocity-
circle diagrams. Tt is proposed |o report upon the elecrrical meas-
urements in - another paper. Moreover, starting with {he ampli-
tircles, measured at the center of the diaphragm, in curves 4 and ¢
of Fig. 14, the equivalent masses of (he thiaphragms, computed from
the electrical measurenients, agreed, within a few per cent., wilh
those found by integrating corves A and ¢,



ELTEN SURFACES OF TELEPHONIC DIAPHRAGMS, 17y

TEsm PERATURE [FFECTS.

It was found that changes of temperature in the air surround-
ing o diaphragm had 3 markell effect, both upon its resonance jre-
quency, and upon its amplitudes at any frequency. The curves rep-
resenting @ against r, were apt to differ appreciably in otitline fram
day 10 day. The degree of tightoess of clamping also had a marked
effect in these measurements. In general, such disturbances due to
temperature and clamping, are likely 10 introduce tensions in the
stibstance of the diaphragmy, and to cause some of the charicteris-
tics of wibriting membranes to he superposed upon those of u wi-
hrating plate, It is, therefore, desirable that the clamping should
b eifected] tightly, and that the measurements shoulid then be niade
before the temperature has changed, Strictly spenking, the Ray-
leigh theary shows that there must be a marked difference in both
the resomance frequency and in the distribution of amplitudes, if
the diaphtagm is clamped between circular knife edges, instead of
between civeular flat rings at the houndary, The experiments have
shown that flat-ring clamping is more likely to give consistent re-
sults than knife-edge clamping. These clamping difficnlties are
accentuated in thin glags diaphragms, for the boundary supporting
of which, a special technique had 1o b develapes).

Expeoration ar Tuiy Grass Diarnuacss.

From a number of thin glass diaphragms, one Diaphragm No. 4,
was selected, on account of its uniformity in thickness.. See Table
111, Tt was found very difficult to obtain uniform results with
this in the explorer, owing to the above mentioned troubles with
clamping.  Finally, the glass diaphragm was cemented, with water
glass, to-a boundary ring of glass, and this was lightly supported b
tween the clamping rings of the explorer.  The diaphragm was
then excited acoustically by organ-pipes.  The uatural pitch of the
diaphragm was found to be jg2—, in the fnndamental mode,  On
raising the frequency, the mode of motion was found 1o change sud-
denly, at 968 ~, to that of a single nodal diameter, the two halves
of the diaphragm then vibrating harmonically in opposite phases,
This mode of motion continued yntil the frequency reached 1,606 ~,
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when the nodal diameter disappeared and gave place to a single
wodal cirele.  The ratios of the above three frequencies are 1:1.97 1
3.44; whereas; according to the Bessel-function theory, they should
be 1:200:391. The discrepancies may readily be accounted for
by imperfections in boundary support, or by lemperature effects,
Small changes in clamping were found 1o exercise a marked in-
fAuence on these ratios.

Losming oF THADNRAGM,

In the determination of m, v and s by electrical impedanee
measurements,® only two quantitative relations  between  these
three comsiants naturally present themselves; whereas, for the
evaluation of these three unknowns, three independent quanti-
tative relations must be experimentally obtained. It had been
hoped to derive the missing third equation, by applying a small
known load-mass at the center of the diaphragm, and by repeating
the electrical measurenients with this load in place. Electrical ex-
periments showed, however, that while, vecasionally, consistent re-
sults were obtained in this:way, more often the results were ilis-
cordant. The reason for the discordance bas been shown, from
explorations of the diaphragm, to be die 1o u distortion of the
amplitude curves: whereby the equivalent mass of the loamded
diaphragm is no longer the same us when unloaded.

‘These conditions are exhibited in the curves of Fig. 15. E
showi the o, r curve, for an unloaded telephonic steel digphrago,
excited acoustically at # =004 ~, its natural frequency being W=
832 ~. The corresponding curve F is for the same diaphragm,
after being loaded at the center by a stnall brass cylinder of 0.536
pmi, at n=7816 —, itz new natural frequency being , =006 =,
After increasing the lpad to 1.08 pm., the new curve is shown at
(=60 ~, n,=010~). The shapes af these three curves &
F and G, being so different, it is evident that the equivalent mass
of the diaphragm by itsell cannot be reparded as constant.

The authors are indelited to Dr. Geo, A Campbell for-a number
of valuable suggestions which he made after having read the MSS.
of this paper; aléo to Professor W. C. Sabine for very nsefnl sng-
gestions, during the course of the research.

& Bihkperaphy No, 8,
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SUMMARY.

1. The distribution of amplitudes over small eircular telephonic
diaphragms, wler simple impressed vilirations, has been measured,
it is believed for the first time; by means of 3 new and specinlly
comstructed. vibration-explorer.

2. The simple vibrations of the small steel éirenlar diaphrmgms,
used in telephonic receivers, appear o belong 1o the fundamental
mode, within the ordinary telephonic range of intensity and fre-
fuency up 1o 2000—~, with the distribution of impressed forees
here deseribed,

3. The explorations have confirmed the working theory of the
velocity-circle diagram for such vibrations, and have afforded means
of determining the three constants m, r and «, in that theory, for
acoustically excited vibrations,

4 In the resonant condition, exploration is somewhat uncertain,
owing to slight instability in the vibratory behavior of the dia-
phragm.

5. The distribution of forced amplitude at varying radial dis-
tances, has been found to compare well with the Rayleigh theary
of freely vibrating plates, when good flat clamping around the edge
can be secured, and with acoustic excitation. The coefficient of
equivalent mass appears to be 0.183 for such a case.  With electro-
magnetic excitation, the amplitude distribution may be very different
and the coeflicient is ordinarily ncreasedl.

6. Loading. a diaphragm with a small mass st the cefiter, de-
creases its natural frequency, and tends to reduce the amplitude of
vibration at the center, with a relative increase outlying points;
0 that the equivalent mass of the diaphragm, considered by itself,
is gt to be changed,

7. A means is suggested, based on the velocity-cirele diagram,
for comparing the acoustic intensities of argan-pipes of different
pritehies.

8. The distribution of amplitudes over the surface of a steel re-
cetving-telephione diaphragm, with bipolar clectromagnetic excita-
tion, was found to be of fundamental mode; bat with a tendency to
form two maxima, one over cach pole.

0. In some:small, thin, glass diaphragnis, three modes of vibra-
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tory motion were observed, in the range of acoustic impressed fre-
uency up 1o 1,700 ~.

TABLE 11L
Frar Crecvras Diapnnaous,
——— — -—
Thickamees ¥
Na, | Manesinl, |Dhmtu Cm. | lh:r ]:p-n. I Mass, Gm, | r":::;::__
| :ﬂdl japanned... .- | 54 ' o038 5015 | £24
= Speel japanned.. .. 3.5 | a.b1og £.070 003
3 Steel japanned. ... 548 a.031 #.18% 1038
4 |Chiss....._..c.is €y |  olonos 0.6548 || 403

Arrexoix L

Application of Bessel-Function Theory to o Diaphragm Fibrating
in its Fundamental Mode,

Referring to Lord Rayleigh's “ Theory of Sound,” Vol 1, page
352, the formula for the instantaneous amplitude of free viliration
in a flat plate is,

wa =P (kr) 4+ M (ikr) Jeos(nf + a.) -cos(w! +¢) e, (1)
where subseript n=the number of nodal dismeters (numeric),
fire = instantaneous amplitude at a point on the diaphragm whose
polar coordinates are r em,, f radians (em.)
P—=constant of amplitude-magnitude (cm.),
F=a constant of the material defined by :
k= ic fem. '),
=2 constant of the material defined by:

_ g o3

g == Young's modulus for the diaphragm material (dyne; cmit),
p=density of the diapliragm muterial (gms/jom.?)
— Poisson's ratio for the diaphragm material (pumeric),
b==thickness of the diaphragm (cm.),
A=a constant satisfying boundary conditions { numeric ),
J.=a Bessel's Function of the nth order (numeric),
i=y—1,
= Thickness of japan 000y4 enL
PROC. AMER. PHIL #0C,, LIV, 217 |, PRINTED JULY 6, 1QLS.
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a,=a phase-angle measured around the diaphragm (radians),
w==2=t —anpular velocity of vibrating motion (radians/see.),
n=rfirequency of diaphragm vibration (cycles/sec.),
t=time elapsed rom a given epoch (seconds),;
r==3 time-phase determined by the epoch (seconds),
a=radius of the diaphragm (cm.).

For the fundamental mode of motion, m==o; or there muost be no
nodal diameters. Consequently (1) reduces to:

wo = P Juolkr) 4 AJulikr}| cos (et 4+ ¢) cm. {2)

Here the amplitude of vibration at any point 1., ceases to he a func-
tion of #, and depends only on Bessel functions of r. Sinee we
shall consider only the fundamental mode of vibration in what fol-
lows, the subseript will be unnecessary, and we may substinte 1
for wh.

Continuimg Lord Rayleigh's method of demonstration, if a flat
circular diaphragm is clamped af itz edge between a pair of fat
circular rings, then, referring to (2), we have w vanishing at r=a,
the clamping radius, and since there is 10 be no bending or slope of
the diaphragm at the ¢lamped boundary, we have also (dw/dr) =0
at r=u,

Entering (2) with =0, we have:

Jitka)

N =) numenic. (3)

Also differentiating (2) with respect to r, for r=a, we obtain:

v = i .
3 E = Jy [kﬂ] +AJ(ika) = o numeric, (4)
whence
Juf (k) )
T _{n‘{,‘}&j numeric. (5)

Combining (3) and (5) we obtain:

N

Jutka) _ Ji'(ka) _ Ji(ka) ;
Tolka) i1 (ike) T id(ika)  Pumeric, (6)
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This is a transcendental equation involving Bessel's Functions: of
the zeroth and first orders. It is capable of leing satisfied, by trial,
with an indefinitely great number of roots, each corresponding to &
possible mode of vibration with nodal circles; Fig. 14 indicates
graphically the method of determining the successive roots of (B).
The points of intersection of the lower curve with the successive
descending branches, indicate the values of y=/kr which satisfy
(6). In order to have the fundamental mode of vibration, there
must be no nodal circles, which means that the first and lowest root
for ka must bie taken in (6).  This root is at ka= 3.166. . , . Plac-
ing this value for ka in (3) we have:

= Jo(3.196) _ _ —03197

A= Jlizaeb) 5730 = 4 0.05571 numeric. (7)

Re-entering (2] with this value of A, we have for the funidamental
mode of vibration of the circular diaphragm:

Waps = P11, (kr) 4- 005571) ,(ikr) ) em. (8)

In Fig. 18, the abscissas correspond both to kr, where b= .25 cm.t,

-and to rincm., the relation being as already pointed ont that at the
boundary = o= 2.62 em. and kr=3.196. The ordinates are the
numerical values of Bessel's functions as taken from Tahles. They
also represent vibratory amplitudes of the diaphragm, taking the
maximum amplitude at the center (r=0) in microns, correspon(-
ing to the heavy curve, The upper faint curve shows the graph
of the first Bessel function Jo(kr); while the lower faint curve
shows the corresponding graph of A times the second Bessel fune-
tion, or 0055710, (ikr). Adding these two graphs, as called for by
(2), we obtain the heavy curve, which represents the theoretical
amplitude of vibration along any radivs of this particular dia-
phragm, assuming such a scale that 1,050 corresponds 1o the maxi-
mum or central amplitude.  The small circles near this curve show
the amplitudes observed with the aid of the vibration explorer.



125

Feppsld wd |

POy L

FRig] Holjauny (5elg

SURFACES OF TELEPHONIC DIAPHRAGMS,

Wikl

T 2T 0T BRY o
>
! o
3
—
3 A
=
it c
(2]
0
._...l
mtq.;f q
Y ]
£
NN 1
beE .w./ 5
() y+ ) =m NN
NN b
=90 hY [4M ) =M
/MA\
‘wnippy © Fuojo sapniijduy IN//
L WOYMHAYIC] IMOHSITI L //Hr/./,.
NOILYHEIA 40 IANND =
B
L6 ‘d}) o4 —




126 KENNELLY-TAYLOR—EXPLORATIONS OVER  [Agril 25

Arpenmx 1L

Elementary Theory of the Steady Vibration Amplitude of o Dia-
phragm Vibrating in its Fundomental Mode, as a
Function of the Impressed Frequency.

Let 2v=the vibration amplitude at the center of the diaphragm®
(em. £ ),
tit,=the vibration amplitude at the radius r {em. £),
== the vibration velocity at the center of the diaphragm
{cm./sec £ ),
%t = the vibration acceleration at the center of the diaphragm
(em./sec L),
r== frictional resistance to motion of the diaphragm, re-
ferred to the equivalent mass, see below (dynes/em.
per sec. /),
t=-clapsed time irom a given epoch (seconds),
s=—-¢clastic foree of the diaphragm per em. of displacement,
referred to the equivalent mass (dynes per em. /2 ),
f = Fe' =impressed simple harmonic moving force on the dia-
phragm tending to produce displacement w, and
measured in the direction of w, referred 10 the equiv-
alent mass (dynesZ ),
i=V—1,
w—2wn="the angular velocity of a simple harmonic motion of
frefuency n (radians/sec.),
m==equivalent mass of the diaphragm, defined by the con-
dition that the energy of motion of this mass with
the velocity ¢ at the center, iz equal to the actual
energy of the diaphragm with its distributed mass
anil velocities; aceording 1o the equation :

m_ arp! . .
% @ =2 [ rtyar ergn, (1)
whm_#‘:;upﬂrﬁriﬂl density of the diaphragm (gm./om.2),
m o= g‘:ﬁ_ {H',}'f‘fﬁ' g, {2}

# The sign ¢ after a unit indicates a * complex quantity.”
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since the velocities o and @ belng assumed simply harmanie, are
respectively proportional to their maximum displacements fWee and
.

Then on the assumptions that the diaphragm vibrates like its
equivalent mass collected ar the center, with its observed central
velocity, with an elastic opposing force sw on this mass, propor-
tional to the displacement, and with a resisting force rii on this
mass proportional to the velocity, thien the equation of motion of
the diaphragm in terms of equivalent mass will be®

S Pl M =f == F ™ dynes 2. (3)

The solution of thiz equation, in terms of velocity w, and the
steady state, is known 1o be

o=

" ; P )
l‘-}-!'(#:m-s) r+m =
&

L —
£ el SUC Y

where r is the “mechanical reactance,” and = is the complex
" mechanical impedance,” by analogy to alternating electric current
theary, Both # and = have the same dimensionz as r,

The mechanical impedance relations are indicated in Fig. ILd
at the left-hand side. OX and OF being rectangular coordinates,
the * mechanical resistance ™ r in dynes per unit velocity, is meas-
ured along OX, and is assumed to remain constant at all frequencies.
Asg the freguency # is increased (and with it the vibratory angular
velocity w) from zero to infinity, the reactance r==/me—2s/u)
varies from — o to - = along the line ¥Xy'. The mechanieal im-
pedance 2 which is the vector sum of r and ir, will be representel
by a complex quantity, or plane vector Op, the extremity of which
remaing on the line yXy'. At the particular or resonant value of
w, for which me—s/e=0, the reactance vanishes, and the im-
pedance = eoincides with the resistance . As shown in the figure,
p lies above OX| corresponding to a value of » somewhat greater
than the critical or resonant value.

" See Ribliography No, &
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FEquation (4) shows that the displacement velocity @ is equal to
the impressed vibro-motive force f, divided by the impedance 2.
The locus of this velocity, as w varies from o to = with constant F,
becomes a circle OMP, the diameter OM of which is equal to F/r
em. per sec, while the angle a of the chord OP, measuring the
velocity, is equal and of opposite sign to the angle a of the im-
pedance = In the case represented by Fig. 111, the telephone din-
phragm No. 2 was actuated electromagnetically at constant alternat-
ing-current strength, under varying frequency. At the frequency
=092 ~, the vibratory velocity OM=4.8 cmn. sec, wasa riaxi-
mum, and was in phase with the impressed vibro-motive force F.
At 1 =004 ~, the mechanical impedance had increased to ap at the
angle a=—14°, and the vibratory velocity had fallen from OM to
OP or from 4.8 to 465 cm, per sec. lagging in phase behind the
impressed vibro-motive force by 14°. The diagrum shows that
between the frequencies of 923 and 1,074 —, the vector displace-
ment velocity =i hiad moved over nearly the entire circumfierence of
the velocity circle OMP; and from a phase nearly 90° ahead of the
impressed vibro-motive force to nearly go® behind it

If we integrate (4) with respect to time, we obtain, for the steady
state of motion,

(1™ (] .
w:f:im#rﬁ; e -_'F‘M, em. Z. (35)

s wl

This shows that the instantancous displacement is w times less than
the corresponding instantancous velocity, and is 9o behind it in
phase. If we consider the maximum displacement, we have

Wy = — g cm.  (6)

The loctis of W, is therefore a closed curve distorted from a eircle
by the effect of varying w in the denominator. Considering it iis
an approximute circle for this case, the diameter OM' correspond-
ing to m=002 ~ represents a displacement amplitude of 7.7 4,
lagging approximately 9o® behind the maximum velocity OM. At
the Frequency 004 —, the displacement would be OF'= 748
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lagging 0° behind OP. As the frequency varies between 923 and
1,074 ~, the displacement amplitude almost covers the entire gragh
of the approximate circle OM'F’, commencing at about I g, nearly
in phase with the vibre-motive force, and ending at about 1 in
nearly opposite phase. These amplitudes correspond to the ordi-
nates of the resonance curve in Fig. O

it follows from (4) that if the vibro-motive force f is kept
constant, and the angular velocity adjusted until the central vibra-
tion velocity is a maximum, this will occur when the mechanical
reactance is zero, or when

L dynes
it —m=u o jsec, (7)
that is
5 radians
wg'= \,; _SH. P Es)
So that
§ = may® d},_fne_; ()

cnl.

When the vibro-motive force £ 15 made to vanish in (3) with the
dizphragm in motion, the solution of the equation is

.
w=We ™ sin (wt +¢) om., (10}

where W is the initial displacement (cm). and ¢ a suitable phase
(radians). 11 we obtain two successive values of w, (w, and w,),

corresponding to two successive elongations in the same direction,
we have

i g Mwa — . s
e T (= numeric, (11)

whence
r=2mn loge (o, /50, dynes/ (em./sec.), (12)

where A is the damping constant (1/sec.).

The quantity loge (m,/twy) is well known as the logarithmic
deerement of the decay curve.



ypin ] SURFACES OF TELEPHONIC DIAPHRAGMS, 131

Appexpix 111,
Elementary Theory of Equivalent Mass.

Inn (2) of Appendix 1L, the expression for equivalent mass m is

I L
ﬂ_—:i wier dr gm. (1)

m=

or m is the mass which, vibrating at the center of the diaphragm
with the abserved maximum ampltiude .., would have the same
kinetic- energy as the total distribured kinetic energy of the dia-
phragm,

In order, therefore, to determine the equivalent mass of a dia-
phragm, it is necessary to integrate r times the square of the ampli-
tude over its surface, Assumiing that the vibration follows Ray-
leigh’s Bessel-function theory as outlined in Appendix L, it should
be sufficient to integrate w.®-r over the surface, mathematically.
We are indebted to Dr. Geo, A. Campbell for an indication of the
solution of this integral®®

In (1)

Wear =", (0) S, (30) | =P(1 4 X) em. (2]

by reference to (8) Appendix L., putting r=ao.
Also
w,=P[J, (kr) 4+, (ikr)] em. (3)
: I :
<ol = ﬁi ) h)‘f Pil-’n'“l'r} + 1:-’?{"&7}
+ anSolkr) Tulike) L edr  (4)

sap’

= ﬁ 2 \)? _f-‘rﬂa{kr}f - dr +£ WFE(skr)r + dr
-+ fﬂﬂnfﬁ’r}iﬂ’l‘kr}r . n'r:l

= o] 5 ) + Jitka))
_ Ma® ¥ .
+ 20 | Jika) + Fit(ika))
s URyika) Ty(ka) — ikJalka) Jiika) | ] (s)

10 Riiliography (11, (12), (13).
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where
J2(kr) stands for {J,(kr) )%

But M= =p'0® is the total mass of the vibrating diaphragm area.

m 1

M= {m[ | T {ka) + Fio(ka) | + 32 | J2(ike) 03 ika) |

2\

(6)
=k | Fulika) Ji(ka) — Tolka) Jilika) ].

Applying the ratios of (6) Appendix 1., this reduces to:

% - m - 2J#(ka)

1
= Grogsziye 273198
_ 020378
T 11145
= 0.18285

or, to three significant digits, 0183,

The “equivalent mass cocficient,” 0.183, for this diaphragm,
had also been obtained by quadrature methods applied to the heavy
curve in Fig. 18, before the integration was performed as above.

In the case of steel telephone diaphragms excited by bipolar
dlectromagnets, the curves of w,, 7 are likely to depart from simple
Bessel-function curves, see Fig. 14. In such cases, the coefficient
of equivalent mass must be deduced from the exploration curve, In
cases examined, this coefficient varied between 0.2 and o5

A tuadrature method employed to find the equivalent mass
coefficient from curves of any shape is as follows:

Draw the w, curve as in Fig. 1B, Divide the line o abscissas
into an integral number » of amular ringz of equal area; so thai
cach ring will have a mass of M/n, where M is the total mass of the
circular vibrating arca of the diaphragm, in grams. We then
multiply this annular mass into the square of the observed ampli-
tudes at the middle points of the successive anmoli, The sum of
these terms will be equal to the product of the equivilent mass m,
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and the square of the maximum observed amplitude at the center, or

=z gm. (7)

The preceding table sets forth this process for the curve of Fig.
1B, drawn theoretically, and checked observationally, with n=3n,
ar the diaphragm divided mnto 30 annuli of equal mass. The result
is that the eqguivalent mass iz 18.3 per cont. of the netual mass of the
vibrating area. This result checks that obtained from the mathe-
matical intepration of the Bessel curve,

Although 50 anmuli of equal area and mass were taken in the
case above worked out, 5o as to attain a fairly high degree of pre-
ciston in the evalunted equivalent-mass coefficient; vet, for many

purposes, a sufficient degree of precision might be attained by taking
only to such equal annular areas,
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TABLE OF SYMBOLS.

o= Radiuz of the diaphragm clamping-circle (em.),
s —A phase angle measured around the diaphmagm (radians),
b="Thickness of the diaphragm (em.),
¢==A constant of the material of the diaphragm (cm./second ¥ ),
d=235ign of differentiation
A=Damping constant=n log, (t0,/1.) =t/2m (sccond?),
e=Time-phase (radians),
e=Naperian logarithmic base (mumeric),
f=Fd~ Impressed simple harmonic moving force on the
thaphragm (dynes) /
fs=="5tatical tension (dynes),
F=Maximum value of 5 vibratory force (dynes),
i=1\ —1 (numeric},
fa=A Bessel's Function of the nth order (numeric),
J'="The frst derfivative of J with respect to v (numeric),
E=A constant of the material of the diaphragm, defined by
l‘={\f‘;}_,'c (emit),
L = Distance from mirror 1o gcale of explorer (em.),
I=Radius arm of smull mirror in explorer (em.),
A=A constant satisfying boundary conditions (numeric),
M= Total mass of diaphragm (in Appendix 111) (gm.),
M =Magnification factor of explorer (numeric),
m = Equivalent mass of the diaphragm (gm.),
p=Micron, 104 cm, (cm™),
n="TFrequetcy of diaphragm vibration (cyeles/second),
= Resonant frequency of diaphragm vibration (eveles/sec),
#= Number of annular rings in equivalent mass theory of App.
HI (numerie),
n (Subscript)= Number of nodal dimmeters (order of Bessel's
Funetion) (mumeric),
P'—=Constant of amplitude-magnitude (em.),
w=3.1410 (numeric),
¢=Angle in the explorer between the plane of mirror and plane
of diaphragm (deg.);
q="Young's modulus for diaphragm material (dynes/em?),
dynes

r=—Fricti istance 1o moti diaph i
omal resistance to motion of diaphragn Fr
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r==Distance along a radivs (em.),
p=Density of diaphragm material (gm./em.?),
p'==Superficial density of diaphragm (gpm./em2),
s==Lilastic force of diaphragm per centimeter of displacement,
referred to equivalent mass (dynes/em.),
«==VPoizson's ratio for material of diaphragm (numeric),
E="5ign of summation, c
t=Time elapsed from a given epoch (seconds),
#=Azimuth angle measured on surface of diaphragm (radians)
vimf. = Vibro-motive force (dynes) /,
B =1Initial displacetment in a vibratory motion (eny),
ar and w,= Amplitude of a point on surface of diaphragm for fun-
damental moile of vibration (enm) £,
wy = Amplitude of vibration of 4 point at radius r from center of
diaphragm (em.) £,
tow = Instantaneous amplitude of vibration (cm.),
TWaay == Maximum eyelic amplitude at center (em.),
= Vibratory velocity at center of diaphragm (em./sec.) £,
= Vibratory acceleration at center of diaphragm (cm./sec®) £,
ww,= Statical displacement of center of diaphragm (em.),
tr=1ms—s/u) " Mechanical reactance” of vibrating diaphragm
(by analogy 1o alternating-current theory) {dypes/(cm./
see.)) £
z=(r+ ir) * Mechanical impedance ™ of vibrating diaphragm
(by analogy to alternating-current theory) {dynes/(cm./
sec) ') £,
w==2mn=Angular velocity of vibratory maotion (radianssee.),
wy = 2ot =Angular velocity at resonance (radians/sec.),
= = Infinity,
£ =This sign after a unit indicates a * complex uantity,”
~ = Cycles or vibrations per second (eyeles/sec, ).



THE RULING AND PERFORMANCE OF A TEN INCH
DIFFRACTION GRATING.

Bv A, A MICHELSON,
(Read April 22 otz

The principal element in the efficiency of any spectroscopic appli-
ance is its resolving power—that is, the power to separate spectral
lines. The limit of resolution is the ratio of the smallest difference
of wave-length just discernible to the mean wave-length of the pair
or group. If a prism can just separate or resolve the double vellow

line of sodium its limit of resolution will be S&J_ﬁs}ﬁ ar approxi-
350

mately one one thousandth, and the resolving power is called one
thousand,

Until Fraunhofer (1821) showed that light could be analyzed
into its constituent colors by diffraction gratings this analysis was
effected by prisms the resolving power of which has been graduoally
increased to about thirty thousand. This limit was equalled if not
surpassed hy the excellent gratings of Rutherford, of New York,
ruled by a diamond point on speculum metal, with something like
20,000 lines, with spacig of 500 to 1000 lines to the millimeter.
These were superseded by the superl) gratings of Rowland with
something over ane hundred thousind lines, and with a resolving
power of 150,000.1

The theoretical resolving power of a grating is given as was first
shown by Lord Rayleigh by the formulas R — mu, in which u is the
total number of lines, and m the order of the spectrum.  An equiva-
lent expression is furnished by

R=1.I' (sin 1 sin #),

*The 6% in. gratings now riled on the Rowland engitie have a much
highier resolving rewer—prabably. goo,000,
PIOC, AMER. FRIL S0 LIV, 217 |, PEINTED JULY 7, 1915,
187
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where [ is the total length of the ruled surface, A the wave-length of
the light, 7 the angle of incidence and @ the angle of diffraction, and
the maximum resolving power which a grating can have is that
corresponding 1o i and # each equal to 90° which gives R=2l/p;
that is twice the number of light waves in the entire length of the
ruled surface.

This shows that neither the closeness of the rulings nor the total
number determine this theoretical himit, and emphasizes the im-
portance of ‘a large ruled space.

This theoretical limit can be reached, however, only on the con-
dition of an extraordinary degree of accuracy in the spacing of the
lines. Several methods for securing this degree of accuracy have
been attempted bt none has proved as effective as the serew, This
must be of uniform pitch throughout and the periodic errors must
be extremely small,

For a shart screw, for example one sufficient for a grating two
inches in length, the problem is not very difficult, but as the length
of the screw increases the difficulty increases in much more rapid
proportion. It was solved by Rowland in something over two
vears.

Since this ime many problems have arisen which demand 3
higher resolving power than even these prutings could furnish.
Among these is the resolution of doubles and groups of lines whose
complexity was unsuspected until revealed by the interferometer and
amply verified by subsequent observations by the echelon and other
methods.

Others that may he mentioned in this connection are the study of
the distribution of intensities within the spectral *lines™: their
broadening and displacement with remperature and pressure; the
effect of magnetic and electric fields, and the measurement of mo-
tions in the line of sight, as revealed by corresponding displacement
of the spectral lines in consequence of the Doppler effect.

All of these have been attacked with considerable success by
observations with the echelon, the interferometer and the plane-
parallel plate. These methods have a very high resolving power,
but Iabor under the serious disadvantage that adjacent succveding
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spectra overlap, making it difficult to interpret the resnlts with
certainty.

Some twelve years ago the construction of a ruling engine was
undertaken ‘with the hope of ruling gratings of fourteen inches—
for which & screw of something over twenty inches is necessary.
This screw was cut in a specially corrected lathe so that the original
errurs were not very large, and these were reduced by long attrition
with very fine material umtil it was judged that the residual errors
were sufficiently small to be auwtomatically corrected during the
process of ruling.

The principal claim to novelty of treatment of the problem lies
in the application of interference method to the measurement and
correction of these residual errors.

For this purpose one of the interferometer mirrors is fixed to
the grating carriage, while a standard, consisting of two mirrors at a
fixed distance apart, is attached to an auxiliary carriage. When
the adjustment is correct for the front surface of the standard,
mterference fringes appear, The grating carriage is now moved
through the length of the standard (one tenth of a millimeter if the
periodic error is to be investigated ; ten or more millimeters if the
error of run is o be determined) when the interference fringes
appear on the rear surface. This operation is repeated, the differ-
ence from exact coincidence of the central (achromatic) fringe
with a fiducial mark being measured at each step in tenths of a
fringe (twentieths of a light-wave). Asa whole fringe corresponds
to one hundred thousandth of an inch, the measurement is correct to
within a millionth of an inch.

The correspanding correction for periodic errors is transierred
to the worm-wheel which turns the serew : and for errors of run to
the nut which moves the carriage.  Tn this way the final errors have
been almost completely eliminated and the resulting gratings have
very nearly realized their theoretical efficiency.

A number of minor points may be mentioned which have con-
tributed to the success of the undertaking.

(@) The ways which guide the grating carriage as well as
those which control the motion of the ruling dismond must be very
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true ; and these were straightened by application of an auto-collimat-
ing device which made the deviation from a straight line less than
a second of are.

(b} The iriction of the grating carriage on the ways was
diminished to about one tenth of that due to the weight (which may
amoutit to twenty 1o forty pounds) by floating on mercury.

(¢) The longitudinal motion of the screw wis prevented by
allowing its spherically rounded end to rest against an optically
plane surface of diamond which could be adjusted pormal to the
axis of the screw.

(@) The screw was turned by a worm wheel (instead of pawl
and ratchet) which permits a simple and effective correction of the
periodic errors of the screw throughout its whole length.

(¢) A correcting device which eliminates periodic errors of
higher orders,

(f) 1t may be added that the put which actuates the carriage
hai bearimg surfaces of soft metal (i) instead of wood, as in
preceding machines. It was not found necessary to unclimp the
nut in Liringmg it back ro the starting pont.

Finally it may be noted that instexd of attempting to eliminate
the errors of the screw by long continued grinding—which inevitably
leads to a rounding of the threads—it has been the main object to
make these errors conveniently small; but especially to make them
constamt—Tor on this constancy depends the possibility of auto-
matie correction.

The accompanying photograph nade with a ten-inch grating,
6th order (actual ruled surface o4 inches by 2.8 inches), used In
the Litrow form with an excellent 8-inch lens by Brashear, is given
in evidence of its performance. The resolving power as shown by
the accompanying scale of Angstrom units is about 450,000 The
original negative shows a resolving power oi about Gooooo, The
theoretical value is 660,000,

Doubtless the possibility of ruling a perfect grating by means of
the light waves of a homogencous source has occurred to many—
and indeed this was one of the methods first attempted,

It -miay still prove entirely feasible—and is still held in reserve if
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serious difficulty is encountered m an attempt now in progress to
produce gratings of twenty inches or more.  Such a method may be
made partly or perhaps completely automatic, and would be inde-
pendent of serews or uther instrumental appliances.

EXLARGEMENT OF FHOTOGEARI OF TIE GREEN MERCURY LIS & 2461, ‘taken
by H. L. Leuon with 1o-tnch diffraction grating in sixth order. Seale: s
shivision =001 ‘AU mled surface 93 in. » 2% M. tr700 fines per inch
Mounted in Littrow form with finch lens by Brashear.  Foeal length =0 feet,

It may be pointed out that an even simpler and more direct
application of light-waves from 2 homogencous souree is theoretic-
ally possible and perhaps experimentally realizable.

If & point source of such radiations send its light-waves to a
collimating lens and the resulting plane waves are reflected at normat
mcidence from a plane surface, stationary waves will be set up as
in the Lippman plates ; these will impress an inclined photographic
plate with parallel fnes as in the experiment of Wiener; und the
only limit to the resolving power of the resulting prating is that
which depends on the degree of homogeneity of the light used,  As
some of the constituems of the radiations of mercury have been
shown to be capable of interfering with difference of path of over
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a million waves, such as grating would have a resolving power
exceeding 3 million.

This investigation has had assistance from the Bache Fund of
the National Academy of Science, from the Camegie Institution,
and from the University of Chicago.

In addition to the grateful acknowledgment to these institutions
I would add my high appreciation of the faithful services rendered
by Messrs. Julius Pearson and Fred Pearson.



THE CONSTITUTION OF THE HEREDITARY
MATERIAL.

By T. H. MORGAN.
(Read April 23, 1913)

There are two ways in which the relation of the egg to the
characters of the individual that develops from the egg has been
interpreted.

1. The egg has been thought of as a whole and the characters
of the individual as the product of its activity as a unit.

2. The egg has been thought of as made up of representative
particles of some sort that stand in a definite relation to the parts
of the individual that comes from the egg.

Weismann, whose speculations oceupied the forefront of interest
at the close of the last century, adopted the latter view; namely,
that the germ is made up of particles, which he called determiners.
For Weismann embryvonic development became. mercly the sorting
out of the particles of the germ to their respective parts of the
embryo. Each region of the body owed its peculiarities to the
particles that came to it by this sorting-out process. In fact, one
may go so far, I think, as to say that Weismann borrowed from
Roux this particular form of the preformation in order to give a
formal explanation of embryonic differentiation. But Weismann's
theory soon encountered three serious reverses.

It the first place, the study of the minute structure and behavior
of the segmenting egg shows no evidence that any such sorting-out
process takes place, as Weismann postulated. Tt has been shown
that the chromosomes divide equally at every division, and that
every cell of the body contains the entire complex that was present
in the fertilized egg-cell itself.

In the second place, it was shown that the sequence of the
cleavage planes of the egg could be artificially altered, yet a normal
embiryo develop.

143
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In the third place, it was shown that in some eges cach of the
first two, or first four cells derived from the egg is capable of form-
g a whole embryo. This result creates a strotg  presumption
against the adequacy of Weismam's interpretation of development,

Meanwhile one of the greatest biological discoveries of the last
century—one that had a very direct bearing on the traditional in-
terpretations of predetermination—was  forgotten. 1 refer to
Mendel's work.  Memdel showed that when two related organisms,
differing from each other in a single character, are crossed, and
their offspring are again bred together, that in the second genera-
tion individuals appear that are like their grandparents.  He showed
that the numerical proportions; in which they appear, could be
explained on the assumption of one factor difference between the
original forms, This result might be interpreted to mean either
that the two original germ cells, taken as a whole, represent such
a factor difference; or it might be interpreted to mean that the
original germ cells had one particulate difference.  But Mendel went
further, and showed that when two related organisms that differ in
two, or three, or more different characters are bred (o each other,
all possible combinations of the ariginal characters appear later, It
might seem then that we must abandon the view that each germ eell
is to be thought of as a whole, for we see that the paris of each
can be separated to become parts of others, In this sence Mendel’s
results seem to furmish a brilliant confirmation of Welsmann's
theory, in so far as it relates to preformation in the gerin, and in
the last edition of hiz ** Vortrige ueber Descenidenz Theorie,” Weis-
mann put in his elaim to (Mis verification,

In fact, Mendel's discovery does Turnish o strong argument in
favor of thar part of Weismann's view that deals with the con-
stitution of the germ-plasm, but it by no means confirms
Weismann's theory which postulates that embryanie
is & soriing-out process of representutive particles,

Let us turn our attention, then, 10 Mendel's law and examine in
how far it justifies an assumption that there are specilic sibstances
it the germ cells.

Mendel's law. postulutes that the early germ cells {and it
he dded all of the body cells tao) contain two

that part of
development

iy
of ‘ench kimd of the
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hereditary fuctors,—one derived from ecach of its paremts. Men-
del's law pastulates further, that, in the ripening of the germ cells,
the members of each pair separate (Fig: 1), Each mature germ
cell eomes to contain but a single dement (or factor) of each kind.

T op?

cC

N
vno tné
c c

Fie 1. Diagram 1o iloustrate segregation of factors, The four pars of
factors represented in the upper circle by AA; BB, CC, DD, undergo segrega-
tion Eo that each germ cell comes to contain one membier of each palr.

™~

Now students of cytology had quite independently comie to this
same conclusion in regard to the germ cells.  They had found that
cich cell contains n definite number of chromosomes, and that there
are two of each kind of chromosomes in every cell—one from each
pavent (Fig. 2,a). It had been found that at the ripening of the
germ’ cells the members of each pair of chromosomes conjugate
(Fig. 2, ). and then separate from each other (Fig. 2, ¢), so that
eich mature germ cell comes to contain bup 2 single set af chromo-
somes (Fig. 2, d). Furthermore, students of experinental em-
bryology had obtained independent evidence pointing to the chromo-
somes as the bearers of the hereditary materials.

We find, then, that eytologists had discovered i mechanism
in the cell that they had reason to think was the bearer of the
hiereilitary materials, and that the mechanism fulfills, the essential
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requirements of Mendel's postulates. There were two further steps
necessary to bring the two lines of inquiry into complete accord;
namely, (1) correspondence between the number of the chromo-
somes and the groups of inherited characters, and (2) the inter-
change between the members of the same pair of chromosome.

Rl 2D

A
B

Fro 2z Diugram to fllosteate segregation of chromosmes. The four
pairs of chromosomes n the upper circle (a). conjugate In (b)Y (aynopsis
stage), prepare for separation in () and undergo segregation so that each
germ cell (d, ') comes to contain one member of each pair.

The number of chromosomes is small in comparison with the
large number of different characters that an animal or a plant pos-
sesses. We should expect therefore if in any animal or plant
a sufficient number of character-differences were known that the
characters would be found to be inherited in groups, and that the
number of such groups should be the number of chromosome pairs
that such an animal or plant possesses, In very few cases have

encugh characters been found to make such a comparison of any
value.
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But in the fruit fly, Drasophila, that has been intensively studied
for five years, over a hundred new, and inherited characters have
appeared, They fall into four great groups. A partial list of the
four groups is as follows:

Low crossingover
Meroaon
Peach

Iﬁ chromosome

Eve color
Eye eolor

Gaour L. Guuur IL
M, Region AfFacted, Hame, Begron Alened,
Almpreal Abdimen Antlerad Wing
Bur Eye Apterons Wing
Bifid Venation Arc Wing
w ing Balloon Venation
Cherry Eye colar Black Baody eolar
Chrome Body color Blistered Wing
Cleft ¥ Comma Thorax mark
Cluly Wing Confiuent Venation
Diepressed Wing Cream 11 Ege calar
Dotted Thomx Curved Wing
Eogin Eye color Dachs
Facet Crmmati Extra wvein. Venation
Fnrbtd I Spines anfcd wﬂ
Furrow aun!
Fused mlhn {.mu::d Abdominal bund
‘Green Body color Little erpzsgver 11 chromosome
aunty Wing Morula Ommatidia
mon Bnd]r color Olive Baady color
Lethinls, 13 Plexus Venation
Miniature "-'l-'”mg Pl:r'[llt iﬁ calor
Notch Venation Speclke T orax Tk
Reduplicated Eye color Strap
Ru Sireak i’mm
Rudimentary Wings Trefoil Pattern
le Body eolor Truncate Wing
Shifted Venation Viestigial Wing
Short Wing
Skee Wing
Spoon Wing
t Body color
an Anlenna
Truncate Wing
Vermilion Eye color
White Eye color
Yellow Body: color
Geour 111 i Grour IV.
L TTEEN Region Alfectad, Hnmn _l-ﬂu Affecoed-
R Pattern Bent Wing
Beuded Wing Eyeless Eye
Cream 111 Eye color
Dreformed Eye
Dwarf ‘im.- aof bady
Ehony ¥ color
Giiunt Sl.:c of body
Kilney



148 MORGAN—THE CONSTITUTION OF 1 April 23,

Geotr TTL.—C onfinued:

Namre.
Pink
Raugh
Safranin
Sepia
SOOLY
Spineless
Spread
Tritjent
Truneate imtensd.
Whiteheaul
White ocelli

Heghon Adfectnd.
Eve ealor
Eve
Evc color
Eye color
Body ecolor
Spines
Wing
Pattern
Wing
Pattern
Simple cye

The four pairs of chromosomes of Drosophila are shown in the
next diagram, Fip. 3.

A\

&

I\

the male,

The correspondence between the four character ¢
four pairs of chromosomes is obvious even to the size
This® relation, or correspondence, does not however tell
thing in respect to the way in which the chromosores
charmcters of the group.

I may illustrn

te this by an example from the first gronp; cont
sex Tinked clinracters

-

S

=/
A

Fiz 3. Dhugram of the four pairs of chiromosomes of
ophila; to the left the chromosomes of the female!

Deosopliila ampet:

1o the fight those of

roups anil the
relations,
us nny-
2 atanid for the

So far, the result only shows that the chir-
scters of o given group uré in some Way representid
chromosome.  Chur work has, however, carried iis Iney

ina particulsr
ond this point,

Al

We mean by sex linked characters that they

inllow the known distribution of the X chromosomes, For in-
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stance, the factor that determines the character for white cyes is
sex linked, as is also the factor that determines the character for
miiniture wings. 1f we cross a female with white eves and minia-
ture wings to a male with red eves and long wings, the sons will
have white eves and miniature wings, The explanation of this
result is found i the distnbution of the chromosomes. The sons
get their single X chromosomes from their mother, Hence they
show the characters that this chromosome carried in the mother,
who had white eyes and miniature wings. The daunghters, how-
ever, get one of their X chromosemes from their father through
his femule producing sperm, This chromosome carried a factor
for red eyes and another for long wings, which factors dominate
those carried by the other X chromosome that the daughters get
from their mother, namely, the factors for white eyes aml for
miniature wings. These relations are shown in Fig. 4.

If these daughters anid sons are bred to cach other they produce
four kinds of mdividuals, viz., rel long, white miniature, red mnia-
ture, and white long.  These are the Tour classes that Mendel's law
calls for, but they do not pecur in the Mendelian proportion
{(0:3::3:1) when two pairs of factors, ns here, are involved.
The reason for this is two-fold.  In the first place the female alone
carries two X chromosomes. The male carries but one, Hence
there is an unequal distribution of the X chromosomes in the
specmatozon, for, only half of them ecan get an X chromosome,
These are the femule-producing spermatozoa, The result is, as has
been shown, that in the first generation the sons inherit their single
X chromosome from their mother and none of the dominant char-
acters of the futher. Since in this ease the sons earry no dominant
factor cither in their X bhearing (female producing), or in their
Y bearing (male producing sperm), the second generation here
reveals completely the compaosition of the egg cells that the F,
femmle carries.

On Mendel's law of random assortment of two pairs of factors
we should expect the four classes that here appear in the second
generation to be equal in number, On the contrary: we find that
two of them are twice as numerous as the other two. On inspee-
ton we see that the two larger classes are white mininture and red
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1 Fie & l}iﬂ.ﬂﬁ?l to fhuw the inheritance of two pdrs of recessive sex
[inkeil chu_;r.wt-_-rs. vir- white eyes (W] and minfiture wings (M), The nor
mal, dominunt alldlomorphs of these factors are omitted
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long. These correspond to the two grandparents. The two smaller
classes are white long and red miniature.

We can account for this result if we assume first that the two
factors that went in together in the same chromosome tend to hold
together. This would account for the two Jarger classes. Second
that the two smaller classes jire due to interchanges between the
two X chromosomes. Such interchange would here take place only
once in three times,

We can test this conclusion by planuing the experitent in such
a way that white and miniature now go in from opposile sides—
white from one parent, and miniature from the other. When we do
this we find that the large classes in the second (back cross)
generation will be red ministure and white long and that the small
classes will now be red long and white miniature, The ratio of the
large to the small classes will be exactly the same as in the first
case. In other words the interchange hetween the X chromosomes
is the same regardless of what factors each contains,

If one admits that the chromosomes are the bearers of the
hereditary factors he is forced to admit that experiments like these
prove that somchow interchange of factors in homologous chromo-
somes must occur,

1f one thinks of the factors as lving in a linear series in the
chromosome (and there is certain evidence that T can not consider
here that malkes this view imperative) then the chance of a crossing
over taking place somewhere in the region between two pairs of
factors would be greater the farther apart the factors lie. The
percentage of times that crossing over takes place becomes then &
measure of the distance apart of the factors in question. If we
make this assumption we find that we can give a consistent explana-
tion of everything that we have found in the inheritance of linked
factors in Drosophila. Not only this, but a far more important
fact comes to light. 1§ we determine, on the aforesiid hasis, the
relation to each other of all the known factors in each of the four
groups, then, when a new factor appears, we need only determine
its group and its relation to two factors in that group. With this
information we can predict its relation to all other members of that
group, In other words we ean predict what the numerical relation
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will be in the second genération. There is o other way as yet
discovered by means of which this relation can be predicted

I we compare our conception of the structure of the germ plasm
with that of Weismann we find in all of his writings except the last
one, that he supposed the chromosomes to be alike and that each
comsisted of a series of ids fhat contained the totality of the de-
terminers that inBuence development.

It is true that in his last writing he partially abandons his earlier
idea of =uhole ids for a conception nearer to ours of partial ids,—at
least for somie of the determiners. In this respect his view more
nearly approaches the one here maintained, Bt even then his view
not being based on numencal data would leave us entirely helpless
in explaining the phenomena of inheritance in any particulsr case,
Without wishing in the least to detract from the value of Weis-
mann's brilliant speculation, nevertheless the difference in the way
in which the eonclusions were reiched in the two cases i= one of
fundamental significance in all scdentific work, Our view is based
o aceurate numerical data that enables us to predict what any given
result in this field will be. v is this power to predict that gives
significance (o 4 scientific theory., In this regard we believe that
our interpretation is a lang step in advance of the purely imaginative
conception of the germ plasm that Welsmann advaneed.

If now we bring our conception of the germ plasm to bear on
the problem of development we have a very different view point
of that process from the one Weismann pictured.

We think of every cell in the body containing one set of chromo-
somes received from the mother plus ove set from the father. The
materials carried by these chromosomes influence development in
their entirety.  Although we are-able to localize certain muterials
m the chromosomes that when present cinse the eves 1o be white,
and others that cause the eyes to be red, we do not mean that these
materials in the chromosomes go directly only to the parts that show
their influence more markedly. We mean thmt given one kind of
material and the rest of the cell there is elaborated n white eve:
given a different materinl in the sime locus

it produces, in corn-
junction with the rest of the cell, a red eye,
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To say that the germinal material that makes a white eye is dif-
ferent from the germinal material that makes a red eye is a plati-
tude. But to be ahle to locate a particular material in the one case
in relation 1o other moterials is a very different matter, because by
means of this information we are able fo explain the results on a
mechanistic basis, and are able to predict the results of untried
combinations. Without this information the prediction would be
impossible.

We are led then to a third conception of predetermination, [t is
this! That while the hereditary material is made up of different
discrete and separable particles (chemical substances) that have a
definite position in the chromosomes, the effects of each of these
particles must be supposed to be produced in combination with
many, or even with all other parts of the cells in which they are
contained.

CoLusmors UNiversiTy,
New Youe,
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SPONTANEOUS GENERATION OF HEAT IN RECENTLY
HARDENED STEEL.

By CHARLES F. BRUSH.
(Read April 22, 1915}

Two or three years ago, when studying the behavior, under cer-
tain conditions, of several specimens of hardened tool steel, 1 ob-
served that they all spontancously generated a small quantity of
heat, the amount of which diminished from day to day, but which
was observable for several weeks. In each case the steel had been
hardened only a few days prior to its use. It scemed highly prob-
able that the generation of heat was associated with some sort of
“seasoning " or incipient annealing process, perhaps accompanied
by slight change of volume, and that it would be most rapid imme-
diately after hardening. 1 resolved to investigate this curious phe-
nomenon more fully, but failed to spare the time until a few months
ago. This investigation forms the subject of the present paper.

Fig. 1 15 a diagram of the apparatus employed. A, B represent
two large silvered Dewar vacuum jars selected to have very nearly
equal thermal insulating efficiency. They are supported in a wooden
rack inside a thick copper cylinder C packed in granulated cork in
a wooden box E. I’ is a paper extension of C, packed with layers
of felt by removal of which and the loose copper cover of C easy
access is had to the Dewar jars, The copper cylmder weighs 32
pounds and its functions are, by reason of its large thermal capacity
and high conductivity, to protect the Dewar jars from any rapid
change of temperature, and from temperature stratification.

The box E is surrounded by a much larger wooden box F lagged
with a half-inch layer of felt. A long resistance wire is strung
back and forth in the air space between the boxes at the bottom and
four sides of E.  Electric current controlled by a thermostat warms
the wire, whereby the temperature of the air space may be muiin-
tained very nearly constant as many diys or weeks as desired. A

154
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thermometer T, easily read to hundredths of a degree, indicates the
temperature of the air space.

Air Space

Air Space

Fu 1.

Returning now the core of the apparatus: A" is an air-tight eylin-
der of thin copper, six inches high and two and a hall mches in
diameter, provided with an open half-inch axial tube also of copper.
A small round opening at the top of A" permits the introduction of
a weighed quantity of water, after which the opening 1s tightly
corked to prevent any change of temperature by evaporation of the
water. B’ is another copper cylinder just like A’ except that it has
a removable top to permit the introduction of the substance whose
thermal behavior is to be investigated. The high thermal con-
ductivity of these copper cylinders prevents temperature stratifica-
tion within them. The Dewar jars are filled above the copper cylin-
ders with layers of felt, and granulated cork, and covered with
waxed cardboard carefully sealed on to prevent temperature dif-
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ference inside the jars which would follow unequal loss or gain of
moisture by the felt and granulated cork. A small thin glass tube,
flanged at top and closed at bottom, is lncated in the axis of each
Dewar jar and extends from the waxed cover nearly to the bottom
of the inclosed copper eylinder. The glass tubes contain the ends
of thermo-electric couples of fine constantan, coppér and iron wires,
one iron-constanian amd one copperconmstantan junction at the
bottom of each tube. The leading-out wires are copper, and connect
the thermo-couples with a reflecting galvanometer having the cus-
tomary reading telescope and seale.  Careful callibration has shown
that 55 scale divisions oi the galvanometer indicate one degree C,
temperature-difference between A" and BY, and that temperature-
difference and galvanometer deflection are very closely proportional
throughout the mnge used.

In the following experiment A* and B’ were removed from the
Dewar jars and allowed to attain equal room temperature, Twelve
hatf-inch round bars of tool steel, five inches long and with machined
surfaces, were hirdened by heating to high * cherry-red " in a re-
ducing atmosphere of a gas furnace and iuenching in cold water.
The bars then had a thin and strongly adhering coating of black
oxide. They were next stirred in a large quantity of water at room
temperature, 1o acquire that temperature, wiped dry, and oiled with
heavy, neutral mineral oil to prevent generation of heat by further
suriace oxidation, wiped free of excess of oil and placed in the
copper cylinder B, A weighed quantity of water, alta at room
temperature, just sufficient to equal the steel bars in thernmil capacity
had already been placed in 4" The whole apparatus was then as-
sembled as quickly as possible, and galvanometer readings com-
menced within forty-five minutes of the time of hardening the
steel.

The upper curve in Fig, 2 shows the progress of heat genera-
tiot in the steel bars during the first 130 hours after hardening,
A very slow generation of heat was still cusily observable at the
et of a month

It is seen that the temperature of
idly when the galvanometer readings commenced, and reached a

point (nearly 3* C. at the summit of the curve) where gain and loss
of hedt balanced each other in about 8 hours.

the stecl bars was rising rap-
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The * Normal Cooling™ curve was obtained five or six weeks
after the other, and when the generation of heat had very nearly

.f.} | m
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ceased.  For this purpose the steel bars were removed, warmed a
few degrees, and replaced ; then galvanometer readings were made
from time to time as before. This curve is plotted in a location
convenient for visual comparison with the heating curve, but other-
wise might just as well be plotted further to the right.

From the two observed curves [ have computed a third curve
(not shown) which represents the progressive rise in temperature
which would have occurred if the thermal insulation of the steel had
been perfect, so as to prevent any loss of heat. The curve is
strikingly similar in charactér to the shrinkage curve shown in Fig.
5. and indicates a close association of heat generation and shrinking,
to which [ shall refer again. The total rise in temperature indi-
cated (abiout five degrees C.) is of little quantitative importance
because it is highly probable that it would have been different if the
steel had been hardened at » different temperature, or more uni-
formly hardened throughout each bar, or had & different carbon con-
tent. Yet it is interesting to siote that the observed quantity of
heat spontaneously generated in the steel, measured by its rise in
temperature multiplied by its thermal capacity, indicates mternal
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work of some sort sufficient to lift the steel bodily about Boo feet
high against the force of gravity.

1 next prepared a batch of “ high-speed " tungsten steel consist-
ing of the same number of bars of the same dimensions as in the
first experiment. The bars were water-hardened at white heat,
not far below the fusing point, brought to room temperature, oiled
and introduced just as in the former case, and galvanometer read-
ings were commenced an hour after hardening.
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Fig. 3 shows the curve of heat generation in the “ high-speed ”
steel, and the curve of normal cooling located with respect thercto
as in Fig. 2. The cooling curve here shown is the lower part of
that used in Fig, 2, It iz permissible to use the same cooling curye
for both kinds of stee! because the thermal capacity of the two lots
was very nearly the same.

It is seen that heat generation in the tungsten steel was the same
in character as in the carbon steel of Fig. 2, though much less in
amount and somewhat more persistent.

Many workers: in steel are aware that the metal expands 3 Hitle
when hardened, and shrinks when annealed; but 1 have not met
with any quantitative data on the subject.  'With the hope of throw-
ing some light on the spontancous generation of heat already de-

scribed, 1 investigated this phienomenon of swelling and shrinking
as follows:
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Having no more of the carbon <teel used in the first experiment,
I procured another hali-inch round bar of the same brand, though
slightly different in composition as the analyses show. With a piece
of this bar two and a half inches long 1 made a careful determina-
tion of its specific gravity under the conditions, and with the results,
shown in the following table.

Tante 1.

Speafic Gravity Analysis of Seeel
Comunerdal Conditiont 8507 ouBES
Afrer Hardening wBizy oozt
Affter Tempenng to Light Blue 78350 Silicon aub
After Anncaling 78539 Manginess 033

Carban 107

The difference in density and volume between the hardened and
annealed conditions is fully a half per cent., which is much more
than 1 expected to find; and nearly half of the total shrinkage was
hrought about by the very moderate heating necessary for * temper-
ing to light blue.” The annealing was very thorough, and, as the
figures show, was more complete than in the annealed * commercial
condition."

The shrinkage incident to tempering was large enought to en-
courage the hope that if any spontancous shrinking, at room tem-
perature, occurs during the generation of heat which follows harden-
ing, it might be detected and measured, For this purpose the ap-
paratus shown in Fig: 4 was designed and constructed.

In Fig. 4 G and H are two vertical steel rods three feet long
and one millimeter in diameter. They are hung from a common
rigid metal support /, and at their lower ends carry parallel brass
bars 7, H' which move with perfect freedom, yet in close contact,
between guides K, K. The brass bars are accurately machined,
and their front edges are polished. The rod G, whose function is
purcly comparative, is kept under moderate and constant tension by
the long spiral spring L; while the rod H carries a four pound
weight M. An enlarged sectional diagram at the right shows the
method employed in mounting each steel rod,  Each end of the rod
passes through, and is soldered into, a brass head having a hemi-
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spherical end which accurately seats itself in a hollow metal cone.
The rods are quickly removable through vertical slots in the cones.

After some preliminary experiments, to get acquainted with the
apparatus, a fresh rod H was hardened by placing it horizontally in
a wooden rack just above a trough of water at room temperature,
quickly heating it to bright rednese by passing suitable electric

Fre. 4.

current through it and plunging it in the water beneath. the act of
lowering the roid serving 1o break the electric cireiit, The rod
was kept straight while hot by means of a weak spiral spring which
took up the expansion.  Preliminary experiments had shown that a
rod could be hardened in this way without warping.
The hardened rod, already at room temperature

) : . was quickly
wiped dry and put in place beside G, Then, without delay, a fine
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horizontal scratch was drawn across the polished fronts of the
bars G, H' by means of a stralght-edge and sharp needle point
lightly applied. A microscope, magnifying about 200 diameters
and very solidly mounted, was brought into position and focused
on the horizontal serarch, which of course consisted of an mide-
pendent scratch on each bar, the two halves being initially in periect
register.  The microscope was provided with a filar micrometer
eyepiece carefully cafibrated and adapted to measure accurately
any departure from register of the two half lines or seratches,

Shrinkage of the hardened rod M was detected within two
minutes after scratching the brass bars, and was easily observable at
the end of two weeks,

i
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Fig. 5 shows the progress of shrinking during the first 150
hours, The curve reached the 500 line a day or two later, The
hardened length of the rod was assumed to be 35 inches, so that its
actual shrinkage at the 500 line of the curve was 0.0175 inch.

The rod was next scoured clean and tempered to light straw
color by electric warming, then to light blue color, and its total
shrinkage measured after each operation. Finally, it was thor-
oughly annealed by hedding in mineral wool, heating to very low
reduess half an hour, and then gradually reducing the heating cur-
rent 1o nothing in the course of two or three hours, after which
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the shrinkage was again measured. The rod shrank very consid-
erably in each operation, as indicated quantitatively in Table 2, in
which the annealed length s taken s unity or 100 per cent,

Tawe 2
Length of rod after hardeamg . occvcccaimaiiasss oo, 353
After spontineous shrinking -...-c.c.ccvvervincena. 0333
Afrer lempering to light straw oo occciiecioeo. 100082
After tempering o light blue ... i 100,131
After aomealing -iciccaaniraviasicaasniassiaciscas HOODOOG

Of course the shrinkage in volume must have bieen very nearly
three times the linear shrinkage, ar considerably more than one per
cent. from the hardened to the annealed condition, which is mare
than double that observed in the bar steel used in the first experi-
ment. Doubtless this was due to the higher carbon content of the
small rod, and more unifarm hardening owing to its small size. It

is highly probable also that more heat was generated per unit of
Hass,

Fio 6

In Fig. 6 I have visualized the stages of shrinking of the small
rod by magnifying a hundred-fold the observed quantities in
Table 2.

I have already pointed out the close similarity in character of
the spontancous-shrinkage curve (Fig. 3) and the computed corve
of tatal heat generation; and there seems iittle room for doubt that
the two phenomena are quantitatively related, But it is equally
elear that spontaneous shrinking is only incident to, and is not the
prime cause of the generation of heat, because the internal work
represented by the heat generated is hundreds of times more than
necessary to bring about the accompanying change in volume. This
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is found as follows: The small steel rod spontancously shrank
o.0175 inch. To spring it back to its original length required a
weight of 15 pounds hung below M, Fig. 4 (=12.400 pounds strain
per square inch of cross-section). Hence, in longitudinally shrink-
ing oLo173 inch, the rod had done work equal to lifting 15 pounds
half this distance or 000875 inch. The rod weighed about r230
times less than the weight, so that the work done was sufficient
to lift the rod itsell 1230 % 00B75=10.76 inches. Hut this rep-
resents one-dimensional shrinking only, and we must take three
times this amount of lift, or, say 235 feet, to represent the work
done in the three-dimensional shrinking which certainly occurred.
We have already seen that the internal work spontaneously done
in the steel bars of the first experiment, in generating the observed
amount of heat, was sufficient to lift the bars abont 800 feet, which
is 300 times greater than the work done in spontaneously shrinking
the small rod, If spontaneous shrinkage was less in the large bars
than in the small rod, which is highly probable, then this ratio was
accordingly greater than three hundred to one. The disparity in
weight between the twelve large bars and the one small rod does
not count, because the work done in each case is computed for the
weight of steel which did it

It has been suggested that loss of the generated heat may per-
haps be regarded as a cooling process without change of tempera-
ture (which implies reduction in specific heat), and that this may
be sufficient to account for the spontaneous shrinkage. But this
hypothesis accounts for only & modest fraction of the shrinkage;
while the implied change in specific heat is much too large to be ad-
missible,

An attempt was made to measure Young's modulus of elasticity
in the small rod both in the hardened condition (after spontancous
shrinking) and after amnealing, by hanging various wreights below
M, Fig. 4, and measuring with the microscope the distortions pro-
duced,—always far within the elastic limit. But I was unable to
obtain reliable results because of an interesting fact which was
brought to light, as follows: In the annealed condition the steel ex-
hibited a small amount of viscosity or internal friction which some-
what delayed full distortion and subsequent restitution ; but in the
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hardened condition the viscosity was many times greater, This is
a further illustration of the instability of the hardened steel,

In conclusion, 1 am led to regard the hardened steel as being in
a condition of very great molecular strain somewhat unstable, espe-
cially at first. Spontancous relief of a small partion of the strain
causes generation of heat until stability at room temperature is
reached. Any considerable rise of temperature, as in tempering,
permits further spontaneous relief of strain, or molecular rear-
rangement, doubtless accompanied by more generation of heat, and
so on until annealing temperature is reached, It is obvious that
the process of tempering or annealing steel is an exothermic one,
-and conversely that hardening is an endothermic process,

CLEvELAND,

April, 1515,



RELATIONSHIPS OF THE WHITE OAKS OF EASTERN
NORTH AMERICA,

Wita ax ITntuwobvcrory Skeren o Toneme PayLoceseric Histony?

By MARGARET V., COBB.
{Prares IV-VL)
(Rivad April 23, 1015)
1. History oF Tue Facacee: A ReEcoNSTRUCTION.

Prantl's Classification of the Fagaces,

Chiercus,
Castanerx< Pasania.
Castanes,
. Fagus.
Fagoe { Nothofagus.

The five or six genera of the family Fagacea: to which the oaks
belong were well differentiated at least as far back as the Cretaceous
age. The beeches are sharply separated from the remainder of the
family (the pasanias, chestnuts and oaks), and are undoubtedly the
tore primitive of the two groups.  Nethofogus, the genus of primi-
tive beeches, is a charmcteristically sub-Antarctic genus, still surviv-
ing m Tasmania, New Zealand, and the southern part of South
America (o South Pacific distribution). Fagus itself, once more
wislely spread, is now found only in Japan, North America and
Europe.

The pusanias, chestnuts and oaks are at present in possession of
the temperate and tropical regions of Asia, North America, Europe
antd Mediterranean Africa, Species are most numerous in south-
east Asia and in Mexico (regions separated by the Pacific), Pasa-
nid is limited to southeast Asia, except for one species in California

! 'This paper owes a great deal to the extensive knowledge and the nevers

Failing interest and aid of Dr. William Trelease, mmder whom the work was
done at the University of Dlinois i the year f013-14.

165



166 COBB—RELATIONSHIPS OF WHITE DAES  [Aerilay

and one in New Zealand (ranges separated by the Pacific), Cos-
tanopsis (the less specialized chestnuts) is limited to southeast Asia,
except for two Californian species (ranges separated by the Pacific).
Castanea is present in southeast Asia, North America and Europe.
Ouercus has most numerous species in soputheast Asia and (espe-
cially) Mexico and Central America (regions separated, again, by
the Pacific), while the subgenus Cyclobalanopsis is limited ro south-
east Asgia (monsoon province). In consideration of the facts that
the most primitive genus still lingers on the two sides of the south-
ern Pacific, and that so muny other groups are found only in regions
bordering on the northern Pacife, it is more than plausible that the
family Fagacez originated in the Antarctic-Pacific region, and
maved northward towards its present northern-hemisphere distribu-
tion in the region of the Pacific Ocean. This of course involves
the hypothesis of an ancient Cretaceous or pre-Cretaceous Pacifie
continemt—ior which there is much other distnbutional evidence
and which Scharff,® among others, holds to be highly probable. The
broad similarity of the ranges of Pusania, Castanopsis and Cyelo-
bolonopsis was undoubtedly determined at this early time. The
prablem of the extension of certain species of Fagus and Costanea
to Europe seems entirely separate, and probably belongs to a more
recent period.  Quercus is involved with both the older and the
more modern distribution ; they have been mapped out here for con-
venient reference in the coming discussion of Quercus.

. History oF Quekcus, HyrorHerrcatry RecossTHUCTED,

Oaks, living or fossil, have been reported from every continent.
Living species, however, are unknown in the southern hemisphere,
except that they are found south of the equator in the East Indies,
and among the mountains of Ecuador (localities separated by the
Pacific). Species, as was said, are most numerous in Mexico and
Central America and in southeast Asia; the subgroup Cyclobalanop-
gis is limited to southeast Asin. Remembering that Pasania and
Castanopsis are almost limited to the same region, and that the
pasania-chestmut-oak group of the Fagacex shows here a concen-
tration, and a profusion of species, seen nowhere else in the world,

# Seharff, " Distribution and Origin of Life in North America®
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it is natural to suppose that this part of Asia (or more prt}hahly,
to allow for the outlying species in California, and the oaks in
Mexico, a region cast from southeast Asia) has been the center of
distribution, and hence the point of origin of the pasania-chestnut-
oak group. And Quercus itself, with its black oaks limited to
America, its Cyclobalanopsiz limited to southeast Asia, and its nu-
merous white oak species in both places, undoubitedly differentiated
from the pasanias (or their ancestors) in one or other of these re-
gions, or more probably between the two. At any rate, the prinii-
tive, little-differentiated Quercus must have had a distribution that
included both regions, as well as the space between them. We are
thus brought again to an hypothetical Pacific continent ; for since
neither black oak nor Cyelobalanopsis exists or gives evidence of
having existed in western Asia or Europe, any cretaceons or earlier
connection of the two regions in that direction is well-nigh incon-
ceivable. (It is unnecessary to suppose that this Pacific land ex-
tended much farther narth than the equator).

According to our hypothesis, the disappearance of this Pacific
land isolated the two extremes of the range of Quercus, The genus
had already become differentiated ; the Asiatic part of the range re-
ceived the stock of Cyclobalanopsis (found nowhere else) as well
as the more typical Quercus stock. Certain species of Quercus,
even today, form a part of the oldest Asiatic flora, which holds its
own in isolated regions,—in parts of the Himalayas, for instance.
Same of these ancient endemic species are the white oaks Q. lasala,
semecarpifolia, and dilatata, of which the last is said hy Schottky
to stand nearest of all oaks to the Cyclobalonopsis group.  (Ameri-
can black oaks, however, show certain features in common with
Cyclobalanopsis—apical ovules, type of style).

The American end of the range received a group of vaks of
which (according to evidence from distribution and palaeontology)
Quercus chrysolepis is probably our nearest representative; these
may have been the basis of both the black and the white oaks of
America. It is suggestive to find that Q. semecorpifolia (represen-
tative of the ancient oaks of Asia) bears some resemblance to this
carly American oak, Some of the European oaks are also of this
ancient type; but since one, Q. /lex, occurs in both Asia and Europe,
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the inference is that they all reached Europe westward from Asia.
Though the older fossil evidences in this continent have all heen ro-
ferred to Q. chrysolepis (these date back to the Cretaceous), it
teems not improbable: that types such as (. emoryi and Q, kypo-
lenca were soon present, and that differentiation early took the
lines towards our Ameriean black oaks and white aaks. Since in
Cyelobalanopsis, and in the pasanias, the abortive oviles dre carried
ipward in growth till in the mature acorn they are typically apical,
this may be considered the primitive condition in Quercus.  Chryso-
lepis, which has them only lateral, is on the way townrds having
them in the basal, white-oak, position. The hilack onks, on the con-
trary, have preserved the primitive charncter in this s in other par-
tieulars.

(Since the black ouks resemble yelobalunopsis in some ways,
it may be that they differentiated from Cyelobalanopsis, in the
Pacific region, before reaching America, Or all three may have
diverged together from the primitive Querens. Distribution may
have been such that Cyelobalumopsis went to Asia, Erythrobalanus
to America, Lepidobalonus to both,)

Having thus seme conception of a possible Cretaceous history
for American oaks, black and white: and of their relationship to
the ancient types of Old World oaks, we may now limit ourselves
to the white oak group in North America (Leucobalanus), For
the black oaks, being limited to the western hemisphere and becom-
ing only mare sharply differentiated, can give us no further light on

white oak relationships. To begin with, we may mark off Letiep.
balamus az follows:

Quencys,

Cyelabalannpais: Abortive ovalis apical, styles sbinr, sibcapitate,
curved, cup scalts grown into § solid ring. fruit
Teaves evergreen, tertiary nerves very fine

Erythrobalonns: Abortive dvules apieal,
teeurved, acorn tomentose within cu
ening in two vears, leaves decidiwons
with bristle poinia

Styles slender or very shiore and flattened, not cephatated at apex.  Lepis
dirbratlmnied. '

Cerris; A’mﬂiv_& ovules basal, styles long, tapering, cup scales often long,
bractlike, Truit riponing o two years, ltaves more or less dentate.

oifen re-
ripening in one year,

styles elongated, subeapitate, ofien
p scales thin, appressed, fruit rip-
or mvergreent, lobed when present
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Lewgobalamue: Abortive ovitles basal, #yles very short, spatulare. acorn not
tomentose within, cup scales often thickened at lase, fruit ripening in
one year, leaves deciduous of overgreen, lobes when present soundsd,

The most stable characters in this elassification seem 1o be the
position of the abiortive ovules, the lining of the acorn shell and the
form of the style. Appression of scales, time for ripening fruit,
andl time of keeping leaves are all more or less variable among the
white ouks.

The earliest home of Leucobalanus on this continent, using the
term to mclude the white oaks as they separated themselves from
the black oaks in America, seems to have been northern Mexico
and the southwestern states.  The older type (A. below) still pre-
dominates in this region, which has probably long been stuble, with
aclimate similar to the present. It is 3 region which seems to have
been for many species 4 center of distribution to other parts of the
continent,  Since the Cretaceous, much differentintion has taken
place, the main lines of which may be represented by the following
division of North American white oaks

. Leaves persistent, numlly evergreen, eutire, simuate or demtate, or, if
deeper Jobed, with pangent tips.
L Miny species, sonthwestern U, & anid Mexico,
= irginiaus wnd varictics—an early offshoot.
8, Leaves deciduous, fobed or divided. or serrate; lobes rounded. obtise or
mente lut sot panmgent

The evergreen series, represented, sav, by Q. undulata, is the
more direct continuation of the Cretaceous type, the decidious the
more mxdern form.

[t is barely possible that not all of this differentiation tool place
on. this continent. Lewcobalonws reachedl Europe at some tine;
and the possibility that this took place early (by means of Scharff's
Mediterranean land bridge). and that the deciduous oaks originated
there, rather than on this continent, must be taken jnte account.
Species of this type occnr also in Asia, but there seems to be little
doubt that they are sharply separated from the ancient Asiatic
species like semecarpifolia, and reached Asia in the Tertiary from
the castward.  The fact that the range of these species, in the Ter-

PROC. AMER, Pl 8OC., LIV, 307 L PRINTED JULY X1, 1915,
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tiary, was, at the boreal end, continuous from Asia across America
to Europe, gives the possibility of the center of distribution being
either m Europe or in America. My data on European oaks are
insufficient to decide this point: it seems, however, highly prob-
able that the white paks with thin, deciduous, lobed leaves originated
in or near northern Mexico.

The early members of the group Lencobalanus, then, marked by
entire, evergreen leaves, gave rise, probably in North America, 1o
a form with thin, deciduous, lobed leaves. This type is now donu-
nant over the greater part of the United States; while the older form
holds its own in the southwest and in Mexico, where the climate has
probably known ne great fluctnations since the Cretaceous, and
where it still finds suitable dry and arid habitats. This evergreen
type occupies the Mexican highlands, Arizona and New Mexico,
extending east info Arkunsas, and west into California.  Quercus
virginiang seems also to have been a very early offshoat; with its
varieties it forms a well-marked coastal group, ranging from North
Carolina south along the shores of the Gulf into Mexico (where
it stretches inland up the mountain sides); and appearing also on
the California coast.

1. Deciwvovs Warre Oaxs or Nowrit AMERica,

The oaks with which we are familiar in this part of the Coumtry
are of the lobed-leaf type, Geographically, at least, there are three
parts to this group,—the eastern, the Rocky Mountain, and the Cali-
fornian lobed-leaf oaks. It is not clear, however, whether or not
these geographical groups can be separated taxonomically. They
may be parallel groups, cut off from one another :umpm-ath'ei}
recently ; or, possibly, the Californian group may he more closely re-
lated to the deciduous vaks of Eurape (type O robor) than 11 iz 10
the oaks of the Rocky Mountains and the cast, The halit, leai
form and texture, and bud form of the Californian oaks hiave sug-
gestive resemblances (o those of the English oalc; and it is perhaps
not venturing too much to speculate ag 1o whether these oaks, like

certain other forms on our Pacific slope, may not have their closest
reliatives, not in America at all, bue in Europe,

: ; : There is hesides at
least one oak in California, (2. radleriana, which

appears o find its
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nearest relatives in the modern Asiatic oaks, which were mentioned
as having probably reached Asia in Tertiary tmes from the east-
ward, The gambelii group in the Rockies and the Atlantic group
are gpparently the separated branches of the latest developed white
oaks (and the Californian oaks are perhaps a third corresponding
group), which before glaciation may have succeeded in covering the
greater part of the continent, Glaciation left survivors of this
forest, it would seem, in two parts of the land—mountainous re-
gions which projected sibove the ice—the southern Rockies, anil the
southern Alleghanies.  From the one Q. gambelic has spread north-
witrd, Keeping rather vlosely to the mountains and differentiating
mumerous but similar species ; while from the other the early species
(possibly Iyratiformis and minor) have recovered an enormous
stretch of territory, and have produced a correspondingly lurge
number of varied species.

IV. Waite OARS oF Easteky NorTi AMERICA.

The white ouks found east of the Rocky Mountains comprise
the following species (see key) :

1. breviloba 2. lyrata
durandii fricelor
macrocarfa
3. chapmam 4. michauxti
winor prins
margaretia muelilenbergii groug.
alba

These species are all of the deciduous, thin-leaved type of Len-
cobalumus, except that diwrandii and breviloba, in ranging from Ala-
bamrl west and south into northern Mexico, show a series of transi-
tions towards the smaller, more entire, evergreen type of leaf. It
might be that a careful study of these forms would show them to
be trangitional in other features also. Their range seems to indi-
cate an ancient center of distribution in the sonthwest ; this again is
in sharp contrast to all the other species. which may be referred to a
more recent center in the southeast, In shori, there seem to be
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severil reasons for marking off rather sharply durandii and brevi-
laba from the remainder of the species preseqt in thiz area, and
for suggesting the possibility that they may be a relic from the time
of the differentiation of this deciduous section of Lencobalanus.

The remainder of the group has a very wide range. It touches
the Rockies in Canada, and reaches Texas, Florida, and Maine.
Nevertheless, it is almost true to say that every one of the species
includes in jis range the region of the southern Alleghanies. This
region certainly seems to have been 3 center of distribution after
the retreat of the ice fields, for this as well as for certain other
groups of plants and anitals { Combarns. and the Unionidie, for in-
stance). The present distribution must have been largely achieved
by the Pleistocene, for late Plelstocene fossils indicate a range
broadly similar to that of the present.

The species, aside from (1) durandii and breviloba, fall into
three main groups—I(2) nwcrocarpa group, (3] miner group, (4)
prinus group.  Their relation to one another is not entirely clear,
The inecrocarpa group in some ways holds a central position, which
suggests that it may be the oldest.  So do the persistent stipules of
all members. of the group; this is without any doubt a primitive
character. Its species moreover have the widest range, macrocarpa
extending in the north to Saskatchewan and Maine, and in a great
southward curve with its lowest point well down the Mississippi
Valley ; south of this it is replaced by Iyrata.  Again, Tertiary leaf-
prints which have been referred to decidoons Quercus are limited
thus far to types resembling Iyrafa and minor.  (Cockerell’s species
lyratiformis from the Florissant beds is now reported from the
John Day Basin, Oregon, where Knowlton also recognizes leaves of
the type of miner.) There are =0 muny suggestions of this sort
that at present we must asstne the macrocarpa groun to be nearest
to the ancestral type; and, though the fruit is aberrant, lyrota may
wiell siand near the base of the group.

The mingr gronp, or ol keast minor itself, has sone affinities with
bicolor and macrocarpa.  Its wide range and the Tertiary occurrence
of this or a similar species show that it has valid claims to antiquity.
Whether alba belongs in this group i= micertain; it is difficult 10
see reasons for connecting it closely with any other species.  Mar-
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garetta, regarded by some as a good species, but which has often
been regarded as an alba-minor hybrid, suggests such a relationship,
but this is more or less doubtful.

The clearest and most highly differentiated group is that of the
chestnut oaks. It may be connected with the more typical forms
through forme such as bicolor (shape of leaf) and lyrata (bud-scales).
That the serrate leaf is secondarily derived, through a lobed form.
and not a persistence of the serration found in oller portions of
the penus is perhaps not proven; the tendency to lobation rather
than serrution on young shoots, as well as the general relation of
the chestnut oaks to the other oaks of this region make i, however,
highly prolable.

MarLE eELADN GRoUS

e LT

The above diagram may make more concrete these suggestions
concerning relationships,
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Key 10 Dicoovovs Worme Oaxs or Exstmy Norrm Asomima.
Leaves deciduous, lobed or dentale, ol spinniloge,
I. Lesves lobed
A, Stipules persistent; buds more or less acute
1. Twigs slender; smooth Lyrata,
2 Twigs stout, pubescent.
. Fruit sessile, larger: cup usually deéper and fringed

Macrocarpa,
b, Fruit peduncutate, smalles; cup more shallow, seldom fringed.
Hicalar,
B, Stipules deciduous ; buds rounded.

1. Twigs smooth. Alha,

2. Twigs pubescent.
. Lexves deeply five-lobed, pobescent below, Minor,
b, Leaves undulate, glibrous lelow Chapmant,

II. Leaves deutste.

<A, Budsless clongate, leaves nartower, widest nearmiddle.  Mauhilenbergii.
B, Buds more elongate, leaves broader, widest above middie.

t. Cup scales Tree at tips only ; upper scales very small,  Primud,

=2 Cup scales free; upper scoles often forming a fritge to cup,

Michasici,

Desmumms oF Pratss.
Prare IV. Buds of the rounded type, without stipules, %3
Fro. 1. Q. alba (Uchana, Mlinois).
Fi. 2 Q. 'minor (collecied by H. H. Bartlett, Maryland),

Piae V. Buds of the more acute type, stipules persistent. 4

Fic. &. h maerocorpa (Urbany, {llinois),
Fin 2 (). bicolor (Urbana, 1linais).

Prate VI Buds of the elongated, chestnut aak type. % 3
Fio. 1. (. privus (collected by FL FL Bartlett, Maryland),
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A NEW FORM OF NEPHELOMETER.
By J. T. W. MARSHALL axs H. W, BANKS, mi
(Read Apnil 23, 1p15)

The nephelometer (Gr. vebihy, a cloud), an instrument for the
quantitative determination of small amounts of materizl in sus-
pension, has attracted considerable attention of Jate, although the
principles involved are by no means new.  Since the time of Gay-
Lussac attempts have been made to estimate small quantities of
material by the turbidity or opulescence of their suspensions, This
was generally done by comparing the suspension with a graded
series of known suspensions prepared in the same way, aml the
comparison: was made by looking through a column of the liguidd
and noting the turbidity, or by observing the apalescence, that is,
the light reflected from the minute particles when the liquid is
illuminated by a powerful beam of light. 1t is evident that matier
in smaller quantities or in a finer state of subdivision my he recog-
nized more easily by the opalescence than by the turbidity of its
suspension. That even excessively minute particles: possess the
ability 1o diffract light has been shown by the ultramicroscope,
while by the Faraday-Tyndall convergent beam of light, the optical
in-homogeneity of solutions of crystalloids las been detected.

T. W. Richards in the counrse of atomic weight determinations
1 894" devised a simple instrument to enable the opalescence of
very dilute suspensions of silver bromide to be more readily ob-
served, and in a measure, quantitatively determined, Ten years
later, Richards and Wells* improved the instrument optically and
suggested its applicability to suspensions of subistinces other than
the silver halides. Their actual determiniations, however, scem to
have been arrived at by a process of approximation ; that s, the
unknown was compared i the instrument 1o a suspension of
known concentration, and from these readings a first approxima-
tion of its strength was calculated, A new standard of more
nearly the same concentration as the unknown was then prepared

Y Proc. Am. Acad, XXX, 3o, 1804,
# Richards and Wells, Ain. Chem, Jour. BEXL, 233,
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and comparison again made. This process was repeated until '
ctandard was obtained which when precipitatéd undes the same con-
ditions and compared in the instrument with the unknown gave the
same amount of opalescence. The postulate involved, that the
same quantities of material precipitated under identical conditions
give equal opalescences, is undoubtedly correct, but the method is:
somewhnt tedious in application, although good accuracy was oh-
tained in about three approximations.

Wells in 1006* publistied the results of numetous experiments
i which silver chloride was precipitited under different condi-
tions, showing the influence of electrolytes botl on the maximum
opalescence developed and on the time required for this maximmm
to be reached. He came to the natural conclusion that the amount
of light reflected varies not only with the quantity of material in
stispension but also with its state of subdivision, In this investiga-
tion he used the Richards instrument of 1904 except that for the
usual standard suspension he substituted fixed standards of ground
glass as reflecting surfaces.

P. A. Kober* in 1913 took up the problem of determining quan-
titatively by the use of the nephelometric method, proteins and
sther substances oceurring in biochemical investigations for which
the ordinary gravimetric methods are either very tedious or in-
adequate. He used an instrument on the principle of the Richards
nephelometer but adapted to the framework ant optical parts of
the Duboscq colorimeter. In comparing the opalescences of sue
pensions. differing considerably in concentration, he observed that
the readings were not quite inversely proportional to the concen-
tration of matter in suspension, and from a large number of ex-
periments with suspetsions of different substances he developed an
empitical formula expressing the relation between scale readings
and concentration. This fornmila holds very well for ratios up 10
113 He has successfully applied his instrument and methad 1o the
determination of a number of organic substances such as casein
in milk, urie acid, and other purines. The nephelometer in yarious
modifications has heen used by W. R Bloor to determine the fat

1 Wells, Aiv. Chemy, Jour,, XXXV 00, 1005
' P. A. Kober, Jour. Biul. Chem:, XIIL, 485, 1913
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in blogd, by McKim Marriot for acetone, and by 5. 5. Graves in
antmonia determinations.

A number of instrumentz and methods have been devised for
determining the amount of substance in suspension by the turbidity
of its solittion and these find considerable use in industrial chem-
istry.  While the theory underlying this method is undoubtedly
simpler than the nephelometric theory, it may easily be seen from
the following cousiderations that the turbidimeter cannot equal the
nephelometer in delicacy or sensitivity. Let us suppose that a
standard as used in the turbidimeter absorbs about 10 per cent of
the light, then an unknown of twice the concentration will absorh
about twice that quantity. However, it is not the amount of light
ahsorbed, but the amount transmitted that is observed in this instru-
ment; consequently the quantities measured would be in the ratio
of about 9: 8  The reflected lights measured in the nephelometer
on the other hand would be nearly in the ratio of 1:20 Clonds
which may be measured with considerable accuracy in the nephel-
ometer show very slight absorption when observed by transmitted
light in the turbidimeter,

Our reason for devising a new nephelometer may be made more
apparent by a brief review of some of the considerations involved
in the use of such instruments. The following are the chief fae-
tors involved in the amount of light reflected by an opalescent
solution.  First, the amount of substance in suspension, Second,
its physical state, 4. ¢, the number and size of the particles, and
their albedo which depends upon their own refractive index amd
that of the medium in which they are suspended. The amount of
light obeerved is again modified by the fact that the light from any
particle is reduced by an amount dependent upon the absorbing
power of that part of the liguid above (e particle, Thus we re
ceive less light from the hottom lavers of the suspension than from
those nearer the top. This complex relation between reflection
and absorption demands less consideration when the lengths of the
illuminated eolumns are kept equal than when they are varied. As
far as we are aware, in the nephelometers hitherto deseribid the

light fram the two tubes has heen equalized by changing the lengths i
of the illuminated eolumns of SUspension.

Although in purely
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empirical work the elimination of this factor is not of very greal
impartance, the theoretical consideration of the probiem is greatly
simplified thereby.

As Wells states, the opalescence of a liguid containing a definite
amount of substance in suspension will, owing to the greater total
reflecting surface, increase with the continned sibdivision of the
particles until these reach a limiting size. Rayleigh has pointed out
this fact in a mathematical dissertation on the biue color of the sky,
stating that as the particles approach the size of a wave length
of light their reflecting power decreases. He shuiws that for very
nrnute particles the amount of light reflected should vary as the
sixth power of their radins. The maximum opalescence of the
solutions uz psed in a nephelometer seems; however, to be devel-
oped when the particles are much smaller than a wave length of
light—in fact of witramicroscopic size.

The amotuit of reflected lght lost through absarption is also a
function of the number and <ize of the particles.

It is evident that as the refractive index of the medium ap-
proaches that of the particles, the amount of light reflected will
decrease until, when the two refractive indices hecome equal, there
will be no reflection. This phenomenon may be dhserved if pow-
derell glass be suspended in & mixture of carbon disulphide and
benizal,

With a view to determining some of the underlying faws of
opilescent solutions, we undertook to design a nephelometer better
adapted both to theoretical and to practical work than those in use
at present. By nsing equal eolumns of suspension and actually
measuring the reflected lights with a suitable photometer, not only
is one of the variables eliminated, but also we are enabled to de-
termine the ahsolute ratio of the lights reflected by varions sus-
pensiofis. The photometric part of the apparatus consists of a
wedge of neutral tintell glass by which the light from one of the
suspensions may be controlled; and a suitable optical arrangement
for observing the two beams of light. A Lummer-Brodhun prism
would sérve this purpose admirably, but by a simple arrangement
of mirrors, a field far more sensitive than that of the Duboscq
colorimeter may be obtained.
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Briefly the design of the instrument is as follows: The suspen-
sions to be compared are contained in the two cells A and B shown in
the accompanying diagram (Figs, 1 and 2). These consist of cylin-
drical glass tubes about 4 em, high and 1 cm. in diameter. A glass
plate is sealed into one end, while the other end is covered by a cir-
cular plate of glass slightly countersunk and held in place by caps
of black fiber. These prevent stray light reflected from the edges

—
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of the glass from entering the instrument. Difficulties arising
from the agitation of the liquid by plungers are also thus uvoided
by having the cells completely enclosed. The cells pest o a shelf
and are illuminated normal to their axes by a parallel beam of light
from a 100 Watt lamp, The ravs reflected from the suspiended
particles pass upward to the two mirrors E ang F whence they are
reflected into the magnifying eyvepicce G, This is focused on mir-
ror E. A circle cut through the silvering of mirrar £ permits the
Juxtaposition of the light from tubes 4 and B thus giving the eye-
picce & field which is represented diagrummatically in the accom-
panying illustration. Photometric hulince is effected by changing the
intensity of the light from tube B by means of the sliding wedge of
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neutral tinted plass M. This adjustment s made by the thumb-
screw [ and the position of the wedge is read on a seale mounted
alongside (not shown m the diagram). A compensating wedge
wedge may be placed at J, but unless the sliding wedge /150l Fairly
steep pitch, this is nnnecessary, as the illumination of the feld is
sufficiently uniform without it. Al parts of the instrument from
which extraneous light may be reflected sre painted a dead black.

AN

Fm 2

The covstruction of this instrument was delayed owing to diffi-
culties encotmtererl in securing neutral tinted glass. While await-
ing its completion we decided to improvise 4 nephelometer in which
several minor changes have been made.  Among these may e men-
tioned the substitution for the glass wedge of a metal plate in which
was et 4 tapered slot.  With this instrument we undertook some
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work of rather an empirical nature along biochemical lines  Kober
in one of his papers suggested the possibility of a nephelometric
determination of albumin in urine, and a turbidimetric method for
the same has been developed by Folin and Denis® We therefore
decided to apply our instrument to this problem, The standard was
prepared from fresh normal buman serum as recommended by Folin
and Denis; and was standardized by nitrogen determmations and
also by gravimetric determination of the heat coagulable proteins.

Difficulty was encountered at the start in comparing in the
nephelometer albumin precipitated in the urine with that precipitated
inn the solution of standardized blood serum, on account of the dif-
ference in color due to the urinary pigments.  In order to eliminate
this interference of color, and also to obtain identical conditions of
precipitation for both urine and standard, two eyual portions of
the urine of from 0.3 c.c. to 10 e, depending upon the (uantity of
albumen present, were taken.  To one of these 0 known amount of
standard was added (about 0.5 c.c. of 0.4 per cent. solution of serum
protein).  Both were then diluted to 75 ce. with water and finally
made up to 100 cc. by the addition of & 7.5 per cent, solution of
sulpho-salicylic acid. This gave a final concentration of 1.8 per
cent. sulpho-salicylic acid, while the amount of protein varied from
21to 5 mg, in 100 ce.  The resulting opalescent solutions were then
comprted in the nephelometer, the tobe containmng the urime plus
standard heing placed under the tapered slot, The light from this
tube was then progressively diminished by adjustment of the slotted
plate until photometrie bulance was obtained. From a scale with
suitable vernier the position of the plate was read, As the theory
has not advanced far cnough as yet to permit of a purely formula-
tive interpretation of the readings, the ratio of the concentrations of
the two suspensions was determined from a curve,  This curve had
been obitained by plotting against the concentrations the seale read-
ings obtained when known rating of serum, nale up with albumin
free urine and precipitated with sulpho-salicylic acid wnler identical
conditions, were comparel.  From the ratio 8 determined by means
of the curve, the amount X of albumin originally present in the urine

X
| where » is the amount of

*Falin and Denis, Jowr. Biol, Chem., XVIIL, 273, 1614

wae found by the formula =



1gia] MARSHALI-BANKS—NEW NEPHELOMETER 15

serum albumin added. Quantities of urine and of standard were
so0 taken that & would be in the neighborhood of ane half. Urines
contamning large amounts of albumin (1 per cent. or over) were,
after suitable dilution, compared directly with standard serum solu-
tion. In the case of such urines the high dilution necessary to
obtain suitable nephelometric clouds eliminated the differences of
color mentioned above. The results were compared with gravi-
metric determinations made according to Scherer’s method. The
clear filtrates from the coagulated protein were tested with sulpho-
salicylic acid to nake sure that none of the protein remained in
solution. Duplicate gravimetric determinations gave good agree-
ment. It was immediately evident that the nephelometric de-
terminations were considenibly higher than the gravimetric. More-
over, in the case of determinations on daily specimens of urine from
one patient, the nephelometric results were consistently about 23
per cent. higher than the gravimetric, while in a similar series from
another individual the ratio between nephelometric and gravimetric
determinations was very variable, ranging from 1 to about 1.5
This at once suggested that the different proteins of the serum, while
closely related chemically and equally precipitable by sulpho-salicylic
acid, might give, in the nephelometer, clouds of different intensitics.
It is a significant fact that in the case of patient R where the ratio
of nephelometric to gravimetric was variable, half saturation of the
urine with ammonium sulphate gave a considerable precipitate of
globmlin.

In order to determine what différences might exist between the
opalescences produced by equal amounts of the various serum pro-
teins on precipitation with sulpho-salicylie acid under identical con-
ditions, albimin, euglobulin, and psesdoglobulin were prepared fram
horse serum,  Solutions of these when compared in the nephelom-
eler gave surprisingly different results. The albumin gave about
two and ene half times as great an opalesence as the euglobulin and
about three times as great as the pseudoglobulin, Compared with
casein® suspensions, the following ratios, expressing the light reflect-

* As standurd wolistions of casein are casily prepared and also give very

satisfactory clowds on precipitation with sulpho-salicylic aeil, this snbetanee

forms a very convenient standard of reference i pephietometrie work with
various proteins.
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ing power of equul amounts of these proteins, were found: Casein
=067 albumin: euglobulin=o0.63 casein: psendoglobulin=o0.51
casein.

From the results experimentally obtained with various urines
and from the differences in, the clouds produced by equal amounts
of the serum proteins, it may be seen that the nephelometric com-
parison of urine, in which these proteins may ocenr in varying
amounts; with any definite standard such as serum canmot give a
determination of the total protein.  We hope by the use of specific
precipitants to apply the nephelometric method to the separate de-
termination of albumin and globulin in urine.  This may be of value
in diagnosis.

As the object of this paper has been to consider mainly the
design of the instrument and the reasons for this design, the dis-
cussion of its application to the determination of albumin in urine
his of necessity been hardly more than a snggestion of the work
along that line. The results of the investigation of this particular
problem with the experimental details, will be published shortly.

SUMBMARY,

1. The previous work in nephelometry has been briefly reviewed
and the underlying principles of the nephelometric and turbidometric
methods have been compared.

2. A new form of nephelometer has been deseribed in which
columns of suspension of equal lengths are nsed. “The lights re-
flected are equalized and compared by means of 4 movalile weldge
of nentral tinted glass. Juxtaposition of the two emergent beams
is secured by mirrors.

3 The variations found in preliminary experimenis on the
nephelometric determination of allumin in urine mdicated that
equal amounts of the various serum proteins might give different
opalescences.  Investigation showed that upon precipitation with
1.87 per cent. of sulphosalicylic acid, the same concenirations of
serum albumin and serum globuling gave widely diffevent clouds,

Hammimax Beseauen Lanoaarouy,

Toe Rioseverr Hosrrray,
New Your Ciry.
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Tae Fixep AsticvcroNes Asove Existing COXTINENTAL
Gr.acERs,

The Anticyclones as Agents of Glacier Alimentation—In two
monoegraphs published in 1910" and later in my * Characteristics of
Existing Glaciers,"* a theory of fixed glacial anticvelones centered
over the snow-ice masses of Greenland and Antarctica was put for-
ward upon the basis of a comprehiensive review of the resulis of
polar exploration, This theory furnished an explanation for the
nourishment of these inland-ice masses through adiabatic melting
and vaporization of the ice particles of the cirri, as thev are drawn.
down within the vortex of the anticyclone, and the precipitation of
this moisture, generally as fine ice needles, when it comes into-con-
tact with the glacier surface and the cooled air layer immediately
above it. The obvious application of this theory of slimentation
to the even greater cantinental glaciers oF the Pleistocene and earlier
glacial cycles, was made in a separate contribution® For these
fixed anticyclones themselves, which are deserving of a special
name, 50 much evidence has now accumulated that their existence
can hardly be disputed, though differences of opinion will no doubt
arise concerning their dominance over or dependence upon the
usual migrating cyclonic and anticyelonic movements in the at-
mosphere,

The Northern and Southern Glacial Auticyclones Compared —
That a great fixed anticyclone exists within the south polar region

P=The Tee Masses on and About the Antatetic Continent,” Zeitsch i
Giletscherk., Vol, 5. 1010, pp. 107-120; * Charactesistics of the Iniandeice of
the Arctic Regions,” Proe. dAm. Philos. Soc., Vol 40, 1910, pp. o100,

# Macmillan & Co, New York and London, 1011, Chaps: IX. and XV
il afterword

*W. H. Hobbs, * The Pléistocene Glaciation of North Ametlca Viewed
“in the Light of Our Knowledge of Existing Continental Glociers™ Bull. 4w
Geagr. Soc, Vol 43, 1011, pp. 641-650. When this theory of allmeniation
was announced, | supposed it to be new 1o science.  Professor Hans Cram-
mer has since called my attention 1o & little-known paper by Fricker pub-
lished ns early as 1893, in which a similir iden was made as a surgestion snd
at a time when there was little known wihiich eould have boen cited in its
support.  (De. Karl Fricker, " Die Entstebiumg und Verlireitung des aneark-
tisehen Treibeises™ Ein Beitrag sur Geographie ier Sodpolargebicte.  Lep-

zige, 103, b 06 dlso ™ Antarltis " Scholl wmsd Gramd, Berlin, 1808 rp 185
128.)
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seems to have been early recognized by a number of scientific men,
due especially to the writings of the late Sir John Murmy, Bernacchi
and Duchan. By, them it was, however, assumed that this condition
was determined in some manner by the carth’s southern geographic
pole, and was not connected with the inland-ice. A like natural
tendency to regard movements within the lower atmosphere as de-
termined primarily by their positions relative 1o parallels of latitude,
is more or less general,  As an illustration, it s generally assumed
upen the basis of few and scattered observations within all save the
central European areas, that the ceiling of the troposphore in its
descent from the equatorial regions reaches its minimum altitude
dbove the geographic poles, though it is far more probable that in the
porthern lemisphere at least its mininium of altitude is to be found
to the ssuthward above the continental glacier of Greenland. In
the southern hemisphere the Antarctic comtinental glacier is prob-
ably centered] near the pole, amd in consequence conclissions drawn
from geographic positions are there relatively indecisive. During
the winter season the great deserts of moderate latitudes become
likewise the loci of anticyclones. Their influence upon the general
circulation within the earth’s amosphere should be, however, rel-
~ative to that of the infand-ice simll by comparison. It is becaose
the inland-ice masses have a domed surface that they permit the
air which is cooled by contact to flow outward centrifugally and so
develop at an ever accelerating rate & vortex of exceptional strength.
As already pointed out in my earlier papers; this iz one of the
essential conditions for the formation of strong glacial anticyclones.

Togg: StrorFeic Acmion BELIEVED 10 08 DEFENUENT UPON AN
AvroMaricanty Recumming Distursasce oF Bavnisce
Berweex Opposina Forces.

T'he Refrigerating otir Engine—The strophic action of glacial
anticyclones is one of their most marked characteristics, and would
appear to be dependent upon the shield-like form of the glacier
surface. Opposed to cach other are here the abstraction of heat
from the air above the glacier surface tending to make it slide off
radially, and the increase of temperature due to resulting conden-
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sation.  Unlike the latter, which is determined by the measure of
the vertical component of its fall, the contact cooling is in direct
ratio to the time the layer of air rests wpon thewnow-ice surface.
Conditions of calm therefore favor cooling and descent of air cur-
rents, as high wind velocity, does the warming and consequent re-
tardation or even reversal of the descending current. It is not sur-
prising, thereiore, that the strophic glacial storms are initiated in
calm conditions, " work themselves up ™ or become accelerated to
accord with the acceleration of velocity of hodies sliding upon in-
clined surfaces (here further accelerated by inereasing slope toward
the margins), and bring about their own extinction when the air
passes over the surface oo rapidly for surface cooling to exceed
or equal adiabatic warming, The sudden check in the outward
flow of air, which is one of the most striking features of these
strophic movements, in turn promotes new surface cooling and
causes the precipitation of fresh snow within the zone of near con-
tact to ice, thus often taking place with the sun but little obscured.
In the automatic recurrence of similar movements the glacial anti-
cyclone thus bears considerable resemblance to the hydraulic ram.

Tue Lixes oF Evioexce ror Fixep GLACIAL AXTICYCLONES.

The Earlier Evidence—The observational evidence which in
earlier papers was adduced in support of the existence of the glacial
anticyclone above continental glaciers, was drawn chiefly from the
then available reports upon exploration of the inland-ice masses of
Greenland, Antarctica, and Northeast Land (Spitzbergen). This
cvu!vmce may be profitably summarized under the following heads;

“. Centriftgal flow of surface air currents above inland-ice
masses,

2% Outward (centrifugal) sweeping of surface smow lirgely
derived from the central areas, and its deposition and accumulation
as 4 marginal fringe alout the inland-ice,

3% Snow in large part wind-driven above the sloping portions
of the ice mass.

4" Sudden warming of the air at the end of the blizzard—
foehn effect in descending currents.

- Behavior of upper air currents and movements of the cirri.
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67, The'evolution of the Antarctie blizzard and its rermingtion.

7. Aveas of relative calm corresponding to the flat central
bosses of the jce domes.

8°. Air highly charged with moisture withm the flat central area
of ealms, and precipitation of snow or jce near the glacier surface.

Confirmation in Later Exploration—In the three vears which
have elapsed since the appearance of my " Characteristics of Ex-
isting Glaciers,” important new eéxplorations have been carried out;
the inland-ice of Antarctica has been twice penetrated to ‘the south-
ern geographic pole and new areas have been explored; several
erpssings of Greenland have been made glong new routes; and full
reports upon some earlier explorations have become available It
is proposed, therefore, to review the evidence and show how this
has heen enlarged by the recent ohservations; as well as to add
evidence along hitherto undeveloped directions. Such a discussion
of the evidence seems to be called for at the present time, since in
a paper recently read before the Royal Meteorological Society,
Brooks has presented this theory as his own, merely citing my book
for references to placial conditions

Evipence ror Mome toHAN Oxe AsTicvcroxic CexTer Alowve
Eacn oF THE GrEATER Anpas oF Ixvaxp-Ice

Greenland —The three transections of the Greenland continent
which have now been made within the central and southern por-
tions, have revealed the fact that there are at least two higher plains
upon the snow-ice surface which are separated by a depression.
This depression clearly lies to the northward of de Quervain's roite,
since his summit level is considerably lower than that of either
Nansen or Koch and Wegener, thongh like Nansen's, his Highest
point is found near the east coast. The southern of the two tour-
ishing centers of the Greenland jce-sheet is thus located toward the
east coast and south of the Arctic circle, whereas the other center
lies toward the west coast from the medial line of the continent,

* Charles B Brooks, " The Meteorological Conditiens of an lee Sheet

and their Bearing om the Desiccaion of the Globe," Quart. Jonr. Ro
Metearal, Soc, Vol 40, 1014, pt. 55-76. %
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and in an as yet pndetermined latitude, though certainly well to
the northward of Disco Island (Fig. 1).

Fiz . Sketch map of Greenland 1o show rooghly the position of the ice
domes within the centmil and southern portions.

Antarctica—This discovery that Greenland is provided with more
than one nourishing center for its inland-ice, 1s wholly in accord with
what has now been learned concerning the Pleistocene continental
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glacters of North America, which had the Keewatin, Labradorean
and Patrician nourishing centers that repeatedly waxed and waned
so as to reach: their several maxima at differemt times (Fig. 2).

* QE/FTLESS ARCA

ey TERAINAL MORAINE

e =

Fie 2 Map showing the known anticyclonic centers of the Pleistneene
continental glacier of North ‘Amerien,

From the Antarctic region the experiences of Mawson

S : ) strongly
indicate a near-by anticyelonic area probably located near

the mag-
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netic pale® Within a vortex of this nature the wind velocity i=
determined by angular velocity multiplied into the radius, and hence
one of relatively small dimensions should exceed in vigor one that is
spread over a vast field and in which the steeper marginal area
bears a smaller ratio ta the whole. Mawson has expressed the
belief that his base was near the center of a permanent anticyvelone.®

Tre CENTRIFUGAL Frow oF Susracs Air CURRENTS ANOVE THE
Intanm-Toe Masses,

Early Evidence from Greenwland—In 1011 when my work on
glaciers was published, evidence was available upon thiz from both
the eastern and western coasts of southern Greenland in fatitude
fig® (Nansen), from west Greenland in latitude 60" (Peary and
later de Quervain and Stolberg®), from northwest Greenlind in
latitude 78-83° (Peary), and from northeast Greenland in fattde
77" to 82° (Trolle). With the exception of the first and last men-
tioned, these data applied exclusively to the western coast where
the prevailing surface winds come from the easterly quadrants.

Later Confirmation.—The later evidence for the centrifugal flow
of surface air is ample and throughout confirmatory.  De Quervain,
whi crossed the inland-ice in 1912 between the latitudes of 66° and
687, found head winds while ascending the west slope, but winds
from heliind during his descent to the east coast.® Referring to
the low temperatures and the wide diurnal temperature range within
the central area, de Quervain says:

*1t i the cold aiv of this middle part which even in summer sireams
like water from off the high surface toward all marging, deviated to the
right in consequence of earth rotation " (p. 137).

Measurements of snow temperature made at different depths show

ESir Douglas Mawsor, * Australasian Antarctic Expedition 1or=1014,"
Grogr. Jour, Vol 44, 1014, pp. 257280,

9L e, p G0

T The first Swiss expédition, which penetrated some seventy miles [rom
the coast (A de Ceervain pnd Ao Stolberg, * Durch Gronlands Eiswiste”
Sreasshurg, Tooa).

* Al de Quervain, ¥ Quer durchs . Grimlandeis, Schweizerische Grimland-
Expedition 1012-13"  Reinharde, Mitnchen, 1004, 106 pp, 13 ple, 37 fgs and
miap.  Also pereonsl dommunicatiins,
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how exactly the air temperature follows that of the snow (p. 94).
The diary of the journey (pp. 85-104) shows that for the first
three weeks on the inland-ice the wind blew almost uninterruptedly
down slope from in front, became more variable and shifting on the
plain with slope a few seconds of are, and reversed direction and
blew from the northwest soon after passing the divide, where slopes
became 8" of arc to the eastward.

Eoch and Wegener in their transection of the Greenland conti-
nent at its widest section (between latitudes 72° and 73°) en-
countered essentially the same conditions, the outward blowing cur-
rents constituting a veritable succession of storms whose vigor in-
creased toward both margins of the section.?

Fic 3 Freguency wid-rese ot Danmarks-Haven in nofiheast Green-

lund and (&t the left) a sketch map show!

- ug location of the stati i
reference to inland-ice (after Wegener). S Mo Wi

From northeast Greenland there was available a

: the time of my
carlier discussions of the glacial anticyclones,

only a prelimmary
*J- P. Roch, " Unsere Durchquerung Griinlanils 1yta-1013" Zel
Gesellsch. §. Erdh. 2. Bertin, 191; Alfred Wegener. * Ve, o d.

) ’ a3 "".._-" !;- E §
fiher die wissenschaftlichen Ergebnise der Expedition” Jh::;- Ahger Beright
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statement concerning the prevailing direction of surface winds at
the Danish base near Cape Bismarck. More recently (1911) the
full meteorological report by Wegener has been issued ; and, con-
firming the earlier statement, shows that all strong winds come from
the westerly (inland-ice) quadrants. The frequency wind-rose to
cover the entire period of two years over which the obsérvations
extended, is reproduced in Fig. 3** 1f the wind force had been
taken account of, the easterly sections of the rose would have almost
disappeared, since easterly winds are always light sea breezes,
which at an clevation of only 1,000 meters have been completely
overwhelmed by the northwest winds!* In this rose the dextro-
rotatory deviation of the down-slope winds is apparent.

Farly Evidence from Antarctica—Over the Antarctic inland-ice
the law of surface air circulation had been clearly indicated by the
results of exploration at the time of my ecarly discussion of the
subject, The more important data had been derived from the
sledge journeys of Captain Scott, Sir Ernest Shackleton, Profes-
<or David and Dr. van Drygilski. As carly as 1002 Captain Scott
had ascended the Ferrar glacier outlet to the inland-ice abave the
mountain rampart and pushed west southwestward over it for a dis-
tance of two hundred miles, ascending on ever decreasimg grades to
the farthest point attained, and encountering winds of nearly con-
stant direction coming {rom the south-southwest. The prevalence
of such winds was demonstrated by a single set of sastrugi which
pointed in the same direction (see Fig. 4).% Shackleton on his
polar journey ascended the Beardmore outlet and for a like distance
aof two hundred miles over the inland-ice found strong winds blow-
ing from the southerly quarter and sastrugi pointed in the same
direction. David pushed northwestward from Ross Sea over the
inland-ice to the south magnetic pole, crossing over a crest in the ice
and descending on low grades during the last stage before reaching
the pole, Here the same rule of distribution of currents applies,

" A Wegener, * Med. om Gronland Vol. 42, 1011, pp. 324-326,

1 Wegener, “ Med, om Grimland,” Vol 42, 190 i1 73-75-

2 Far fhis and ather references to work published before 1010, See
# Charmeteristics of Existing Glaclers” Chapters X1V-XVL



106 HOBRS—ROLE OF GLACIAL ANTICYCLONE  IAmitay,

o

=TrL r_‘w

oy

v'_‘_____,__.—---";'_
/,f,-—‘“,—'_—%

Fic, 4. Map ol South Victoria land showing I.'Il.t sledge routes of Seotl
Shackbeton and David over the miand-tee,

for during the ascent he encountered northwest winds with sastrugi
pointing toward the same quarter, but after passing the divide and
on the down grade winds blew from behind—southeast. These
ohservations were fully confirmed by the return journey .
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in Kaiser Wilhelm land also the report of von Drygalski shows
that the prevailing winds blow downward off the inland-ice onto the
sea and the shelf-ice in front, being deviated to the left—the prevail-
ing strong winds are from the easterly quarter.

Later Confirmation—Iater data which bear upon the problens
are derived from the Amundsen and the second Scatt south polar ex-
peditions, from the second German expedition to the Antarclic com-
manded by Filchner, and from the Australasian Antarctic expedi-
tion of 1y1i-14 under cammand of Dr., now Sir Douglas, Mawson.
The route of Captain Amundsen passes through the mountain ram-
part which hems in the inland-ice, keeping a direction diagonal to
it and for some distance after leaving the outlet behind taking a
course near a high mountain range. The few data upon wind
directions which he has jotted down in his narrative, appear to indi-
cate lucal eurrents controlled by these mountains until he had
reached the 8th parallel, where he entered an drea of calms and
light varizble winds.'* The second Scott expedition inasmuch as it
followed the route of the earlier Shackieton expesition, has for the
greater part of the distance, or until it entered the area of calms,
served only to confirm the prevalence of owtwardly flowing wind
currents described by Shackleton

The recent Australasian expedition supplies evidence from a
new uarter—the long coastal area near the Amtarctic circle and to
thie westward of the Ross Sea, on which coast the inland-ice is not
held in restraint by any barrier of mountains, as is the case in Sonth
Victoria Land. Along this coast, summer and winter alike, almost
incessant storms blow off the ice onto the sea. These outwardly
directed storm winds tend to keep the near sea area clear of pack-ice
but offer great difficulties in the way of effecting a landing at all
save those rare pecasions when the force of the wind falls away.™

In Prince Regent Luitpold Land, where the later German ex-
pedition effected a landing upon the inland-ice—here likewise un-
confined iy a mountain wall and with partially detached shelf-ice in

th Raald Amundsen, " The South Pole,” Vol, 2, 1013

¥ Seatt’s Last Expedition.” Val, 1, Chapters XVIT-X1X.

5 Sir Donglas. Muwson, ** Austrulisian Antaretic Expedition toti-14,"
Geogr, Jowur, Vol 44, 1014, pp. 257-28%, maps and plates,
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front—much the same conditions obtain, the wind blowing out to
zea with velpcities sometimes as high as 40 mp.s.'®

OuTwand SWEEPING OF THE SuRrFaceE Sxow witicn. Farrs Ovee
e CrxTral Aneas ar THE [ee DoMEes, AND 1T3 ACCUSULA-
Tiox Anovr TEER Mancixs,

The Centrifugal Snow Broom.—What may be characterized as
the centrifugal snow broom which sweeps out snow deposits from
the central areas and eollects them upon and about the marging of
continental glaciers, is a necessary consequence of - strong amti-
eyclonic conditions; ane its work is in evidence within all areas
where inland-ice has been extensively explored.

From observations by Wegener, a wind velocity of 67 mps
raises the snow lying upon the ground and sets it in mation along
the surface at heights up lo several decimeters: (a fool or there
abouts). With wind velocities of 10-135 mip.s (22.4-33.6 miles per
hour) the migrating drift snow rises in a laver several meters in
height and interferes seriously with secing conditions.  With veloci-
ties of 20 m.p.s. (447 miles per hour), the snow is carried to a
height of 20 meters, or over sixty feet, and much higher in the lee
of obstructions in its path.*®

The Sweepings Belose Oublets,—I\ is obvious that the results of
snow drifting by centrifugal surface currents above inland-ice will
be different according as the ice mass has been huilt up within a
rampart of mountains (South Victoria Land and the greater part
of Greenland ), or as it has been allowed to shape itseli independent
of such retaining walls. In the former case the drift stow pours
out along the courses of the outlet glaciers to form characteristic
aprons at their bases,' or perhaps to produce definite fringing gla-

1 Degtsche Antarktische Expedition, Bericht iber die Titigkoir nach
Verlassen von Stdgeorgien” Zeitsch. d. Gesdlsch, § Erdbunde = Rerlin,
1013, P 13; see also, Ko, prewsz. Metcorel [nstitute, Abh, Bd 4 Heft 11,
" ﬁlf Med. om Gronland, Vol 22 345

18 In the light of absérvations by Scott, Shacklotan ard David in Sonth
Victorin Land. it seems probalile that these apron-like snow deposite in the
form of dry deltas are due largely if nov wholly 1o this cause. Nt nnly

have explorers tlserved the mpid collection of the deify sow st the hase of
the Beardmore outlot, but this origin 4 proballe for the reason that accord-
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ciers such as have been described by Chamberlin®® and Salisbury®
from northwest Greenland, and by the Dines in northeast Green-
land.®

Shackleton, who advanced over the inland-ice in his southern
journey on a layer of gramular surface smow, returned over a
marble-like floor from which the snow had all been swept by the
fierce blizzard encountered near his farthest south. On arriving at
the Beardmore outlet, he found the lower forty miles of the stream
buried deep under great drift accumulations. Scott on his last
expedition was much less fortunate while on the plateau, and the
burden of his diary i¢ a prayer for strong wind to clear the surface.
As is well known, he encountered heavy sweepimgs of powdery
drift snow at the base of the Beardmore, both during his advance
and on the return, and his foundering progress throngh this sofl
snow was a main contributing canse of the final disaster which over-
took the expedition,

From what is known of the characters of freshly precipitated
snow, at different air temperatures; it is possible to rather definitely
asctibe the enormods snow drifis which piled up for four consecu-
tive days upon the Beardmaore glacier apron as the chosse peige in
process of melting as a result of adiabatic rise in temperature in de-
scending currents.  This snow, Captain Scott tells us, was the fine
powdery type, though the temperature was phenomenally high
(4 27— 31" F.), stuck to hair and beartd, and produced pools of
water everywhere® On the return the snow here was soft, loose
and sandy, and sledge work wazs like * pulling over desert sand.™™

Marginal Aceretions of Swow.—Valuable new observations
which bear strongly upon this point, have been supplied in the pre-
liminary report upon the crossing of Greenfand by Koch and
ance of surfoce level Is geverally ollserved to characterice the junctions of

tribatary  with main glicier streams. wherever anow drifting plays only
secondary rdle

o Faur, Geol, Vol 5, 1808, i 370,

L R

= Keeh und Wegener,  Die gluciologischen  Tleobachtungen der Than-
mark-expedition,” Med. om Grinfand, Vol 36, 1012, Chaps VI=VIT, pls
ami figs. B

2 Seott’s Last Expedition Yol 1, pp 335330

HL oy o 30h
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Wegener. They report almost continual storms in all save the
highest section of their journey, the wind descending the slopes and
filling the air with drift snow. Within the marginal portions of
their section, it was established that the finely granular surface layer
of snow is joined abruptly to a more codrsely crystalline subjacent
layer and corresponds to the annual deposit.  This layer was by a
series.of measurements shown to vary in thickness from 20 an., or
about eight inches, in the central portion, to one half moeter {or
abiout two and a half times that thickness) near the east coast, and a
meter (or five times this thickness) near the west coast. Schemai-
ically represented with grossly exaggerated scales, this distribution
is expressed in Fig. 5. It was further determined that the snow

f H\m .

Fie. 5 Diagram- to illustrate the wmarginal hickening of annual snow
deposit upon the Greenland continental glacier due to drifting on radial Hoes,

deposit at Borg, the winter station upon the inland-ice though rel-
atively near its margin, was less than on the coast to the eastward

Still more recently has appeared the preliminary report of
Mawson upon the Australasian Antarctic expedition, in which he
tells us that at the winter station on the margin of the inland-ice,
the winds which blew down slope and off shore mised 2 ses of
drifting enow which poured fuid-thick over the landicape.”

" For months the drifting snow never ceased, o intervaly of many days
wgether passed when it was: imposzible 0 see one's hund held at arm's
lenthe The drift snow became charged with elecericity and in the durkmess
of the winter night all pointed objects and often one's clothes, nose, anil
finger tips glowed with the pale blue light of St Elmo's £y oo Bk
weather lasted almost nine months of the year. Even in the height of sum.
mer, Wlizrard followed bliezard in rapid Aucccssion, e

Where tongues of jce extended out to seq from the shore,
collected upon them though the marginal slopes were sy
it by the force of the blizzard.*

SHOW
ept free of

A, Wegener, " Vorlunfiger Bericht dibier die wissenseliailichen Ermels
nisse der Expedition™ Zeitsch, d. Gesell, 7. Frdbunde = Berlin, 1014,

¥ Sir Douglas Mawson, " Austrmlasian Antarcrie
Geogr. Jour, Vol 44, 11y, pp. =6q,

* Mawsan, " The Home of the Tlizzard" 1915,

Expedition, 1011-14"

Vol 2, . 33
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SvppEx WaAnMING OF THE AIR AT THE EXD oF THE GLACIAE
Brizzann—Foen® ErFecTt 1y DesceExping CURRERTS

Intensive Foehn Effective in Outlets.—This familiar foeln
effect is 50 general 4 phenomenon about the margins of both the
great continental glaciers that it has long been recognized®® The
general rule holds that the temperature of the air rises 45 the
blizzard is evolved™ Wherever a mountain rampart exists, the
elevation of temperiture becomes accentuated within the glacier
outlets, and melting in Antarctica 15 almost unknown except under
these conditions. An interesting example of this which has not
before been emphasized, is supplied by Armitage, who on the first
ascent of the Farrar outlet found a stream of water seven feet in
width and nine inches deep Aowing beside the jce®® The effect of
similar currents of water was noted by David on his ascent 1o the
plateau’ from MeMurdo Sound. A remarkable instance, also, with
long contimunce of high temperature, 15 that above cited from
Captain Scott’s journal, while camped on the apron below the Beard-
more outlet.

The Greenland Foehn.—The characteristic Greenland foehn has
been subjected to a special study by Stade, the meteorologist of the
Berlin Geographical Society's expedition to Greenland.® He finds
that the temperature changes are much more pronounced during
the winter season, the rise an March 5, 1893, having been 12° C
anid probably much more within the space of a few minutes.
Stade’s conclusion is that these foehn winds are connected with low
ireas maving northward in the Davis Straits, the maximum of air
temperature and the mmimum of relative humidity corresponding
cither exactly or approximately with the minimum of pressure at
the station.  De Quervain's later studies wotld indicate that Stade's
moving depressions may better be regarded as pulsations within 3
stationary low pressure arex lying over Davis Straits and Baffin's

¥ St "Charactenstics of Exisming Gliciers” pp. Tdo-130, 268271

= £f. Mawsan, “ The Home of the Blizmnd”

A A Armitage, " Two Years i the Antarctic” London, toos, p

2 Dr. H. Stade, *Uber Foehnerscheinungen an dgr Westkiiste Nord-
grontands und die Veranderumg der Lofttemperatur und Feuclitigheit mit
der Hibe, Nach den Beobachmngen auf ler Station Karajak, Gronland Ex-
pedition 1351-03." Vel. 2, 8y, pp. 01531

FROC. AMER. PUIL. S0C, Tiv, 318 8, FRINTED AUS, & 1915,
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Bay. Tt would then seem more in harmony with the facts to
reverse this conception and assume that the low pressure area is
stimulated to greater vigor by the arrival of the strong winds of
the glacial blizzard over the inland-ice.

Foehn Level and Foehn Clowds on Greenland Coast—In north-
cast Greenland the monumental investigations by Wegener furnish
us with clearly defined results. In addition to full station weather
ohservations collected for a period of two vears at two neighboring
stations—FPustervig, relatively near the inland-ice margin but within
a canyon, snd Danmarks-Haven, fifty miles further outward and
upon the coast? we have systematic observations with kites and
captive balloons n ascents to heights generally of 1,500 meters and
occasionally of 3,000 meters.™  The results indicate that the larger
weather disturhances are in the main controlled by the great high
pressure area lying over the cantinent, that two strongly marked
lower inversions. in the atmosphere occur almost uniformly ; the
first within the lower 200 meters and explainable by surfice radia-
tion and latent heat of freezing and thawing, while the second lies
between a thousand and fifteen hundred metess of altitude, at which
level the great outward stréaming from the inland-ice pours over
the rock plateau to the westward of the station (avernge height of
the platean 800 meters). The most prevalent cloud form ai the
stations consists of a series of flat mushroom shapes in 4 suceession
of steps or ‘stages located near the upper inversion level—on an
average, 1,200 meters.  These being clearly due to foehn conditions,
they have by Wegener been given the name, “ foehn elotde

The twenty-three ascents of kites and balloons whick were car-
ried out at the time of more pronounced fochn, indicate that owing.
to the partial disappearance av such times of the lower cold moist
layer, the temperature inversion of this lower layer is less pro-
nounced and the temperature fall in the layers ahove it more pro-
nounced, than at other times—in the most marked instances this fall

A, Wegener, " Meteorologische Terminteolachtungen am Danmacks-
Haven, Med, om Grinlend, Vol 43 1011 PN 7243550 W Brand gnd A
Wegener, * Moteoralogische Reobachtungen der Swation Pustervig? ibid.
1012, pp. 440-z62.

* A. Wegener, " Drachen- unid Fesselballanaufstiege ans gefulirt s der
Danmark-Expedition 1006-08" {hiil, 1000, pp. 1-75.
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s super-utliabatic, The typical foehn cloud kiver at 1,200 melers
is-also at such times much more marked, and up to this level the
wind velocity falls off with altitude. Of the greatest significance
were the results of ascents made at the time of easterly winds—
always light; since these show that the easterly winds fade away
below the altitude of 1,000 meters; at which level they beécome
replaced by the westerly winds which are controlled by the anti-
cyclones.™

AREAS OF RErative Cary axp oF A Hioary CHARGED WITH
Muotstore CorresvoNmxg 70 THE CeExtar PLaixs
Urox tue Ice Domes;

Frew Early Data—At the time “ Existing Glaciers ™ was pub-
lished, no observational evidence bearing upon this point was avail-
able from either of the large continental glaciers, since neither had
‘heen penetrated to the central area. Nansen's crossing of Green-
land within its narrowed southern portion, had revealed an area of
calm near the divide on his section, but it could not then be predi-
cated that this represented more than the margin of the central ice
plain.  The most valuable evidence then available wais derived from
Northeast Land (Spitzbergen), which is covered by a dome of
inland-ice about a hundred and cightly miles in diameter and be-
tween two thousand three thousand feet in altitude in the central
aren.  This area of inland-ice had in 1873 been penetrated by A, E.
Nordenskitld and Palander, who several times observed the sinml-
tancous fall of irregular ice-grains enveloped in water and of smail
snow-flakes either rounded or star-like, the ice-graing iréezing im-
mediately on falling and becoming attached to the hair or clothes,
since the air temperature was —4* to —35°.%

Recently Acquired Evidence from Antarctica—During his pene-
tration of the inlanil-ice area of Antarctica, Captain Amundsen en-
tered near the 88th parallel, what he believed to be a region of per-
manent calm or of light winds and of generally clear weather.
As evidence of this, the snow surface was smooth and with no in-

A, Wegener, * Deuchon- und Fesselballomm/latirgs," Med. am Grinl.,

Vul. g2, 1o00, pp. G075,
M Cf. “Exising Glacters,” po a77.
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dication of drifting. To a depth of 2 meters no hard snow layers
were encountered, so that the cutting of blocks ({or guide cairns)
wis all but impossible.  During the fortnight spent within this region
the sky was clear with light winds, except on two days when there
were snow flurries at intervals. The brightening after the snow was
accompamied by such a high sun heat that even with most clothing
removed the perspiration poured from the bodies of the men.®=

Captain Scott, who entered the same genernl region abour a
month later, found conditions of atmozphere and snow which during
the three weeks of his stay within jt, agreed strikingly with those de-
scribed by Amundsen. After passing the latitude 8704°, hardly a
day passed that he did not jot down in his diary the fact of variable
light winds and the noteworthy softness of the snow surface, sev-
eral times expressing his opinion that the area is one of light winds.
He was evidently puzzled by the appearunce of the clouds. “ which
don't seem to come from anywhere, form and disperse without
reason.”  Again he describes them as * coming and going overhead
all day, drifting fram the S, E., but constantly altering shape. Snow
crystals falling all the time" (Vol. 1, p. 370). On January 10 on
the return from the pole. he notes, * Snow clowds, looking very dense
anid spoiling the light, pass overhead from 8., dropping very minute
crystials ; between showers the sun shows and the wind goes-to the
sowe

Again and again he ealls attemtion to the dampness and the chill
itt the air, so that when the temperature is observed, all are surprised
that it is not lower. The sun was often shining through the snow
mist, and bright sunlight and overcast sky interchanged with kalei-
doscopic sudidenness, Near the margins of this area snow blizzards
were experienced, but in comparison with the Barrier blizzards Seott
notes that the wind was surprisingly light. Temperatures rise
after the blows. Within this central area the sastrugi are found
in isolated areas, show cross dircctions and general fack of cone
stancy, The snow got softer the farther they went o the sauth-
ward, and it was soft below the surface also “as deep as you like
to dig down.™  Yet with all the wind variations, there was evidently
a preponderance of sowtherly and southeasterly  winds. Like

2 Roald Ammundeen,  The South Pole” Val, 3 Chapters X1 -X111,
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Amundsen, Scott noticed a slight descent toward the pole from
latitude 86%4°, which, taken in ¢onnection with Shackleton's obser-
vations, would indicate that a erest of the inland-ice lies to the west-
ward of the routes.®

Kecent Data from Greenland —The account of de Quervain’s
transection of Greenland in 1912 in latitudes 66° to 70° N., affords
strikingly similar pictures. Whereas for the first three weeks of
the journey unpon the inland-ice. or until the ascent had been made
to the interior plain, the outward blowing winds had been so con-
stant as to be depended upon in laying the course; shifting winds
of light force were encountered upon the plateau, and when the
grade had been reduced to 3" of arc even west or northwest winds
blew for short intervals. The air appeared to be strongly sat-
urated with moisture, and at times only the heads of the party would
be visible at moderate distances because of the bank of mist, and
beards, chins, caps; ete,, became Frozen jnto solid masses of ice,
Once over the divitde, where the slope took on a descent of & of are,
the wind blew strongly from the northwest.*

The expedition of Koch and Wegencr which crozsed Green-
land in its widest section (in latitudes 71° to 79°), perhaps fur-
nishes us with the most satisfactory evidence that has vet become
available upon meteorological conditions above the central boss of a
continental glacier; for the reason that no other expedition has
penetrated so close to the heart of the area. From the preliminary
report ‘we learn that above the Hat dome of the ice shield. an arvea
of atmospheric calm was encountered aml much mist, which in the
morting was generally so denise as to hide the sun,  The air was so
supersaturated with moisture that the clothing was constantly wet
and could be dried only oceasionully and with much difficulty.
Everywhere ahove the altitude of 2,000 meters the spow surface
was gramular and underlain by coarser grained material, though
without hard separating crusts.®

Despite the supersaturation of the air and the frequent deposi-
tion of minute fce erystals from the clouds, it is pretty clear that if

05 Senit's Last Expedition. Vol, 1. pn. 363-383.

T AL de Quervain, * Quer durchs Grimlundefs.” 1014, pp. Bs-137.

Al red Wegener, ™ Varlinfiger Bericht fiber dic wissenschaftlichen
Ergetinisse der Expodition” Zeitsch, d. Gerell, f. Erdk, = Rerlin, 1914,
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referred to the plateau surface, the peculiar shifting clouds so often
observed by Scott and Antundsen are at a low level. The diurnal
temperature chart published by de Quervain for his transection of
Greenland, shows that radiation from rhe surfice is apparently but
litde interfered with by clouds after the central plain has been
reached. The abrupt change from this condition to ome of small

daily range of temperature, is found on both margins of the summit
plain.

Tae Cierr AnoveE axp Anovr THE Existing CONTINENTAL
{(GLACIERS,

The Earlier Data—The relative abundance of cirrus and cirro-
stratus clouds; not only above but about the margins of the con-
tinental glaciers, will be patent to any one who will read the lists
of cloud observations which are published in the reports of the ex-
plaring expeditions®  In 1911 it was possible to cite the oliserva-
tion of Nansen, that during his crossing of the inland-ice thaugh
the sky was in the main clear, those clouds which were present
were generally the cirri or some combination of these with cunmli
or strati.  From the Shackleton expedition in the Amtarctic it was
learned that the upper air currents near the winter station generally
appeared 1o move in from the northwest quadrant and veer south-
erly as they advanced toward the pole. The “polar bands” or
“Noah's Arc™ clonds (cirro-strati) in genersl moved southerly,
but to the west of the Ross Sea, the “ polar bands ™ moved in from
the morth northeast or northeast veering round from the north.
Thus, as a general rule, it would appear that in this region the
upper currents carrying the cirri move roughly parallel to but in
opposite direction from the stronger surface currents, In the same
region additional evidence was derived from the behavior of the

8 See, for example: * Wilkes Exploring Expedition (when off the Ani-
arctic Continent),” Vol XL, Meteoralogs, pp. z7t-201; Mohn und Nansen,
“ Durchyuerung von Granland,” Per, 3it,, Erginzungsh, 105, pp. 225 Duc
d'Orleans, " Crolsitres océanographiques dans In mer du Gronland en 1903,
Resultats Scientifiques,” Bruxelles, 1007, PP 52-67; Stade, " Grinland Expe-
dlhﬂl‘l iltr Gﬂiﬂflﬂhﬂﬂ {ITIT 'Eru[klmdg"" Yol 2 . 4;;_‘“': “IEEB'IH'. a Mt—
tearologische Terminbeobachtungen,” ete. Med. om Grinland, Vol 43, 1911,
R, 2231t
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vapor cloud above Mt, Erebus, which starts from an elevation of
nearly 14,000 feet.

Later Investigations.—In endeavoring to investigate further the
movement of the cirri upon the borders of the inland-ice, the data
supplied by the Greenland Expedition of the Berlin Geographical
Society have been taken into consideration. Stade in his tabulated
meteorological data at Station Karajak on the west coast, in some
thirty-nine instances has supplied the direction of movement of
the cirri observed, These I have plotted to form a wind-rose (Fig.
6)." which shows clearly the dominance of movements from the

10 6. Wind-rose for the cieri whese direction of modon was obe
served at station Karajoc, West Greenland (several identified dochifolly =6
cirri are meluded ).

southwest towirds the northeast, or in other words in the general
direction toward the interior region of the Greenland glacier."

Tae Evoruriox oF TRHE GLACIAL BLizzarp axp: 175 ARRUPT
TermixaTion iy Foeux,

The Sequence of Events—~While there is apparently mwich i
common between the Greenland and the Antarctic glacial blizzards,

#H. Stade, Lo, pp 41r-44L

1 In ceniral Europe Hesselberg has discovered a general correspondenee
hetween the drift of the cirri and that of the low pressure areas, bt b
view of the plservations of de Quervain upon the stationary character of the
depression over Baffin's Bay, it is unlikely that thiz conclusion ean be applied
1o the borders of the mland-ice (Th Hesseiberg, * Ucber die Lufthewegung
im Zirrusnivean und die Fortpflantung der harometrischen Mimima" Heitr.
= Phveib. . fr. dimespliire, Vol 5, 1014, pp. 168-208,
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we are indebted especially to Professor David, the meteorologist of
the Shackleton expedition, for a careful study of the Anmrctic
type of blizzard as observed by him at the winter station of the ex-
pedition. 1 shall here cite my earlier summary of the sequence of
events with some personal interpretations.

" The sequence of events during a blizzard beging with genile mortlierly
winds which continue for a duy or two during which temperaiures are low,
David has sugmested that during this time air is flowing ‘south to take the
place of air whose volume has been reduced as & result of the hest ab-
stracted from it on the ice surface. Then there follow twa or three days of
absolute calm, during which the temperature continues to full Still firther
coaled upom the jce surisce, the alr, 8 week or more after the éalm besing,
starts 1o move autward inall directions and so develops (oo the edge of the
barrier) a southessterly blizsard  Simultanconsly with this movemen: the
steam cap over the voleano of Erebus, which normally indicates an apper
current from the northwest, swings round to the north and mkes on an
reeelerated movement, 35 though it were being drawn from that direetion
to supply air to the void resulting from the violent surface current towsrd
that ‘direction. Corresponding 1o the incressed velocity, the normal fochn
effect near the pole must be much increased a3 it is also o the thescent of the
surface current from the platea. As soon as the warming of the polar air
from this canse has become general, the high air pressure f the ecnrsal aren
is ontomatically reduced. and thus the blizzard gradunlly hrings about (ts own
extinction, To the warming effect of the ilescending air owrrent there is
rather suddenly sdded the latent heat of condensation of the maisture when
it is precipitated i the form of fine ice erystals within the air lavers jus
above the snow-ice surface. The rather sudden termination of the Wizzard
may be thus in part expliined, David has suggested that o *hydraulic ram
effect’ muy be induced in the afr of the upper currents, shee the steam
clouds over Erebus, normmlly the antitendes. are temporarily  reversed in
direction al the termination of a blizzed, and jor & short iiterval Llow

northward.”

Source of the Precipitated Snow.—The actual initiation of the
stroang wind may begin very suddenly, as has been especially empha-
sized by Simpson*® and even more strikingly Brought out by Maw-

son.** " Referring to the source of the moisture of the blizzard as
the cirri, | stated in 19171

*There @8, however, the probability that in general this snow or fee it
ndiabatically melted and vaporized during its descent 1o the platean, and
subsequently congealed as B mives with the cold air ubove the plotean

 * Uharsieteristics of Existing Glaciers” pp, 2370
" Scott's Last Expedition,” Vol. 2, P. 325

" Mawson, " The Home of the Rlizzard,” Vol 1; Chap, VIL
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surface. This would explain the clear skies which are so general over bath
Greenland and Antarctica diring snows in the higher lovele. Ti'is of course
true that the tatent heat of fosion and vaponzation of tce absiracted as it is
from the air durmg [ts descemt within the eye of the anticyelome, will
counteract th some extent the warming adiabatic efect; and it b5 nol improb-
alile that the lomg duration of Antarctic blirzaeds unil their somewlat sodden
terminations sccompanied by soowfall arc explained in mirt by the trans-
formutions of latent and sensible heat

= Additional evidence for the combinental amd glacial rather than the
palar nature of the Antarctic anticvelone is derivied frem the strong blizzasds
obiserved at the British winter quarters on MeMurdo Sound, Whersze the
lighter galex came from the sontheart and indicated a contral by local condi-
tionx, a blizzard of the firsl magnitude wor wod thus influenced and alwoys
suv Pl dowem froni the soslimeesi—thal i, frooh the Bigh plateew, and nol from
the pole, since otherwire the cartl's rolation would have given il en carlerly
dircction. When lts powers begin to wane, it is once more controlled by local
copditions and the wind again comes from the southeasterly quarier.”

Amundsen’s Meteorological Records at Frambeim —Hardly less
significant were the directions of prevailing winils observed at Frum-
heim, the winter quarters of the Norwegian Antarctic expedition
of 191o-12, when the position of the station is considered in refer-
ence to areas of inland-ice and shelf-ice. The great dome of inland-
ice of King Edward Land lies to the eastward and southeastwarid
distant only about 115 miles, whereas that of South Victoria Land
amd itz extension to the southeastward, lies a number of times that
distance away to the southwestward and westward, Now it was
found that easterly winds predominated (31.9 per cent. of the time),
with southwesterly and southerly winds next in order (4.3 per
cent. and 123 per cent. respectively).  Southeasterly winds were
especially rare, aml as calms reigned for o fifth of the time (21.3
per cent.), the winds for four fifths of the period are those ac-
counted for. Earth rotation should deviate original southwesterly
winds into a southerly direction, and southeasterly to easterly **

Alternations of Calm and Gale.—The straphic characteristic of
the glacial Llizzard thus involves frequent alternation of ealms with
strong gales, and all systematic observations about the inland-ice
reveal this characteristic. As already pointed out, the strophic
quality is to be expected from the recurring disturbance of balance
and later recovery in opposing forces (ante, p- 188), Delow in tabu-

e B, Amundien, " The South Pole Vol & g 381382
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lar form are set forth the percentage of calm days to all others as
determined at several stations near the margin of inlund-jce :

Peecestace oF Carts Davs o Aw Chnmes

Vi Cemi,
Danmarks-Haven, Northmst Greenland®® . ... .cocooioniian, 26
Cape Adair, South Vietaria Landd® .. iiiciriiae 45
Seott's First Baze, South Victoria Land® . ____ . ... .. .... 23
Cape Evans, South Vietoria Land®™ (up to 4 miles per hir. 208

Per Cemb) iaens ey e e o PR = :
Framheim, Whale's Ill:r‘-"' {up to 4 miles per hr. J,.upﬂcmt | a4 |

Tue Tueory o Cikcom-Poraw WiHiers ve, Tne GLAcIaL
ANTICYCLONES,

Views of Ferrel and Honn—From u theoretical view-point, the
theory of circampolar whirls first enunciated by the American
metcorologist Ferrel, has been a most serious obstacle in the way of
securing a clear conception concerning the air circulation above
continental glaciers, Ferrel's theory assumed that strong westerly
winis sweep about the geographic poles with increasing accelern-
tion of velocity and corresponding centrifugal effect, producing
polar areas of calm and of low barometer. Of the southern polur
region, Hinn stated as late as 18y ™

“The whole Antarvtic circum-polar arca prosents os, us already stated,
with o vast cyclone, of which the center 15 at the pole, while the westerly
winds circulite round 56

This view was of course larpely speculative, aml when Bermacehi
of the " Southern Cross" expedition had brought out on the basis
of observations at Cape Addare the evidence for anticyclonie condi-
tions over the south polar regions, Haun cantiously qualified his
earlicr statetents in the following manner;

s Wegener, “ Med, om Gronl” Vol gz pp. pas-326
# Bernacchi, in Borchgrevinok. * First on ihe Antarctic Continent™ p-

3ob.

1 Shaw, * National Antarctic Expediion, 1gos-1po4, Metcornl” Pt Ls
T

4k Simpsem, " Scott’s Lust Expedition® Vol 2, p. 330,

* Amundsen, * The South Pale Val, 2, pp. 381-382

o0 * Handbuch der Klimatologie #te aufl, Veol. 3, 1897, » 543
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" As regurds the Antarctic Antieyelone, T have cerfainly not expressed
myzell quite clearly in my " Klimmtologie, as you very fzirly point out

"1t iz certmin that an area of pressure, which is higher than that of the
surrommding ares; lying over a chilled continent, or over amy considerahle land
mrea, cam coexist with a great polar cyeline, for instance, round the South
Pole.. The very low tempersture eap produce in the Jower sitaa of the
attnosphere a pressure higher than lts environmente, The anticyclone, how-
ever, musi Le very shallow, and at o modetqte elevatlon the ordinory cironls-
tion of the atmespliere must refstabllsh dtsell. . . . It bz Just possible thot
further infand a slight increase of pressure might be obizervabile. There is
certatnly no chance of the exiztence of a real continental anticyclone, inas-
much as at Cape Adare the barometer falls from summer to winter."2?

The above and later qualified statements by Hann™ fail to
take proper recognition of the facts as known at the time, and in
treatises on meteorology published within the last five years, the
circum-polar whirls are still treated with slight qualifications of
statement, and as though in harmony with observed facts.™

Fiew af Menardus—Probably the fullest discussion of this
subject is that of Meinardus in 1909, who is so firmly convinced
that the anticyclonic conditions that were encoutered in Kaiser
Willelm Land at the margin of the inland-ice, cannot have an
upward extension beyond 2,000-3,000 meters, that he even proph-
esicd for the interior portions of Antarctica a bare fand aren desti-
tute of snow.®™  He savs:

¥ The elevited parts of Antarctica ahove 2.000-3.000 meters extend into
the great cyclone of the polar whirl and encounter westerly &ir currents
iharing the entire vear. With this verification, which also further can be
supported by certain dlservations from the marginal region, there follows
the conclusion thal the Awlarctic antieyelowe ran in general be present as
achive elewend in fhe giv HSrewlation only in the lomver ports of the South
Polar region. . . . At the sen leviel aid on the borders of the infand-ice, that

# Letter written to Captain B, F. Scott in 1900, The Antarcne Mannal,
0T, ™ 33

212 Lehrboeh der erlﬂ;lrulugivr." e anfly 006, po M5 Klimatalugie,
Vol. 1, 1908, p 334.

# Moore, " Descriptive Meteorology,” toto, p. 14t Milham, " Meteor-
ology,” 1012, po 162

SOW. Meinardus, ™ Meteorologische Ergelnisse der Winterstation der
tGauss,’ 1002-03, Deutsche Sidpolar Expedition wor-03." Vol 3 (Mefeorol;
1, Vol 1), po 332 (The italics are in the onginal, W. H. H.)
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is, within the known coast areas, the anticyclonie conditions do not yet
prevail”=

Referring 10 the observations by Captain Scott and by others
upan the plateau back of the Admiralty Range in South Victoria
Land, Meinardus is quick to seize upon the westerly winds which
there prevail as evidence that the anticyclone has af these levels
given place to the supposed overlying cyclones; failing utterly to
note that the winds are here blowing directly down slope from the
ice plateau—that is, radially™  Other statements in the report are
likewise strikingly at variance with facts cither known at the time
or revealed by later exploration.

Objective Studies by Burkow in Antorctica—The first oppor-
tunity to measure the upward extension of anticyclonic conditions
over Antarctica, has been taken advantage of by Barkow, the
meteorologist of the Second Germian Antarctic Expedition ; who at
the margin of the inland-ice of Prince Regent Luitpold Land (lat.
777 435" S, long. 347 40 W.) sent up pilot balloons, one on Fehruary
2, 1912, to the extreme elevation of 17,200 meters, or over 8 km.
above the base of the stratosphere®  These observations disclose
the fact that easterly and northeasterly winds prevailed at the time
of observation in all levels wp to the ceiling of the tropasphere ™
whereas with the begmning of the stratosphere, where at an eleva-
tion of 9000 meters the wind tums suddenly through an angle of
1#0% and blows steadily from the southwest, 1§, as is probable, the
miargin of the continent corresponds ta the margin of the inland-ice
dome, these ohservations considered with due regard to the known
deviation indicate an anticyclone fed by currents ahove the tropo-
sphere.  Barkow calls attention to the specnlations of Méinardus
above referred to, and shows that they are controverred by the re-
sults of his olservations.

Bl po213 Handly in harmony with' the faers known at the Bme
since easterly winds, and not westerly, are here the rule (cf, "E;dninil
Gliichers,” jrj 264-265, and ante, p. 157),

MLoc.poau

FE Barkow, “ Vorlinfiger Bericht @ber die meteotologischen Heobs
achtungen der deutschen antarktischen Expedition, 1g911-12% Fer. o k.
preuss, metear. Inst, No. 63 (Abh, Vol 4, No. i1 1. Berlin, 1013, pp, 7-11,

5 Tha italics are mine—W_H, H, £
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Barkow also carried out kite and balloon ascents, of which a
proportionately slight per cent. only failed to show strong inversions
of the lower atmosphere, these inversions being proportionately
both' strong and frequent during the winter season. The entire
lower layer of 2,000 meters height was shown to have an average
higher temperature than the lowermost layer, the temperature rise
from the bottom being often as much as 10° C., and in one instance
10.5° C. In the spring season an alternntion of inversions ( Blatter-
stroktur} was abserved.

e Quorvain's Studies in Southoest Greenland. —No less de-
cisive in showing the absence of polar whirls are conclusions to be
drawn from observations on the borders of the inland-ice of Green-
land, At a number of stations on the west and southwest coasts
ranging between latitudes 64° and 60°, de Quervain and Stolberg in
1900 conducted ascents of pilot balloons during the spring and early
summier, carrying their ohservations to extreme heights often in
excess of 10,000 meters (634 miles).* and in one instance of 16,000
meters, In 1912 Drs, Jost and Stolberg supplemented these ob-
servations by o seconid series carried out through the winter season,
with results concerning which only a preliminary statement is as
_yet availalile™

As has already been explained, the prevailing suriace currents at
these stations are controlled by the Greenland anticyelones anid blow
from the southeasterly quadrant, though with considerable modi-
fication by local conditions below the level of 1000 meters, On
the basis of his balloon observations, de Quervain his declared that
*“at least in greater elevations a polar whirl which is in any degree
unified and connects the different low pressure regions of the eir-
cumpaolar katitudes, can, for the time of our obsérvations in Green-
laud and leeland, not be thought of.” This conclusion was later
extended to the remaining portion of the year, as clearly stated in
the preliminary announcement of the results of the later series of
observations. '

WA, e Quervain, * Gleicheeitige Pilotaufstiege fn Westgrinland tnd
Fslund, Veranstaltet durch die schweirerisch-deutschen Grinland-cxpedition
und das dinische meteoralogische Institut,” Reatr. = Phyeik d. fr. Afmos-
Mhare, Vol 5 1913, pp 132138

AL de Quervaln, * Quer durchs Grimlandels, Die schweirerische Griin-
land-Expedition 1wia-13" Munich, wg, pp to6, ple 15 fgs g7 and map.



214 HOBBS—ROLE OF GLACIAL ANTICYCLONE  [Apil 2

Distribution of Air Circulation in Successive Levels b the
Inlund-Teé¢ Margin—De Quervain’s data upon wind divection are
&0 vitally important as to merit some further consideration, particu-
larly as regards the distribution of circulation within the different
levels; and I have therefore used them to plot the wind-roses for
each of the following ranges of altitude: o-1,000 meters, 1,000—
3000 m,, 3,000-5,000 m. (also separately 3,000—4,000 1. and 4000

LS
1

Frw 7. Wind-roses to illustrate the prevaiting winds beieen the levels
indicated at afations on the wesy zod soithwest coast of Greenland { fromm
data by de Quervain),

5000 m,), 5.000-7,000 M, 7,000-0,000 mh, and g,000-11,000 m.
For the lower levels between 40 and 58 ascents were available,
whereas above 0,000 meters there were 13 and Jess, The wind-
roses have been plotted with weighting for wind fopee (5 mp.s.
counting as one unit and the nearest unit being taken). Wind
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velocities less than 5 m.p.s. were disregarded.  The results, which
are set forth in Fig. 7, show that below an altitude of 1,000
meters the wind, usually of low velocity, is notably variable and
controlled by local conditions. At the level of 1,000 meters the
outward fowing currents make their appearance in force and con-
trol the circulation up to an altitude of between four and five kilo-
meters, above which level inwiird blowing currents from the south-
westerly quadrant are of equal frequency and of about the same
force as the outward blowing currents from the southeast. The
clockwise deviation of currents in the anticyclone lead us tb suppose
that the outward blowing currents start from the interior in & more
casterly direction, and that the inward blowing currents from the
southwest are almost directly opposed, when they arnve in the
interior.

The observations of Wegener made with kites and captive
balloons in northeast Greenland, were not generally carried above
an altitude of 2,000 meters, though in a few instances considerably
higher. They agree among themselves and with those from west
Greenland, in showing the presence of relatively variable winds up
to about a thomsand meters altitude, where these currents are re-
placed by the strong winds coming down the slope of the inland-ice
and increasing in forée and in clockwise deviation @s one ascends
to the limits of the observations,  While they are therefore of great
interest in revealing the strength and the upward extension of the
glacial antieyelone, they have less direct liearing upon the question
of creumpolar whirls®

With the above data of Barkow and de Quervain before us, it
seems that the time has arrived for lnying the specter of the circum:
polar whirl, and of returning to an objective basis of reasoning.

Winps Anovr THE Marctw or e INvaxp-Iceas a MEASURE oF
taE Vigog oF THE ANTARCTIC ANTICYCLONE:

The Zone of Control off “ Wilkes Land.”"—The vigor af a glacial
anticyclone may be measured, upon the one hand, by its extension
upward from the glacier surface, as has been considered in the last
section.  Upon the other hand, it may be possible to use the exten-

8 Wegener, * Drachien- und Fesselballonaufstiege,” eic, pp. 3539
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sion of its circulation outward bevond the glacier margin as an inde-
pendent measure of its energy. This latter line of inquiry is a
particularly fruitful one, for hitherto there has been a general
tendency to delinnt the zones of wind within the Southern ocean in
terms of parallels of latitude.™ Some years ago under the strong
impression that the vigor of the Antarctic anticyelone should domi-
nate within an extra-marginal zone upon the sea, I plotted the wind
observations regularly made by the Wilkes Exploring Expedition

AN | [ F
\ K
1 \ J
Fro & Map -ff & portiom of Antarcticn on which the wind directions
fecarded by the Wilkes Exploring Expedition kave been plotied, but with the

margits of the continent corrected 50 as to arcord with Mawson's map, The
orrowy powni fo the wind guarier.

but was puzzled to find that, whereas there was evident control by
the anticyclone within a zone several degrees in width for all points
to the westward of long. 150% E., this difl not hold for the eastern
portion of the route. Now that Mawson has definitely shown®
Wilkes to have been in error in locating the margin n;’ the con-
tinent for that portion of his rewte 1o the ewstward of fongituce
150° E,, the apparent lack of harmony which 1 encountered s suffi-
" CF, for example, Meinnedus, |, o,

8 Wilkes's Exploring Expedition™ Veol. 11 { Metearal
: = T ; OEY ) Pp- Tr2-a00.
W Gagagr. Jowr. Vol 44 (September, 1914), Pp. 257286, S
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ciently explained. As will be readily seen by reference to Fig. 8,
wherever Wilkes was within about three degrees, or some 200 miles,
of the inland-ice, the prevailing westerly winds were replaced by
southerly and southeasterly ones blowing off the ice, Mawson's
own oliservations leave us in no doubt whatever that this rule of
control holds for those margins of the continent which he explored
to the eastward of longitude 150" E.

So apparent is the zone of control limited to a belt of 200 miles
breadih, at the time of vear when Wilkes maie his observations,
that the winds within and those without this zone for several de-
grees further, have been plotted in separate roses with results shown

in Fig. 0.

Fue o At the lefr; wind-rose lased upon Wilkes's aliservations at
paints distant less than 2o miles from the inland-ice; and, st the right wind-
rose for o zene geveral degrees fn width lying immediately outside the cone
ol contril.

Capt. Davis of the Australian Antarctic Expedition cites an in-
teresting incident in the voyage of the Aurora off " Wilkes Land ™
which jndicates he was at the nirgin of the zone of control "

The wind observations made by the * Challenger Expedition” at
points which we now know 1o have been near the mland-ice," are
confirmation of this conclusion that the cffect of the anticyclone
extends outward from the margins, Had the observations been

oia Home of the Bligmrd, vol. 2, p g0

% Challeniger Reports. Summarcy of Results. First part. chart 23
those of the first German expedition in 1001-03." offer valuable

W, Melnardus, * Deutiche Sindpal-Expedition o1-03." Vol. 4 {Metcor,
Yol 2) ppe 312-310.

TROC. AMER. PMIL 50C., LIV, 215 0, PKINTED AUG, 9, 1915,
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taken in the winter season, it is well nigh certain that the zone of
control would have been found much wider,

EfFecT oF TiE GREENLAXD ANTicvaone Urox MIGRATING
Crcronic DeEpressions:

Supposed Passage of Cyclones Aeross the Continental Glacier of
Greenland.—A question which has been raised in connection with
the Greenland continental glacier concerns the interaction of the
glacial anticyclone and the migrating cyclones which have been sup-
posed to move in toward the continent. Upon this assumption it
might be held, upon the one hand, that the cyclone temporarily
overwhelms the anticyclone, and springing over it " continues upon
its course; or, upon the other, that the cyclone is extinguished by
the greater vigor of the anticyclone. Evidence which is now fast
accumulating shows that, if the cyclones really advance toward the
anticyclone, they are at least halted at its margin, and that both
become parts of a system of exchanges planetary in its scope.
There is, however, upon the assumption stated the possibility that
an especially vigarous cyclone approaching the Greenland coast
during one of the weaker stages in the anticyclonic strophe, may
make its influence felt not only upon the near side of the anticyclone
but beyond it as well,

Nansen's Observations —Nansen's conclusion after his cTossing
of Greenlanid was, that "“the platean seems to be too high and the
air too cold to allow depressions or storm centers 10 pass across,
though, nevertheless, our observations show that in several in-
stances the depressions of Baffin’s Bay, Davis Strait and Denmark
Strait can make themselves felt in the very interior, We experi-
enced, also, one instance of the crossing of a depression in the
storm center which passed over us on September 8, This must have
been, according to Professor Mohn, 3 secondary

v depression which
lay over Baffin's Bay some days before'™ This was, however, in

latitude 647 where the inland-ice is extended southward in a rela-
tively narrow tongue. According to de Quervain on but one occa-
sion during the period of his observations an ihe Greenland west

w4 First Crossing of Greenlam)" Vol, 2, o4
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coast, was there “an approximation to establishing™ a relationship
between an extremely rare northwest wind in the upper levels and
a deep low area which lay over the Greenland Sea**

The High Pressure Storms and the * Tauben” Depressions
Registered at Dawmarks-Haven—In connection with the series of
continuous meteoralogical observations made at Danmarks-Haven
in northeast Greenland, Wegener found that while low pressure
areas of normal character arrived at the station, they appeared to
proceed from the area of the Greenland Sea: and in the absence of
parallel ohservations, lie assumed from the southward. The great
storms came with an expansion of the high pressure area lying
above the continent—so-called * high pressure storms.” During the
two years over which the ohservations extended, there passed over
the station on two oceasions ( October and January), what Wegener
has called “1auben™* depressions, On these oceasions the barom-
eter took a deep plunge with reverse movement, as it does during
the passage of a tropical cyclone: yet there resulted neither pre-
cipitation of any kind nor any wind worthy of mention. This
rather remarkable phenomenon Wegener has sought to explain as
due to a cyclonic movement which has *sprung over " the anti-
cyclone above the inland-ice, and in so doing has been robbed of its
meisture,™ and also, it would seem, of its cireulation.

In view of all the facts, there i3 reason to doubt that “ low "
areas ever get across the larger domes of inland-ice; and the storm
paths which Vincent has drawn across the continent of Greenland
as though it were an expanse of oéean, should be accorded little

weight, though it would seem thit Wegener has been somewhat
influenced by them,n

" De Quervain, “ Gleichzenige Pilotballomuifsilnge, et ™ p. 146

" Perhiaps best tramalated, "barren or Y sterile”

" A, Wegener, * Meteorol, Terminbeoh, aim Danmarks-Haven,” pp. 328
J-53

E Vincent, “ Sur fa marche des minima barométriques dans la région
polaire arctique, di moiz do seprembre 1882 wu mois daodt 1883 Mem, de
Facad. Koy, de Belgigue, oo,
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Tue Fixen Low Pressuse Areas Mawrcixan 1o THE Istaxp-Ice
Masses,

Antaretica—The Filchner expedition seems to have established
the fact that & Axed cyelonic depression liey off the border of the
Antarctic continent covering the indentztion of the Weddell Sea®
In the light of this discovery it now seems highly probubly that a
similar fixed depression lies above the indentation of the Ross Sea
on the other side of the Antarctic regions and in nearly similar re-
lutionship to the inland-ice on either side.™

Greenlund —1t is well known that a fixed low which is espe-
cially miurked in the winter season lies off the southeast coast of
Greenland, usually assumed to wrap nself about Cape Farewell jn
the form of a crescent, and extends northward into Davis Straits.™
HRecent studies of the free atmosphere by de Cuervain at vanous
points on the west and southwest coasts of Greenland mdicate that
a stationary area ol low barometer (probably continuous with this)
extends northward in Baffin's Bay as far a1 least as Disco lslanil.™
The sinmlianeous studies carried ont with pilot balloons at Akureyri
in Iceland, indicate clearly that a stationary depression lies over the
Greenland Sea to the northward of leeland and between the Green-
land and Norwegian coauts™ The Dines from the journcys of
bottles set adrift during the expedition of 1966-08, determined that
the currents within this sea are such as would indicate 4 stationary
cyclone, since movements were southward along but off the Green-
land coast unnil near the latitude of lecland, where they are de-
flected castward and Inter northward so as to follow the trend of
the Norwegian coast.™ Thus about both the glacial anticyclone

L P

¥ See R. F. Scoit, “ Voyage of the Discovery Vol 3, P diz: L Bes-
naechi, " To the Soulh Polur Regioms, 1001 p. 28 W, &, Bruce, * Pular
Explorations,) New York, 1901, p 1871 Simpyon, * Scow's Lasi Expedition,”
Vol 2, p. 324

T .Ci, Tor cxample, Herghaus, " Atlas der Meteorologie,” Pls, 33-14.

A de Duervain, * Gleichzeitige Pilothallonunfstiege in Westgrimland

une Litinid” Bapdge = Physik, de Freten slimuasphare, Vol, g 11 145
¥ de Quervain, L e p. 146 e e
AL Trolle, ® Danmark-Ekspeditionem il Gronkamils Nordomikyst, 19005-

o, moder ledelse af L Mylins-Erichsen™ Med. om Growd, Vol 41, 1011

See alsa, Sir John Murray and Dr. J. Hjort, = The Depths of ihe Ocean”
London, 1602, p. 284,
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groups it would now appear that the stationary *lows " are located
where land barriers oppose a progressive movemnient,

Tue Rove oF Tiae Graciat Axticycroses oF Hicn LaTiTones 18
THE GEXERaL A Coooration,

Circulation is Through Cyclones and Anticyelones, Not Merely
Within Them—In an earlier section it has been shown how the
preconceived notion of 4 polar cyclone, the circumpolar whirl, has
held back the advance of knowledge where the polar regions are
cancerned : and how this theory has now been effectually disposed
of by the ubservations of de Quervain, Stolberg, Barkow and others.

The progressing cyelones within the atmosphere were by Ferrel
assumed to be symmetrical in their distribution, with warm upward-
moving central portions and cold marginal rims; to circulate the
same body of air which repeatedly passes through certain paths:
and to have their origin in areas of cxcessive local insolation,
Instead of being symmetrical, as has now so generally been as-
sumed, the study of isotherms in connection with cyclones has
shown that these lines usually trend in the United States from
southwest to northeast, crossing the cyclone by quite regular paths
instead of being cireular about its center. The evidence derived
from international clowd observations would seem 1o show that the
cyclone is a Torm of circnlation throwgh swhich fresh povtions of
the atmosphere contimie fo stream: and both evclones and anti-
cyclones are to be regarded as eddies which at the surface of the
earth have cach a hot and a cold side. The same air streams
through bath, its progress when projected upon the earth’s surface
being a sinuous line.

Belts of Progressing Cyclones and Anticyclones about the Ant-
arctic Glactal Anticyelones—The southern hemisphere, being less
mvaded by the continents, offers for the purposes of study some
advantages on the side of relative simplicity, and it has in its
meteorological aspects been recently comprehensively treated by
Lockyer,”™ who has taken full acconnt of the results of Antarctic

W, ) 5 Lockyer, " Smithern Hemisphiere Surface Adr Cireulation,”

ete., Solar Physied Committer onder dircotion of Sir Norman  Lackver,
London, e, pps 106, ple 15
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explorations and has endeavored to show the conjugate relationship
of the Antarctic anticyclone area with successive zones of cyclones
and anticyclones which migrate in an easterly direction around it
Thus it is found that between the low pressure zones lying within
the tropics, and the fixed high pressure area above Antarctica, there
are centered near the latitude of 40° S, a series of broad anti-
cyclones which progress eastwardly and produce the effect of a
zone of mean high pressure.™ Ta the southward of this series of
anticyclones and centered near the latitude of 6o 5., there are a
series of more vigorous cyclones of smaller dianeter but progress-
ing eastwardly at about the same angular rate.  As we now know
from later observations, the stationary cyclones Iying over the
Weddell and Ross Seas, establish further connection with the anti-
cvclones above the Antarctic continent,

The cold outward flowing currents from the Antarctie conti-
nent upon reaching the zones of progressing cyelones are believed
by Lockyer 1o ascend in them upon the west side, thus accounting
for the cold western half of theee cyclones near the ocean Jevel.

The Australisn Antarctic Expedition appears now to have sup-
plied the evidence for such a rise of the air at the southern margin

of the progressing cyclones near the horders of Adelie Land. As
Mawson puts jt:

"1t appeared as if we were sitmted on the battlefiell, 88 to speak, af
opposing forces.  The pacific influeice of the * nonth * would hold sway for

a few howrs, a whole duy, oF pven for 3 few fdays. Then the vast energies
of the “south” would rise to the bursting point and *through blizzard *
wounld be the resalt”

At this junction zone of the glicial anticyclone with progressing
cyclones, the air rises to produce rotating cumulus clouds, and it
scems not unlikely that the interesting * whirlies *
with this nuprise.®

The air having ascended in a evelone oy jis journey northward
toward the equator is believed next 1o pass downward through the
progressing anticyclones to the northward, and to reach the ocean’s
surface as the warm current on the west side of these eddies.

W, 1. Humphreys, * On the Phiysics of the Atmodphere” Fowe, Frank-
fin Iy, 1012, pp. Lar-2s).
* Mawson, “ The Home of the Blizzar " V'

are connected

ol. 3, pp. 157-8 (fig.).
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Mawson's demonstration through wireless communications that the
hurricanes of Adelic Land preceded by some 48 hours the arrival
of storms at the Australian south coast, would seem to support
strongly this view (Fig. 10}.%

"
AN

_;7 W -t .r. 1-.'“;:

|

Fic. 10, Map to illustrate. the prevailing atmospheric conditions to the
southward of Australia (compiled from maps by Lockyer and Mawson).

The Rile of the Glacial Anticyelones in the General Air Circu-
lation te Draw Down the dir of the Upper Stratum in the Tropo-
sphere and to Direct it Equatorsoard —From these geographical
relationships it appears highly probable that the glacial anticyclones
above the inland-ice masses stand in a definite conjugate relation-
ship to stationary cyclones above embayments of the continent.

M Ci, alwo, * The Homwe of the Blized” Vol 2 fig. app. p. 141
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The glacial anticyclones of Greenland and Antarctica through draw-
ing down of air from the upper levels and as a consequence of a
throughout centrifugal surface circulation, are a very impormam
factor in reversing the high poleward currents within high latitudes
and directing them equatorward, The source of energy which

A o o = B
C BGR S
\ ¥
h \ v ! r ) " il
F) il ol |
— - —r—— |
by o -—-—-1\ ,*-'r - % 5 ——
= Py

by

Fia 1. (&) World map to show the presem position of tHe earth’s
wiind poles where the air of the upper sirstum within the traposphore 8 in
lurge part returned to the surfoce o ghell anticyelonen. (33 World map
to show the corresponding wind poles of the Pleistocene perind, '

maintains the whole system in motion, is of course the sun’s leat
concentrated within the tropics and in Lirge measure absorbed over
the continental glaciers (Fig. 11a), It i to be assumed that the
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uplands of northeastern Siberia, the smalles miazsez of inland-ice
within the Arctic region, and in fact any area where heat radiation
is large, contribute in lesser measure to draw down the upper air
currents and reverse their direction. It is the unhinderéd radiation
of desert areas which is responsible for the anticvelonic conditions
over them in the winter season. Abnormally high insolation in
the summer season may, however, overbalance this effect and pro-
duce cyclonic effects. The moisture locked up in the ice needles
of the cirri and related cloud forms above those areas of ocean
where evaporation is large, is thus returned to the earth and espe-
cially within the glacial anticyclones. Of thi= moisture a portion
is-added to the glacier mass, but at the present time a much Lirger
portion is hlown off the glacier surface into the sea and so returned
to its source in the waters of the ocean.

Unrenary oF Mcutioas,
Axx Ampol,
March 13, 1015



THE TEST OF A PURE SPECIES OF (ENOTHERA.
By BRADLEY MOORE DAVIS,
{Read April 22, 10r8)

There is probably no group of plants the genetic hehavior of
which has received so much study as the species of (Enothers. No
group of plants is more prominently before the attention of experi-
mental plant morphologists, and vet to many botanists it may appear
that no group has yielded less of satisfaction. Among the workers
with these forms there is the widest divergence of opinion, and of
general conclusions there is little to show for the time that has
passed since the appearnnce of " Die Mutationstheorie" in 1901
and the many years of study thar e Vries devated to the group
previous to this date,

Can we find the point around which the difficulties cluster most
thickly or from which the varied interpretations diverge most
sharply? And, finding such a point can we formulate lines of
experimentation that may clear the confusion of assumptions from
which the various workers have proceeded to follow the lines of
study that scemed to them to lead towards the light? Te the
writer the center of the difficulties lies in the Fact that we have na
accepted tests for the genetic purity of an Enothera species.

By the genetic purity of a species we mean such a constitution of
the germ plasm that a form 1= able to produce gametes of one type
only for each zex. That is to say all male gametes of the form
should have the same germinal constitution and thus be physio-
logically and morphologically equivalent. and all [emale gumetes
likewise should be of the same type.  The male and female mumetes
may, however, differ in their respective effects upon the characters
of a succeeding generation as shown by the marked differences
exhibited by certain reciprocal crosses, for example, the reciprocals
between biennie and muricata, or between biennis and frawciscana

1 Genetical Stodies on (Enothera—V1
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(Dre Vries "13, Davis '13). The zygotes of a pure species must
be uniform since the gametes of each sex are respectively similar,
and a pure species, to employ that convenient expression of
Bateson's, is therefore homozygous:

It has generally been held that no further proof of the genetic
purity of a species is necessary than the established fact that it will
“breed true,” and 1 venture to believe that at present most workers
among the cenotheras regard this test as entirely sufficient to establish
the character of any material with which they work. [If any line of
(Enothers breeds true in large cultures it i3 confidently regarded as
homozygous. Should a line fail to breed true to any considerable
degree it is stamped as a hybrid if the mvestigator inclines Lowards
the methods of analysis chamacteristic of the Mendelian school.
Those who believe i mutations are so fully content with this test
that to them a form need breed only reasonably true to pass as a
pure species and the departures from the type, called mutations, are
interpreted as due to modifications of the germ plasm not, however,
the result of hyvbridism,

If a line of (Ewothera fails to breed true to a very considerable
degree and thus becomes: suspected of a hybrid constitution, few
workers would think of using it as favorable material for experi-
mental studies to test the mutation thepry, It is the lines which
breed reasonably true that chiefly form the subjects of (Enothera
discussions with reference to the theory of mutation. Such a line
is the Lamerckiang of De Vries's cultures which when grown in
large numbers in selfed families appears uniform except for certain
small proportions of individuals, * mutants,” which stand out clearly
From the mass with dislinctive characters that are readily recog-
nized and may be clearly deseribed. It 75 important to note that
these new types are not connected by intergrading forms with the
parent Lamarckiona and that they appear in successive gencrations
of Lamarckiana with certain degrees of regularity.

More impressive than this history of Lamarckiana which has
flowers open-pollinated, and consequently likely in Nature to have
been crossed by insects, is the behavior reported for certain lines
of Enothera with flowers close-pollinated in the bud, a condition
that obviously gives their own pollen the first chance to function and
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thus greatly reduces the probabilities of crosspollination. Such a
plant is the bisnnis of Holland and other parts of Eurape, a type of
especial interest not only for its clear morphological characters but
also because there is good reason for believing the line to be very
old., This plant forms a large population in Holland with no near
relatives and must have lived there for many years (o have so thor-
oughly established itself. Indeed it seems probable that this
(Enothers, the Dutch biennis, has came down to us essentizlly un-
changed from the times of Linnzus who gave us its name. We
know of no plunt better representative of a species of (Enothera
and we know of no (Enothera which better satisfies the generally ac-
cepted requirement that a species should * breed true”

tEnothera biennis L. in large cultures comes so true that hun-
dreds of plants may be grown without finding a single departure
from the type, Yet Stomps ("14) in large cultures of selfed lines
from a single wild plant collected in 1903 discovered that this Dutch
biennis throws occasional marked variants (* mutants ') and he de-
seribed a bionnis semi-gigas with the triploid number of chromo-
somes (21), a dwarl type biennis npanells, and a color variety
biennis sulfurea with pale yellow petals. De Vries ('r5) at once
took up the study of certain of the lines established by Stomps and
grew enltures which totaled 8300 plants, Among these were 4
plants of biennis semi-gigas about 0.05 per cent., 8 plants of bicwnis
nanclls about 0.1 per cent., and 27 plants of biennis sulfurea abiout
0,3 per cent.  Since the percenmtages from Lomarcékiong are for
semi-gigas 0.3 per cent. anil for nanella 1 to 2 per cent. it should he
noted that with respect 1o these “mutants ™ biennis appears to he
the more stable of the two species, although the color variety biennis
sulfurea constitutes o new type of variant in experimental studies
on eenotheras. A culture of over 1,000 plants from selfed seed of
biennis sulfwrca, all with pale yellow flowers, produced 2 dwarfs
thus establishing a * double mutant™ 0. biennis mut. sulfurea mut,
nanelln.

As evidence for the mutation 'I!"ll."ﬂ'l'l'}" of De Vries this behavior
of the Dutch bienms is to the writer much more trustworthy evi-
dence than the behavior of Lamarckions for the reason that the
latter plant in his opinion does not have a clear record of long
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exigtence, and probably is a form of comparatively recent origin.
De Vries ('15, p. 173) has asserted again most vigorously his belief
that Lamarckiana may be identified with a specimen from the United
States collected by Michaux and now in the collections of the
Museum 'Histoire Naturelle in Pans (De Vries, "1y). With this
view | cannot accord for reasons recently published {Davis, '15a).
The showing of * mutants" from (Enothera bicims can hardly be
considered very encouraging for the mutation theory of orgame
evolution when it is remembered that bicanis semi-gigas is self
sterile, that biennis manella is frequently weakly or discased, and
that bienniz sulfurea is clearly a retrogressive type having lost the
power of producing normal yellow flowers.

Although O biennis of all the aenotheras brought into the ex-
perimental garden still seems to me the form most iree from sus-
picion of gametic impurity, nevertheless the line of Stomps has not,
st far as we know, been subjected to the tests of a pure species sum-
marized at the conclusion of this paper. De Vries ("15, p. 173) is
mistaken in quoting me as conceding for this species a pure origin
I regard it simply as the safest maverial yet known on which to
comduct studies in mutation, and with which other forms may be
crossed to determine by the constitution of the F, hybrid genera-
tion whether or not their gametes are uniform,  [f in such & breed-
ing test the F, progeny fall into two or more classes the assump-
tion is justified that the form crossed with biesnis must produce
different classes of gametes. 1T the F, hybrid generation is uniform
then it is ¢lear that the functioning gametes male and female are
respectively uniform. The fact that Lamarckiona crossed with
biennis produces the * twin hybrids™ laeta and veluting is, as has
frequently been pointed out, one of the most important facts favor-
ing the hybrid nature of Lomarékiana. 1t seems to me not improb-
able that other species of (Enatherd will eventually be isolated more
stable than the Dutch biennis.

Some exceedingly interesting observations have recently been
reported by Bartlett ("15 a, b, ¢) on the behavior of certain smiall-
flowered, seli-pollinated American amotheras. When grown in
selfed lines these forms exhibit a behavior similar to that of
Lamarckiana and biennis in throwing off in successive generations:
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certain new types. Thus from ome of the species, Enothera
stenonieres, a mutant gigas appeared with the diploid number of
chromosomes, and from another species, 0. Reynoldsii, certain in-
dividuals throw from 60 per cent, to 80 per cent, of dwarfs. It is
too early to discuss the remarkable peculiarities of these forms since
the material of Bartlett has not yet been tested for its purity along
the lines presently to be discussed. Burtlett regards the new types
g5 “mutants " in the sense of De Vries. The important point for
our consideration at present is the fact that these wild plants ap-
parently continue to reproduce themselves from generation to gen-
eration even while giving rise to the new forms, _

With respect to the raxonomic status of the plants which we
have just considered the writér sees no alternative but their recogni-
tion as clear species. The Lamarckiona of De Vries, the biennis of
Linnweus, and most of the types which Bartlett has segregated from
the American wild cenotheras breed true as to the mass of their
progeny, What further qualifications can taxonomy in reason de-
mand? Specics they sre by virtue of their morphology and by the
test of the experimental garden which shows their characters to be
stable to an extent that renders it certnin that each line self-pol-
linated will maintain itself unchanged, indefinitely as far as we ean
see, through successive gFenerations.

The argument that will follow as 1o the genetic constitution of
these species of (Enothera does not in the least affect the matter of
tj:u;:r recognition in taxonomy s spf.-cii:s. It may be prefaced by
two questions stated as follows: Are the types pure species, homo-
zygous because the plants develop male gametes of one type only
and because their female gametes have a uniform germinal constity.
tion? Or, are the types heterozygous developing different types of
male gametes and different types of female; briefly expressed have
they in some degree a hyvbrid constitution ?

But it will at once be asked, how can a species be Tiybrid even
to. a small degree and yet breed as true as do these forms under
consideration? Where in their behavior is evidence of a hyh'rid
constitistion such as might appear in the splitting off of numerous
different fornis varying from the parent type, some in small degrees
and some in larger degrees?  Where is evidence of an orderly segre-
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gation of characters such as has been demonstrated by the Men-
delian research of recent years? To these questions it must frankly
be answered that only here and there are glimpses of situations
which may possibly be interpreted in terms of Mendelian analysis.
For example the characters of the " mutants " are frequently clearly
retrogressive which indicates that gametes are formed lacking cer-
tuin factors and suggests phenomena characteristic of segregation
from heterozygous stock and very common it Mendelian behavior.
Again, the repetition of the same “mutants " in a series of genera-
tions suggests & mechanism of precision such as we have come to
associate with Mendelian inheritance. Tt is not, however, my pur-
pose to argue at present this phase of the discussion for the experi-
mental data before us is not in such shape that it can be handled to
the best advantage. We admit that the " mutants ™ themselves do
not establish their parents as in their nature hybrids. 1f they did
there would of course be no discussion,

Under two conditions and apparently two only can a hetero-
zygous species be conceived as breeding true,

Firgt, if of the varied possible types of gametes only such snite
and produce fertile sypotes as will perprtuate the same germinal
comstitution as the parent, then from such zvgotes a heterozygous
line might continue indefinitely as an impure or hybrid species.
Under such conditions gametes which might in varied combinations
give a series of different forms (segregates) are either not matured
or if matured fail o function, Some degree of pollen and ovule
sterility must be expected as the result of such conditions.

secand, if of a varnied assortment of zvgotes formed by the
union of different types of gametes, only those develop swhich have
the germinal constitution of the parent then again a heterozygous
line might continue indefinitely and constitute a species, although
impure or hybrid in its nature. Since all of the zygotes which re-
sult from other combinatione of gametes either die or fail to develop
beyond some early stage in the life history this condition would
result in some degree of seed sterility or in the production of weak
plants that must soon perish.

Now the cenotheras as o group cxhibir a very remarkable amiount
of pollen sterility and also a high degree of ovule abortion, and
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these plants frequently give extrnordinarily low yields of fertile
seeda although seed-like structures may be formed in abundance,
These facts we are just beginning to appreciate as offering prob-
lems for simdy, They seem to the writer of vital importance to
the discussion of (Enothero genetics, facts which the Murationists
cannot ignore and behind which the Mendelians can muintain at
present a very strong defence for their interpretations of the peculi-
arities of (Enothera Behavior.

With respect to pollen sterility it has for many years been
known that Lamarckiona and other species of (Enothera presemt
large propurtions of akortive pallen grainz, Bateson (1902) early
seized on the point and suggested that the high degree of pollen
ahortion in Lamarckiona indicated a hybrid plant exhibiting partial
sterility, Geerts ('09) in an excellent account of the cytology of
Lamitrcking showed that approximately one half of the polles grains
fatl to mature amd that one hali of the ovules fail 1o develop em-
brvo saes. Geerts (oo, p. 80 also made an examination of more
than one hundred species of the Onagraces, giving us the condi-
tions of pollen and ovulne fertility represented in some fifteen
genera.  He found generally in species of (Enothers amd allied
genera a degree of sterility similar to that in (Enothera Lamarcki-
ang, about 30 per cent. for both pollen and ovules. On the other
hand certain species of Jussiena, Zauschnerio, Epilobium, Boisdy-
vafia and Lopesino are wholly or almost whally fertile.

My own examination of conditions i the material of (Enothera
with which in recent years | have worked has shown some remark-
able differences in the amount of pollen and seed sterility. Such
elose pollinated types as the Dutch Mennis, the Dutch muricata,
American muricata (from Woods Hole), Tracyi, and a number of
American small-flowered species ( for example biemnis A and Biennis
D ef my cultures (Davis, "11, p. 197 and "12, p. 385) ), have very
large amounts of sterile pollen.  Tn the case of the Dutch muricata
much more than 50 per cent. of the pollen has been sterile.  Yet
these are types which by virtue of their long history of close polli-
nation might be expected 10 be among the purest of the Species.
On the ather hand the race grandiffora B ( Davis, "1, p. 203), and
the western species franciscann and tenusta, all open pollinated
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species show hardly more that a trace of pollen abortion, and
Jamesii irom Texas only a small amount of sterile pollen. 1 have
this winter tested the seed fertility of some of these species by ger-
minating the seetls in Petri dishes after the method recently de-
scribed (Davis, '156). The Dutch biennis gave a germination of
about gfi per cent,, the Dutch muricata about 72 per cent., grandi-
fiora B about g5 per cent., franciscana about 65 per cent., venwsia
about 87 per cent., and Jamesii about g1 per cent.

It is interesting to note in the above list that the Dutch biennis
with its very high peércentage of fertile seeds (96 per cent) has
extensive pollen abortion and the Dutch muricata with seed ger-
mination of gbout 72 per cent. has an even lower degree of pollen
sterility. Omn the other hand there are species of Enothera with
both high seed and pollen fertility as illustrated by some races of
grandiflors, venuste and Jomesii, 1 was especially interested in
the conditions shown by my race grandiffora B with its almost per-
fect fertility both 25 to pollen and seeds. This race isolated from a
collection of mixed seeds gathered by Tracy in 1907 at Dixie Land-
ing, Alabama, has always seemed to me to present a type of ymusual
purity. The line was started in 1908 by a eross of two similar
plants (Davis, "11, p. 203) representing the hroader-leaved forms
of grandifiora that were present at Dixie Landing and I have grown
in small coltures several generations of the plant without noting
departures from the type. 1 cannot accept the criticism of De
Vries ("14, p. 348) that my race grandifiora B is impure hecause
from the same collection of mixed seeds of Tracy's he obtained a
diversificd culture as 1 ulso reported (Davis, "11, p. 203) when the
line was first isolated, and because De Vries and Bartlett found
the Dixie Landing station “(esolate " five years after the visit of
Tracy. This type may prove to be nearer to the desired pure spe-
cies than the Dutch biennis.

Jeffrey in recent papers (142, '14d, "15) has taken the position
“that in good species the spores or pollen is invariably perfect
morphologically ™ and from this standpoint refuses to consider La-
marckiana and other cenotheras as suitable material on which to base
experimental studies on mutations: To him the mere presence’ of

FROT, AMER. FHIL 50C., Liv, 215 v, PRINTED AUG. 9, 1915,
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abortive pollen suffices to stamp a form as hybrid in character. This
represents an extreme view which in consideration of our fgnorance
of possible physiclogical reasons for pollen sterility can at present
scarcely be claimed as more than an bypothesis. For the wnotheras
we are greatly in need of cvtological and physiological studies on
pollen sterility more detailed than the meidental observations that
have so far been published.

With respect to the abortion of ovules among the enotheras our
information is practically confined to the ohservations of Ceerts
('09}, mentioned above. It appears that in O, Lamarckiona and a
nuinber of other species only about 50 per cent. of the ovules de-
velop embryo sacs. Other species also show varying degrees of
ovule abortion. The ovules that faill to mature are represented in
the capsules by a fine light brown powder known to all wha wark
with cenotheras, Such powder is very common in the capsules of
various species and their hybrids, and it seems probable that ovule
sterility iz as widespread in this group of plants a5 i3 the degen-
eration of the pollen. As in the case of polien sterility we do not
know to what extent physiological conditions may aleo be respon-
sible for the abortion of ovules.

Pollen and ovule sterility involve of course the elimination from
the life history of immense numbers of gametes and raise the fol-
lowing questions. Can it be thar this elimination throws out of
the life cycle types of gametes with germinal constitutions differ-
ent from the gametes that matured and that function? It is pos-
sible that some of the (Enotheras species, in hybrid condition, reg-
ularly mature for the most part particular classes of gametes
which in conjugation will perpetuate the genetic line of the parent
plant? Gametes even when normally developed may still not fune-
tion as when pollen grains fail 1o germinate upon the stigma be-
cause its secretions are not suitable, 1t must also e borne in mind
that there are yet other phases of the life history when gametes
may become ineffective as through failure 1o conjugate or hecause
of a high mortality among zygotes, embryos, or young plants; such
forms of infertility are expressed in sterile seeds or in weak off-
spring which never mature. Possibly the so-called * mutants " arise
when mmusual gametes from hvhride, occasionally surviving the ex-
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tensive process of degeneration, form zygotes also able to survive
and to develop plants diverging from the parents.

The subject of seed sterility among the cenotheras has scarcely
been touched by the students of the group and yet it seems likely to
become a factor of prime importance in its bearings on the problems
of (Enothero genetics. Any worker among these plants shortly
becomes aware of the fact that very many of the sced-like struc-
tures which he sows fail to germinate even though seed pans are
kept for many weeks. De Vries makes frequent reference to the
facts of seed sterility and the writer has in recent vears recorded
the number of seeds sown in cultures and the number of seedlings
that develop. The results are most surprising and must have sig-
nificance aithongh what that may be remaing for the future to dis-
close. A line of research has opened before us that will demand
a special technique, for it is not enongh to know merely that certain
proportions of the seeds germinate within the time practicuble for
keeping seed pans under observation,

Seed-like structures sown on the earth are obviously lost for
further enquiry as to the facts of their viability ; a proportion of
secdlings appear but as for the residue, that cannot be examined.
The residue may contain viable seeds the germination of which is
delayed, or it may consist whally of sterile structures. We must
develop methods that will ensure the rapid and complete germina-
tion of seeds in convenient receptacles such that the residue of
sterile structures may be left for study after the seedlings have
been removed and set in the earth. By such methods cultures of
(Enothera may be grown in which one may feel confident that all of
the viable seeds have germinated since by an examination of the
residue it may be determined whether or not the seed-like stritctures
have enibryos. It is probably safe to say that no culture of Eno-
thera has as yet been described in which we iy feel certain that
the progeny of the sowing is complete. During the past winter [
have tested the percentage of seed fertility in some fifty species and
hybrids of @inothera germinating the seeds on pads of wet filter
paper in Petri dishes, With this method may advantageously be
combined the clever practical suggestion of De Vries (15, p. 190)
of forcing water into wet seeds by air pressure thereby greatly
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hastening their germination. A deseription of ‘3 method of seed
germination which will, 1 think, prove to be satisfactory in gen-
etical wark on Enothera may he found in the Proceedings of the
Nationu! Academy of Sciences, Vol. L., p. 360, 1915.

The first investigator to make use of the facts of seed sterility
in suggesting Mendelian interpretations of the behavior of La-
marckigng and certain (Enothera crosses has been Renner ('14)
and his line of investigation has opened & field of research and spec-
ulation that must be reckoned with in the future. Renner has
studied the seed structure in Lamarcbiona, biennis and sniricata,
and in certain ¢rosses among these forms, Hiz conclusion on the
genotype of Lamarckiona will illustrate the principles underlying
the method of attack, Since Lamarckione when crossed with bien-
nis and certain other species gives in the F, hybrid generation the
twin hybrids leta and veluting it may be assumed to develop two
classes of gametes which function. These may be spoken of as the
lata and veluting gametes and are produced in about el numblers,
When Lamarckiong is seli-pollinated the leta and veluting gametes
may combine in proportions to give 1 pure leta: 2 leta-veluting: 1
pure veluting, Tt is a fact that more than one hali of the seeds
of Lamarchiana fail to develop normal embryos and Renner con-
cludes that these sterile seeds represent zygotes homaxygous re-
spectively for the leta and teluting factors. The fertile seeds tle-
velop irom the heterozygotes with both lefa and tefuting factors
combined and this cambination gives the characters of Lamarchi-
ana.  (Enothera Lamarckiena may thos be an impure or heterozygous
specics breeding true because of the deith of such ZYgoles as carry
the factors for leta and velwting in homozygous: conditions. This
simple Mendelian explanation of the behavior of Lamargbiona
points a line of interpretation and study certain to be fruitful in
tEnothera research.

Amaong hybrids of (Enothera the seed sterility: sometimes rans
extraordinarily high. The most remarkable illustrations of this fact
80 far known appear in the second generations of crosses involving
the Dutch biennis and the Dutch wmurcata which exhibit certain
remarkable morphological peculiarities discovered and deseribed by
De Vries ("13). First generation hybrids of reciprocal crosses
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between these species grown by the writer in 1913 gave data on
seed germination in the earth as presented i Table 1.

TABLE 1.
F, Hynues o Recirsocas. Cansses merwimy O, bicwnis Axp O, muricala,

Serin | | Carmine | Dhratim of

—_ | L Sevwy| Sal | Sadiag. | (e |
1333 | F! Bieomis X maricata | 6i7) | Enrth 119 | 2075 | 6owoeks

£3.34 | F' maricalo % bicnnid | 153 Harth o3 b3 T werks

It is probable from my experience with other species crosses
that the viability of the seeds of these F, hybrids is really high and
that the relatively low percentages recorded above are due to de-

TABLE IL

F; Hveuos or Recrrmocar Chosses merwees . biennis axn ), muricabe, 1u-
crunise Cearars Dounee: Recireocars, SEsQUIRECIMROCALA. AND
Treramive Hiynuins,

S-nh :.. <eil- lihrnlu Du o
Ouleary S . Eh-:-. thoan m
tad4s (r3-33a) 'F,. birmmis X wswricols | 466 -Eﬂrl.hl L3 1750 | 0 weeks
L4 .u tr;.,j.u} Fi, maricdln X bigwwit | 205 | Furih| 35 n o weeks
detilile teciprocal 74 |Earth| # ‘;f o weeks
\'::l.a.m J-t 13340 | (B X m) 3 (m 3 B) I
1531 sesiyilmciprosal 207 | Enrilk| 33 e | 9 weeke
{1331 X 15.00) (B Som) wb | | '
®i53z wesnireciprocnl 383 | Potrl | 132 2T |6 wemks
{14.33 ¥ 14.16) (b Smd XA dial
EET) iterntive 31 | Enrth 4 |0 vk
(rg16 x 14.33) Bl
1533 {terntive 213 | Earth 7 007 |0 weekin
(1433 14i00) O m) 3 m
S15.33 rerative 202 | Pytrk| aa S 7 weeks
(1433 X 1g:30) b 2 m) o m tish
15.34 Iterative ny |[Eank| 47 155 | o worke
Tr34 2 1400 (me 2 b)Y > & :
15y iterutive i | Petril T 1055 | 4 weeks
Crg.34 > 14.08) (m 3 b wb dish
15.35 misuireeiprocal 3t | Earth 43 17%% | 0 wenlin
1400 X 1430} fmr % &) % m
*15.35 sesquireciprocnl 404 | Potri | 108 0% |7 weeka
(12.34 X 1y430) m % b)) % m dlahy
1530 iterntive 198 | Earth| st 2550 | @ weeks,
(1320 X v4.34) m X (X b B |

layed germinations. But the figures for germination in the earth
of F; hybrids and of double recipricals, sesquireciprocals, and iter-
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ative hybrids are most surprising in the degree of sterility or de-
layed germination shown. They are given in Table 1L, where are
also presented the records of four cultures sown in Petri dishes in
which the germination was complete as proved by an examination
of the residue,

A comparison in Table IL of the record for culture 15,31 with
*15.31, 15.33 with *15.33, and 15.35 with *15.35 will illustrate the
gain in germination that may come through sowing seeds m Petri
dishes. The percentages of germination presented above for the
hybrids of biennis and muricata must not be regarded as expressing
exactly the degree of seed fertility under the conditions of the
experiments since with the harvests of seed are frequently found
very many structures too Jarge to be abortive ovules and too small
to be counted as “ seeds ™ in the sense of falling within the limits of
seed size. These structures are probably undeveloped seeds luit
only a microscopical examibation can Jetermine this point; if so,
their presence of course always lowers the percentage of zygotes
capable of giving progeny.

Bearing m mind the fact that pollen sterility in biewnis and
muricata is 50 per cent. or more and that pollen abortion in the F,
hyhrids is very much higher (in fact very little good pollen 15 pro-
duced) the total amount of stenility both gametic and zvpolic i
simply amazing. Under such conditions how can the behavior of
these hybrids be looked npon as indicative of anything but a most
unusual situation, in itself very interesting, but far bevonid the ex-
pectations of normal hybrid behavior. This remarkable degree of
sterility among the hybrids of biennis and muricata is perhaps ex-
treme for the anotheras, but it serves to illustrate conditions ex-
tensively present in the writer's experience and doubtless also in
the experience of others,

De Vries has deseribed the hybrids between bieunis angd muri-
cata as breeding approximately true which in the main has alss been
my observation. Apparently largely upon this behavior and that of
certain other crosses he has reached the conclusion that hvhrids
between species of (Enothera are stalble. In ihis opinion of De
Vries T cannot agree for my crosses between grandiflora and certain

smail-Aowered American species (Davis, ‘12 and ‘13, and between
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biennis and franciscona have in the T, generations given abundant
evidence of that extensive variation interpreted as segregation, 1
believe that the apparent stability of the very small progenies pro-
duced by hybrids of bicnnis and mricara simply means that the
remarkably high mortality among gametes and zvgotes of these
hybrids, or the delayed germination of their seeds, has prevented
the appearance in our cultures of the diverse types which theo-
retically would be expected, Any general conclusions on genetic
behavior in the renotheras which fails to take info account the
phenomena of sterility rests upon insecure foundations.

1t is true that we do not know to what extent physiological fae-
tors may affect seed sterility as well as pollen and ovule abortion.
Nevertheless a main fact is clear, namely that seed sterility elimi-
nates in certain (Enothera species and hybrids immense numbers
of zvgotes which fail to develop seeds, And, furthermore, we
know for amotheras that large classes of weak offspring are some-
times produced that are unable to reach matority,  Seedlings with
white or yellow cotvledons, which quickly die, are not uncommon
m my experience with (Emothera cultures; in certain cases they
have appeared in very large numbers: (Davis; "11, p. 222) and prob-
ably have important genetical significance, Thiz situation in (Eno-
thera finds a close parallel in the behavior recorded for a number of
animals and plants.. Thus Baur's “ golden " variety of Anfivrlunim is
an impure or heterozygous form which besides reproducing itself
throws a class of normal green plants and a class represented by
weak yellow seedlings that shortly die. The yellow mice studied
by Castle and Little although interbred always remain impure giv-
ing progeny heterozvgous for yellow because of the death of zygotes
with a doulle dose of the factor for yellow., A dwarf wheat iso-
lated by Vilmorin cannot be fixed since it always remains hetero-
zygous throwing talls but never producing homozygous dwarfs.
The white female form of the clover butterfly, Colias, was found
by Gerould always to give vellow offspring either because of the
failure of the gametes carrying white to conjugate'or because zy-
gotes homozypous for white fail to develop. A form of Drosophila
characterized by confluent wings has been found by Metz only in the
heterozygous condition, always throwing normals and never lireed-
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ing true; flies homozygous for confluent wings are apparently not
viable, Is it not possible that parallel or related phenomena sre
extensively present among the cenotheras? The mortality as shown
by sterile seeds may indicate the elimination of large groups of
forms divergent from the parent tyvpes, and some of the eurions
dwaris and aberrant plants which again and again have been re-
ported in (Enothera lines may be from zygotes barely able to sur-
vive the death-producing conditions that eliminate <o many of their
companions.

So far we have considered evidence chiefly of a negative charsic-
ter for the comtention that many of the species of (Enothers are
impure or hybrid species, We have tried 1o show that palien,
ovitle, amdl seed sterility must all be reckoned with as conditions
which may eliminate Mendelian classes of gametes and hold a line
to a history of relatively true breeding even though the stream of
germ plasm renmin heterozygous or impure in character, The nat-
ural corollary of sucl hehavior, if proven, might be the interpreta-
tion of so-called * mutants ™ as segregates fram a hybrid stock that
were ible to survive the destruction meted out by conditions that
produce sterility. To what extemt the eauses of sterility may lie
in the history of gametogenesis or may be due to unfortimate com-
hinations of gametes, or to what extent sterility is the result of
physiological factors, these are problems that lie before us.

Let 1is now examine some positive evidence that certain species
of (Enotherg do form distinet classes of gametes and in consequence
seem likely to be heterozygous in their constitution. That which
first demands attention is the situation discovered by
certain first generation hybrids and by him named * twin hybrids.*
We have already referred to this phenomenon first deseribod iy De
Vries (‘o7) for the hebavior of Lamarckiuna which as a pallen
parent in crosses with other species of Enothera gives not mmiform
F, generations but the two types leto and weluting | twin hvhrids),
produced in about equal numbers. Certain * mutanes " of La-
marckiana also give twin hybrids under the same comditions as
those produced by Lamorckions, The hehavior is so exact that the
simplest hypothesis must suppose that Lamarckiuna these * mu-
tants™ form two classes of gametes which are feriile in these par-

Pe Vries in
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ticular crosses. De Vries ('og) has alse describell = triple hybrids ™
when the “mutants™ scimtillans and lata are pollinated by such
species as produce the twin hybrids from Lamarckiang. In such
cases two of the forms have the characters of lata and veluting
combined with those of the other parent, and the third form re-
sembles the mother, either seintillang or late, The phenpmena of
twin and triple hybride is treateldl in detail by De Viries ("13)
“ Gruppenweise Arthildung.”

From a Mendelian standpoint the production of twm and triple
hybrids is strong evidence that Lamarckiune and such of its
“mutants " as behave in this manner are impure or hybrid since the
male or female gametes are not uniform, a point which has heen
emphasized by several critics of the mutation theory. De Vries
assumes that Lamarckiona forms its different classes of gametes as
a result of its mutating instability but the precision of the process
fulls completley tn line with what we know of Mendelian behavior.
The remarkable studies of Shull show that crosses between Lo-
marckiang and cruciato give in the first generation polymorphic
progenies of much greater complexity than the twin hybrids of De
Vries. Shull's results have not been published in full but, as T
understand them, they indicate the interaction of several classes of
gametes, *a condition very far from what would be expected if
genetically pure species had been erossed,

Very interesting are the observations of Atkinson ("14) on first
generation crosses between (Enothero nutans and O. pyenocarp.
These two forms are American species recently segregated by Atkin-
son and Bartlett from the biennis alliance.  They have Lrad true in
garden cultures. When pycnacarpa is pollinated by mutans twin
hybrids appear in the first generation. In the reciprocal cross
nutians X pycnocarpa the same twin forms are produced and in addi-
tion & third type, making this generation a compound of three dis-
tinct forms, triple hybrids. Atkinson, apparently confident of the
genetic purity of sutans and pyenocarpe assumes that the determina-
tion of the twin and triple hybrids takes place through a differential
division in the zygote hy which factors represemting certain char-
acters are siile tracked in the suspensor cell and only those respon-
sible for the twins and triplets pass on to the embryo.  There i= np
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cytological evidence that the first mitosis in the zygote of a higher
plant iz ever a differential division. To the writer the situation
indicates that ane or hoth of the two species is heterozygous and that
for this reason classes of gametes are formed, appropriate combina-
tions of which give the twinz and triplets. No data has been pub-
lished respecting the sterility of these two species, cither of pollen
or ovules, and nothing of seed abortion. An understanding of the
genetic constitution of the species is likely to be a difficult matter,
but it does not seem probable that both are pure.

What shall be said of the probable purity of the plants of
(Enothera and Raimannia with which MacDougal worked in his ex-
periments designed 1o create new species by the injection of certain
fluids into the ovanies. The parent material was reported Lo breed
true, but the cultures were small and not long continued and there j
no reason to suppose that a complete germination of the seeds was
obtained. No information is given on the fertility of the species
either with respect to the abortion of gametes or the proportion of
good seeds. The material was not tested by cross breeding with
other forms {the purest known) to determine whether the F, hybrids
were uniform, a most necessary test in the establishment of a stock
as homozygous. Thus from our present viewpoint we cannot
accept MacDougal's conclusion since the probabilities are very great
that the new types which appeared in his cultures were produced not
as the result of the injections but because of the genetic impurity
of the plants themselves.

In the above discussion the writer has taken definitely 5 Men-
delinn attitide in sympathy with the criticisms of Bateson and the
studies of Heribert-Nilsson ("12) and of Renner ("14). There are
constant suggestions of order in the phenomena of inheritance
among the cenotheras which while they may not fall into simple
schemes of Mendelian notation nevertheless do indicate svitem even
though masked by complexities. That the complications at least in
great part are due to the genetic impurity of the (Enothera material
which has been so far the subject of study is the writer's beljef.
The difficulties that surround the analysis of Enothers inheritance
are probably in very large measure due to the extraordinary armount
of sterility, gametic or zygotic, or hoth, that is present in the group.
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Upon students of this genus rests the responsibility of obtaining
data on this sterility and, if possible, of discovering its causes. The
assumption that a line represents a pure species becaunse it breeds
true 15 not a safe foundation upon which to conduct experimenta-
tion in the cenotheras, This is the assumption upon which have
been based many of the conclusions of the Mutationists, and from it
we must dissent.  We cannot depart from the principles underlying
Mendelian methods of research which have so brilliantly opened the
present century of hiological investigation.

Finally what are the tests that must be applied to an (Enothera
species to determine whether or not it is pure.

First—There is the breeding test and that must be applied with
such experimental methods of seed germination (Davis, '15) as will
insure a complete progeny from the sowing, a progeny wholly repre-
sentative of all types of vinble seeds, Even then the breeding test
is negative rather than affirmative in its conclusions. Should the
form throw off numerous variants it naturally becomes a subjeet of
suspicion, but should it breed true or relatively true that does not in
this group of plants prove it to be homozygous in its germinal
constitution,

Second —Information must he obtained on the character and
degree of sterility present, both gametic and zygotic. Sterility,
unless shown to be strictly physiological in its character, suggests.
genetic impurity,

Third —Cross-breeding tests must be planmed and followed in
which the form under observation is mated with material of known
genetic purity. Tf the hybrid plants of the first generation are
essentially uniform and the result of a normal germination of the
seeds the indications are strong that the form is truly pure provided
that the gametes are likewise normally fertile. If the hybrids of
the first generation fall sharply into ¢lasses the material must develop
gametes of differest germinal constitutions and is consequently
heterozygous: One favorable cross with a pure species may not be
sufficient to establish the purity of a form; a number of favorable
tests with pure types will carry increasing conviction,

It is thus not an easy matter to determine the fact whether or
not a species of (Enothera is pure, and yet this is [fundamental to
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experimental studies in the group. On the assumption of specific
purity the Mutationists rest their conclusions. This condition with
respect to the characters studied is also basic to Mendelian experi-
mentation. It need scarcely be emphasized that no species of
(Enothera has as yet passed the tests for genetic purity outlined
above and that consequently we have at present no standard materia)
with which forms may confidently be mated in the test of cross-
hreeding. It should become the concern of (Enothera geneticists
to find and isolste pure material as the starting point of further
studies in experimental morphology. Whether such pure forms
will be found among the wild species or as products of the zarden
time will determine,

Untveasity of PEXNNSYLVAXIA,
May, 1515,
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CONCRETIONS IN STREAMS FORMED BY THE
AGENCY OF BLUE GREEN ALGE AND
RELATED PLANTS.

By H. JUSTIN RODDY, MS, PuD,
(Read Moy 7, 1015%

In 1BoB 1 discovered that concretionary formations oceurred
in Little Conestoga Creck, Lancaster County, Pa. At that time,
however, 1 was engaged in other studies and gave the concretions
only a passing notice. But in the late summer of 1914, my atten-
tion was directed to the subject again by the reading of Dr. Wal-
cott's paper on *'Pre-Cambrian Algonkian Algal Formations ™ which
appeared July 22, 1914, This paper made me realize the impor-
tance of a careful investigation of these particnlar stream forma-
tions as to characteristics, distribution, origin, ctc. 1 began at once
a careinl and extended search in the Little Conestoga as well as in
other streams for concretiomary structures of recent formation.
My search was amply rewarded by finding them in great quantities,
and distributed throughout nearly the emtire length of the Little
Conestoga. 1 found also that they not only occur in the creek
itself, but that quite large deposits of the concretions underlie the
flood plain meadows along the creek banks. One of these in Ken-
dig's Woods, two miles southwest of Millersville, Pa., is made up
wholly of concretionary materials on the top of which forest trees
of large size and considerable age are growing. This deposit
covers nearly an acre to the depth of about 8 feet in the middle
thinning out lenslike toward its edges,  Another deposit along the
same stream near Fruitville in Evan's Meadow, more extensive in
area but of slighter depth, forms a substratum snder a thick soil
cover-and has an average depth of about two feet Deposited con-
cretions occur under similar conditions in many other of the
meadows along the stream as is shown by weathered concretions
occurring in the soil and wash wherever wet-weather ctream gillies
have been torn through the sail cover.

246
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Though these structures, as I shall show later on, are without
doult due to Alpoid ageney in the stream waters, it may be well
to premise the full discussion of their origin by somewhat com-
plete descriptions of their characteristics as to form, size, struc-
ture, ete. In this way the attention of botanists and geologists
will be directed to their study and distribution, so that their signifi-
cance as agents of rock formation and the flora, respounsible for
their growth, may be folly worked out.

Size and Shapr—The concretions both in the stream and in
the deposits vary in size from peds to musses nearly a foat in di-

aineter (see Fig. 1), The latter size is not very common in the

Fia. 1. A group of the coneretions showing: their gize, shupe, surface
appenrance and color. No, 1 is 7Ux10 inches; Noo 2 is about 5 inches In fuce
diometer and 3 inches thick: Noo 3 is Bxd7xs dnchew The two smaller con-
eretioms above are typieal, both in color and aurface apptarance, O Frowing
ipectmens

stream but many large concretions occur in the deposits probably
becanse the smaller anes after deposition n land forms have been
carriedl away in solution by percolating waters leaving only the
larpér forms. In the flood deposits in Kendig's Woods thonsands
of the concretions when I found the deposit last summer measured
nearly a foot in length and six inches or more in transverse
diameter,
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The smaller concretions are invarinbly ellipsoidal in shape |see
Fig. 1), and quite symmetrical unless broken by flood action, The
larger sized concretions, though of the same general shape, are less
symmetrical. Those in the stteam are nearly always more regu-
larly ellipsoidal than those of the deposits in tlood plains and
stream hars. This is, no doubt, due to their weathering through
solution or to their having been broken by flood waters during their
transportation to their present positions.

The concretions in the stream are quite firm n texture: those
in the deposits are less compact. Both are porous and roughly
coralling in general appesrance aml interpal structnre

In color they vary from bluish green to whitish, The growing
specimens in the stream are generally bluish green. All specimens
after exposure for some time to sun, air, and rain or to the action
of soil waters become grayish white.

Composition ond Hardness—Though the composition varies
slightly from place to place yet all are limy deposits concentric
around a nucleus. The main constituents in the concentrie layers
are calcium carbonate, silica and organic matter of vegetable origin.
Upon dissolving out the limy constituents with diliute hydrochloric
acid, o mat is often left of vegetable materials composed of the
matted stems or tissues and cells of low type plants such as mosses
and dlgee.

Few of the specimens tested had a hardness as great as that
of common calcite, most of them being about two in the scale of
hardness. The weathored concretions are generally. less coherent
than those now forming in the stream.

The following table shows the main constituents

of the can-
cretions :

Lasatlfurnss, A, M,
Organic MALEr ..ocviminamaiiiiins 0% to 135 E o 125
H|ﬂ L I R I% ['ﬁ.-
L I - 125
CaCO, e iy ee (0% 15 75T 70 10 80%
Fe = T I S T T T T P et | %
Al R N e i e e e Trace Trace
MBOOR e s sassnarsvnnnmrasasinvensns TERCE 16 106 Trace to 1%

A of growing specimens.
B of specimens from flood plain deposit.
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Structure—Most specimens have as the nuclens a quartz or
limestone pebble of the country rock. Near Millersville, where the
stream flows for a mile or two parallel to an igneous dvke, the
nuclei are diabase pebbles, But some specimens lack the stony
ucleus having instead the limy Jayers concentric around a dark
spot which proves upon elose examination to be carbonaceoi: mat-
ter resembling nearly structureless peat.  Probably this was origi-
nally a piece of wood or other vegetable rissue that carbonized after
the concretionary lamine bad accumulated around it.  This stip-
position has been verified in a number of cases by finding con-

cretions with orgamic matter as nuclei ( see Fig. z)

Fro. 2 Sections of a group of the epiteretions showing the laminas,
foncentric armangement of the lomine, the muelevs or nuclesr poing, amd
eocettrie manner of growth. One-third paueal size The aucleus in the
smill upper specimen is a small water wom quartz pelible,  The larger upper
gpeciticn shows where the puclens was broken out whin the section was
made

The concretions with stony nuclei may always be detected by
their higher specific gravity.

Around the nucleus of a specimen is layer on laver of the limy
matter each lamina from one eighth to one fourth of an inch in

FROC, AMER. FHIL. S0, 0V, 218 ¢, FAINTED A0S o, igIs.
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thickness, The laminz are not equally compact throughout their
thickness, hut are open and porous within and quite solid without,
A polished section of any concretion exhibits many concentric
ellipsoidal lavers with the nucleus nearly always eccentric and the
sticcessive layers with a greater thicknezs on the one side and two
ends thun on the other side. The thickness of the successive
lamin® in any one direction out from the nueleus is nearly uni-
form, In other words, along any radius the inmer layers are just
as thick as the onter ones. When found m place in the stream
where the concretions have not been disturbed for a long time, the
down side laminee are invariably a little thicker than those on the
upper side. This indicates thar the greater growth is downward.

In appearance andl structure, the concretions of the Little Con-
estoga are very similar to the “ Lake BHalls™ from Lake Canan-
daigita, New York, so vividly described by Dr. Clarke, under the
name of “ Water Biscuits” They are alss somewhat similar
though much larger in size to the odlitic sands found forming in
great numbers in the waters of Great Salt Lake by A. Rothpletz
ani! traced by him to the agency of blue green alge.

Where Fownd —Upon recognizing the importance of a thorough
study of the Algoid concretions, I began a systematic search In all
parts of the Little Conestoga as well as in other streams of hoth
Lancaster and York Counties, Pennsylvania. My search showed
that these objects abound in all parts of the Little Conestogu nearly
from source to mouth. But no other streams in this part of the
state have so far yielded any specimens. Those found in the sand
bar in Lake Canandaigua near the mouth of Sucker Brook are
probably also of stream origin, and | feel confident that & careful
search in the hrook would reveal at least some, if not many, of the
concretions.  Substances somewhat similar in composition océenr in
other lakes than Canandaigua though they do nol have the con
cretionary form. Thus laminated reef-like accumulations of Algoid
origin oceur in Round Lake, New York, while marly ar tufa-
ceous deposits have accumulated for ages and are still forming in
many lakes in Michigan, Wisconsin and Indiana, The tofa and
thinolite described by Russell as forming in Pyramid Lake, Nevada,
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are now regarded as of similar origin though differing much from
the Little Conestoga concretions in both form and structure,

That concretions similar to those found in the Little Conestoga
occur in other streams is evident from observations made in Center
County, Pennsylvania, by DPr. Wieland, who, however, had not
recognized them as of Algoid origin until T called his attention to the
well known activity of some alge in precipitating calcium carbonate.
In a recent personal letter to me Dr. Wieland describes concretions
that e found in 1888 in a stream near Lemont, Center County, Pa.
He, however, says, “1 just thought of them as very jnferesting
objects from the viewpoint that they showed once more how abun-
dant is CO, whether derived from plants or other sources. In
shart 1 knew too much and too little to make the least use of what
I foomd.”

Origin—Tn 1834, W. Ketchell in the First Annual Report of the
Geological Survey of New Jersey refers to Charg as active agents
in the formation of fresh water marl. In 1864 Frederick Colin
found that a number of aquatic plants, especially Chara Mosses and
Algee, caused the deposition of travertine at the waterfalls of Tivoli.
The deposition he attributed to the activity of the plants in absorb-
ing earbon divxide and so setting the lime carbonate free. That
is, these low type plants consume carhon dioxide anil exhale oxygen.
When this is done in water containing calcimm bicarbonate they
deprive that salt of its second molecule of carbonic acid and the
inzoluble neutral carbonate of lime 1= precipitated.

W. S. Blatchley and G. H. Ashley in their report on the likes
of Indiana in 1900 also refer to the activity of plants in the pre
cipitation of insoluble lime carbonate. But they also thought that
the dissolved lime brought into the lakes by streams and deposited
mechanically by evaporition was a more important agency than the
plants.

In 1900 C. A. Davis dizcussed the origin of the marls of the
lakes of Michigan and came essentially to the same conclusion as
Cohn. He says:

* But m water containing amounis of salts, especially of the calcitim
bicarbonate, 2o small that they would not be precipitited 1§ there were no iree
earbon dioxide present in the water at all, the precipitation may be consid-
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ered a purely chemical problem, a solution of which may be looked for in
the action upon the bicarbonates of the oxygen set free by the plants, OF
these ealeinm hicarbonate is the most abundant, and the reaction upon it may
be taken as typical and exprészed by the folllowing chemical equation,
CaHa(Chla+ D — HO 4+ Ca00: <+ Clu4-0, in which the calciom bi-
carbonate is converted into the oormal carbonate by the oxygen liberated by
the plants and both carbon dioxide and oxyeen set free, the free oxygen

possibly. acting still further to precpitate more caleiom monocarbanate,
CaCOL"

Dr. F. W. Clarke in * Data of Geochemistry ” savs:

*That Dr. Davis' theoretical equation (given above) rests on po ex-
perimental hagis"

In an article in Seience dated December 14, 1914, J. Clande
Jones, of the University of Nevada, says that the tufas of Salton
Sea and of Pyramid Lake owe their origin to blue green alge. He
shows that wherever these plants are present in Pyramid Lake the
gravels are cemented together and wherever the alge are absent
no trace of the tufas can be found.

Dr. Clarke ascribes the origin of the ¥ Water Biseults ™ of Lake
Canandaigua to the sime agency,

Miss Josephine Tilden in Minwesota Algaz (1910) says that
Gleorapsa calcarea forms a calcarcous erust [ with other lime secret-
ing forms) on boards where spring water from a trough drips down
constantly,

Weed in his classic report (1889, U. 5. G. 8.) on the rock for-
mations of the hot springs of the Yellowstone National Park shows
that travertine as well as siliceous sinter are deposited through the
aid of alg=,

Dr. B, M. Davis, of the University of Pennsylvania in a very
interesting paper (Seience, Vol. VL, July 30, 1807) describes the
alge and bacteria active in the formation of the travertine and
siliceous sinter deposits in Yellowstone Parlk,

Dr. MacFarlane, of the University of Pennsylvania, in speaking
of the activities of thermophilic algz of hot spring and geyser
regions, ascribes many rock formations throughout the carth's his-

tory as due to the work of fresh water algze especially of the group
Cranophycese.
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Evmexces Tuar tae Acrive AGENTS oF THE CONCRETIONARY
ForMaTioss 1% THE Lirree CoNestosa ARE BLUE GREEN ALGE.

‘That the cancretions described in the first part of this paper are
the result of life processes of plants mauy be proved in a number of
different wavs. (1) The color of all growing specimens in the
streamt is the characteristic bluish green color of the Cyanophyces,
while those exposed to rain and sunshine are grayish white. Care-
ful microscopic examination also of such growing specimens re-
veals a varied thallophytic flora mainly of the Cyanophycew.
Species of the geners Gleocapse, Gleotheca, Aphanocapsas, Nostoc,
Oscillatoria and Rivularia have been identified. Associated with
these sre several of the gréen alge (Chlorophycea). Many species
of the Diatomacex and Desmidace which generally live in close
association with blue green algme have also been identified and have,
no doubt, contributed the siliccous matter which is disseminated
through the caleareous matrix. Among the diatoms, species of the
wentis Navicula both in free forms as well as stalked forms on alge
are quite prominent. The Charas are also occasionally present,
contributing a small percentage of so-called marly material. Some
bacteria Have also been found in association with the other plants
It the bacteria have probably had little to do with the calcareous
deposition, but may contribute the iron which I find present in every
concretion that [ have analyzed.

(2) The arrangement and structure of the lamime also favors
the view that these concretionary accumulation are due to life
processes. That periodic accretion alternates: with a period of
quiescence is shown plainly by the concentric laminations of nearly
uniform thickness. The open porous nature of each lamina within
and the more solid character without, like the concentric arrange-
ment, is due without doubt to the seasonal conditions of the region.
Since algm are essentially thermophific plants, each winter destroys
many of them and stops the growth of most of the rest and thus
at the heginning of the plant year (spring) few and widely scat-
tered alge at first produce slow and scattered accretion of the limy
matter; later the plants become more abundant and by summer they
are crowded éver the surface of each mass. This distribution of
the alge seasonally would naturally have its effects upon the strue-
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ture and arrangement of the limy matter giving a decided though
rough coralling appearance to the inside portion and a more com-
pact texture to the outer part. The theory just given has been con-
firmed by a stutdy of the distribution of the alge on the concretion-
ary bodies through the seasons. The fact also that when the limy
matter is dissolved out with acids, a mat of vegetable chains and
cells remaing nearly as large as the original concretion is also con-
firmatory. Even in the concretions which are centuries old as
those in the forest covered deposit in Kendig's Woods the dead eells
and chains of blue green alge may be found,

{3) Lime secreting alpwe are found in the Little Conestoga dur-
ing the entire year but abound from May till December. They
oceur not only in the water but enerust many objects, in a few
places forming small reef-like accumulations similar to those in
Round Lake, New York,

(4) Quite an array of investigators, among whom we may men-
tion Agassiz, Bigelow, Gardiner, Murray, Finckle, Vaughan, Wal-
ther, Drew, Matson, Dall, and Sanford, have studied at first hand
the activities of alge of the genera Lithothammnion and Halimeda
and also some of the Lacteria in various parts of the ocean and in
many seas.  All have come to the conclusion that many of the so-
called coral reefs owe their existence partly and often largely to the
activities of these lowly plints.  The Bermudas, the Bahamas, the
Laccadive and Maldive Archipelagoes, Funafuti, and extensive
rock beds in the Floridian Peninsula have all originated through
plant agency as much as through coral polyps. Tf this be true, it
is not only possible but probable that fresh water blue green alge
throughout all the ages have caused and are still causing the precipi-
tation of rock materials from minemals in solution in streams atid
fresh water lakes:

(5) Weed has proved that the concretions formed in geyser
basins and known as Geyserites are formed by algz which through
life processes cause the precipitation of the siliceons matter held in
golution in the hot water,

(6) The observation that the laminar aceretion seems to pro-
ceed more rapidly on the under side of & concretion proves that the
formations are not due to mechanical precipitation of lime carhonate
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through evaporation or change of temperature. It does, however,
suggest that the secretion or precipitation is chemical and dependent
on a life process that produces conditions for chemical reaction
where the plants or animals are most abundant.

(7} Conway MacMillan in Minnesota Plant Life says:

® Same dlime moulds have the power of incrusting their tiny fruit bodies
with lime which they extract from their soil or from rain water which falls
upon themt. Such forms are piwen observed in Minnesata upon tead wood
or iallen leaves, generally, in moist shudy places in the deep forest Some
of the bhie green ale= have the power of escrusting themselves with Tme
and in watering trooghs and tanks there sometimes occurs a caleareous
formation reminding one of the deposit in old teaskenles, Such a crist is
true limestone extracted from the water by the chemical activities of the alge”
Upon a larger scale the blue green alge have been conclusively
shown by Weed to be important factors in travertine formation in
the hot springs and geysers of Yellowstone National Fark.

Dr. MacFarlane without knowing of my discovery in the Little
Conestoga Creek has expressed the opinion that these apparently
insigmificant plants have throughout all the ages played and are still
playing in all waters an important part in the formation of lime-
stones and dolomites,

(8) The fact that many more or less ancient rocks have been
demonstrated to be of algoid origin by various scientists and are
similar to the Little Conestoga concretions in their concretionary or
liminated structures or both is favorable to the view that algae are
just as important agencies in rock formations in the present geo-
lagical epoch as in the past. The similarity of Cryplosadn pro-
lifernm, Ozarkian odlitic formations, Netolandic frondosa, Camasia
spongiosa, Collenia compacta, Collenia umdosa and other structural
forms in rock formations to the work of recent algae in hot spring
and geyser regions has been vividly shown by Walcott, Wieland,
B. M. Davis and others, Some, at least, of the above-named for-
mations can be strikingly duplicated in their stroctural peculiarities
by the Little Conestoga concretions and reef-like masses of Rounid
Lake,—the Potsdam-Hoyt formation of New York state being
especially like what would result were infiltrating waters, cementa-
tion, and ather solidifying sgents or processes to act for a long time
upon the great mass of flood deposited concretions of the Little
Conestoga in Kendig's Woods.
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Mixerat CoxteENT oF THE Lk Coxestocs WATERS:

One would infer from the number of concretions growing in the
Little Conestoga and also from the thickiess of each lamina in a
concretion that the mineral content of this stream’s waters is high.
I have verified this by determining the salinity of the stream under
varying conditions. The salinity in a wet month was 330 parts in a
million, while in-a dry month this rose to 363 parts in a million,
Streams in which 1 have found no trace of concretionary structures
have a much lower salinity, the Big Conestoga Creek for example
having a salinity of 190, the Pequea Creek 193, and the Susquie-
hanma, in March, above the mouth of the Peipuea and helow the
mouth of the Big Conestoga, about 200 parts in a million. The
vatiots springs flowing into the Little Conestoga hdve an average
salinity nearly as lugh as that of the Litle Conestoga ftself,

The basin of the Little Conestoga is underlain with much more
soluble limestane than any of the other streams so far investigated,
This accounts for the high salinity of its waters and alss for the
distribution of the concretions o far as we know that distribution.
Further search and study will certainly reveal that many streams
of the world contain concretionary structures and determine the
conditions. of their distribution and formation. T trust the be-
ginning I have made in the investigation of stream concretions will
lead to 2 wide and thorough study of this interesting and important
biological as well as geological problem,

The various facts tabulated on page 257 and correlated with the
fact that the blue green alge are about equally abundant in the varioys
streams mentioned in the tble would seem to indicate that deposi-
tion of CaH,(CO,), is always going on in all the streams during
the growing season, but that when the salinity is low solution by the
streatn waters balances deposition and no coneretions are for-mm-l.
When, however, the salinity is high, solution can not take place and
laminated structures due to seasonal or other changes are formed
either in concretionary form or more rarely as reefs.  This js put
forward ns a2 working hypothesis, many more oliservations and

analyses are needed however before the various problems connected
with these formations can be fully solved,
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Furrnir Notes ox Conceerionasy FopMations in SteEams,

Since writing the above 1 have been fortunate enough to find
a new locality for concretions. Knowing that Donegal Township,
Lancaster County, comprised a notably large area of Cambro-
Ordovician limestones, I judged that its streams would be favorable
to the growth of calcareous concretions throngh the agency of blue
green alge.  Search on April 25, in Donegal Creek, revealed these
objects in greater abundance than in the Little Conestoga. One
meadow of fully 12 acres bordering the stream about one mile
northeast of Marietta was found to be underlain with a bed of con-
cretions not less than a foot in average thickness throughout its
entire extent.  And this was under a soil cover of more than a foot
in depth that had, apparently, resulted from the weathering and
disintegration of the same objects. The great flood deposits of con-
cretions in this and neighboring meadows were paralleled by large
guantities in the stream itself, fully one fifth of the stones in some
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places in the stream channel being of concretionary origin as shown
by their shape, laminated structure, and composition.

The finding of the new locality is of great interest. Tt shows
that a careful, intelligent, and systematic search will reveal these
formations in many other regions of the world wherever the proper
conditions exist for calcareous and siliceous precipitation through
the life processes of plants,

But the geological significance of the great meadow deposits
also needs emphasis.  The large accumulation in the Donegal Town-
ship Meadow represents a comparatively long period and this indi-
cates a considerable antiquity of the plants which form the conere
tions. Then tno, such a bed of closély packed concretions is highly
suggestive of the manner in which some ancient rock beds orig-
inated. For were such accumulations of concretions as those in
the Donegal Meadows to be consolidated by the action of infiltrat-
ing waters, pressure, heat and chemical change solid rock beds
would result nodular in appearance and concretionary in structure
hardly distinguishable from the Hoyt Potsdam beds of New York.

Species of the following genera of the Cyinophyeem are found as=
sociated with the caleareous concretions oceurring in Donegal Creek,
Lancasier County, Pa.: Gleocapss, Micracystis, C. wlospharium,
Aphanocapsa, Oscillatoria, Rivularia, Nostor, Chroococcus. There
are also species of Protacocens, many species of Dhatoms, severql
species of Desmids, various species of the Chlorophycese, severat
species of Phcophyces, and species of Rhodophycez.



THE CONDITIONS OF BLACK SHALE DEPOSITION AS
ILLUSTRATED BY THE KUPFERSCHIEFER AKND
LIAS OF GERMANY.

By CHARLES SCHUCHERT.
{(Read May 7, rors)

Stratigraphers do not agree as to the conditions under which the
black bituminous shales so often met with in American Paleozoic
marine deposits were laid down. Amang the more striking of such
farmations may be mentioned the Quebee, Martingburg, Colling-
wood, Utica, Maguoketa, Genesee-Portage, Ohio, Chattanooga, and
Caney, formations ranging from the Ordovician to the Pennsyl-
vanian. To aid in the interpretation of such black shales, the writer
presents herewith the main results set forth by Proiessor J. F.
Pompeckj, of the University of Tiibingen, in a publication that will
not be of witde distribution in America. The following is a decided
condensation and in part a free translation of his exhaustive paper,
which is replete with hibliographic references.

The Kupferschiefer of Germany are of Middle Permian age,
antl occur near the base of the Zechstein, the time of marine in-
vasion over the previous continental series known as the Rotliegende.
In generil, the binpminons dirk shales oceur above the basal Zech-
stein conglomerate and below the Zechstein dolomite, and occupy an
area of at least 60,000 square kilometers in middle and western
Narth Germany, The average thickness of the copper shales over
wide areas is about 30 inches, but varies from nothing to & maximum
and exceptional local thickness of 35 feet.  However, in many plates
there are no black shales and then the equivalent deposits, or the
basal strata of the invading Zechstein, may be conglomerites, sands,
shaly limestones, or dolomites. In other words, the black bitumi-
nous shales do not prevail everywhere. and the same is true of the
metal sulphides,

14 Das Meer 'des Kupferichiefers,” Branca-Festachrift 1014, pp. 444-404.
250



260 SCHUCHERT—BLACK SHALE DEPOSITION, [Mar 7

The copper-bearing shales usually succeed the basal conglomer-
ates or sands and finally become gradually more and more cl-
careous, passing upward into the normal Zechstein dolomite of wider
distribution. The latter has an abundant though monotonous fauna
indicative of peculiar marine conditions and not much like that of
the Tethyian mediterranedan to the south, which is of normal sex
environment. The paleogeography indicstes an inland sea, bounded
by continuous land, in the north by Fennoskandia across to England,
thence south to France and Belgium, and east over South Germany
to Bohemia. In the east only were there limited connections with
the Russian and Arctic Zechstein sea.  The previous Orogenic move-
ments resulting in the Paleozoic Alps of central Europe had been
greatly reduced, so that the streams fowing into this Permisn sea
were slugpish and delivered only the finest of muds and solution
materials, while those flowing out of regions of ineous rocks were
charged in addition with copper, zine, and silver.

The Kupferschiefer are fissile, tough, dark to black, highly
bituminous (6 to 20 per cent.), clay shales with considerable cal-
careous material that increases in amount tpward {locally to 45
per cent.). Copper sulphides varialle in quantity and nature are
present, and because of this ore the strata have been mined in
Germany for seven hundred vesrs.  Under the microscope the shale
is seen to be made up of finest elay substance colored vellow-brown
to black by bitumen, Throughout the clay there are scattered,
layered, or aggregated in the form of thinnest lenses varying
amounts of tiny erystals of calcite and needle-like splinters of (uartz,
Black coaly dust is also more or less abundant and especially among
the clay particles.

The flora and fauna of the Kupferschiefer are small and at best
do not include more than 1 land stegocephalian, 2 land reptiles, 17
fishes (3 seclachians, 1 erossopterygian, the rest ganoids) with
structures indicating forms that lived an or near the hottom of the
waters, T nautilid, 1 gastropod, 1 scaphopad, 14
(Fenestellide), 5 brachiopods, 1 prollematic sia
of land plants. Thiz assemblage is htought together from many
localities and the species of fishes are usnally hased on single speci-
mens, indicating that the biota is not a mitaral assemblage,

bivalves, 3 bryozoa
rfish, and 11 species

but is
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made up of land and marine forms plus fishes, most of which appear
to be of fresh water habitat. The only common fossils are the
ganoid Paleoniscus freiesiebeni, Lingula credneri, * Asterias”
bitwminosa (problematic), and the small bivalves Nuculs beyrichi
and’ Bakewellia antigua (sometimes in colonies). In other words,
the life consists of land-derived forms (3 vertebrates and 17 plants),
fishes (5 probably marine and certainly bottom-feeding, and 12
apparently of river origin), and 22 marine invertebrates all but one
of which are forms living on the bottom of the sea, attached to it or
to floating ohjects. While the invertebrates indicate plainly that
the copper shales were laid down in the sea, the great scarcity of
fossils shows that the forms recovered are in the main not in their
normal habitat, It appears that only 3 species (the mvertebrates
cited) were able to adapt themselves to the peculiar conditions of
the copper-depositing seas. Not a single scavenging animal is
found, and the fact that so many fishes (17 species) were present
as food (Paleoniscus freicsiebeni is often more or less decomposed
by sulphur bacteria) indicates that the bottom had no seavengers
and that it was not a favorable place for any kind of life.

Pompeckj has carefully studied the fishes, and as all or most of
them are carnivorous { some are shell-feeders) the question is rised :
On what could they have fed, since there was so little bottom life?
He admits that there may have been present an abundance of soft-
bodied and shell-less invertebirates on which they preyed, but finally
concludes that it is much more correct to assume that most of the
fishies (at least 12 species) were drifted into the sea from the rivers.
If they also lived in the sea, it must have been in the oxygenated
surface waters or the shallow shore regions.  On the other hand, the
invertebrates present indicate that pearly all of them fed on micro-
scopic plants and animals (no ostracods are present, however) and
it is perfectly natural to assume that the surface and sun-lit waters
abounded in a varied plankton, as do the seas and oceans of today,
It was this world of minute forms, the plankton, that mmined into
the depths, feeding the sparse brachiopod dnd mollusean life and
the commeon sulphur bacteria.

Moreover, it is the abundant surface plankton that in all prob-
ability has furnished mast of the bituminous matter, assisted further
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by the land-derived fishes, while the coaly substance has resulted
from the land plants. Along the shores, in the oxvgenated waters,
there probably also was an abundance of sea-weeds and among them
doubtless lived most of the invertebrates preserved in the Kupier-
schiefer. The marine plants are broken up by the storms, and the
water currents plus the undertow generated by the waves aml tides
drag this material into deeper waters, where it is slowly rotted and
further altered by the sulphur bacteriz. There results a foul bt~
tom, free of oxygen, and recking with carbonic acid and sulphuretted
hydrogen gas. The chemical reactions set up here (diagenesis)
result in the deposition of the metal sulphides { copper, zinc, silver)
and the bituminous alteration products,

The paleogeography, as stated above, indicates an inland and
almost land-locked sea. Into such a basin the currents generuted
in the veeanic areas can at best enter bup lirtle. and that such did
not enter in any marked degree is seen in the almost complete aly-
sence of floating and swimming invertelrates, As for the general
physical conditions, Walther thinks of stagnant waters, with marine
swamps ; Kayser of quiet bays of intand seas with foul bottoms ; and
Dosz of stagnant places like the present bavs around the ishind of
Oesel, where the bottoms are rich in jron stilphide deposits, the
healing or medicinal muds.  Pompeck], however, finds more or less
valid objections to all of these suggestions, and thinks the best
present analogue to be the Black Sea, whose physical wnd organic
conditions are now well understood through the work of Andyus-
sow amd Lebedintzew. In other words, the Kupferschiefer seq is
“a fossil Black Sea™ in nearly all its characteristics except depth,

With regard to the conditions of the Black Sea, it is an inlang,
relic sea, which was onee a part of the Tethyian mediterranean.
Its greatest length is about 713 miles and its maxinmum width 380
miles. (making its area 170,000 square miles), and it attains 7,360
feet in depth. Flowing into it are miany rivers; among the largest
of which are the Danube, the Dnieper, and the Don, [1s only outlet
of surface water is through the strait and over (he barrier of (he
Bosporus into the Sea of Marmora and thence throngh the strajt
of Dardanelles into the Fgean Ses and the: Mediterranean, A
compensating but smaller inflow of salt water (salinity 3 per cent.)
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occurs at greater depths. The shores are high and bold on the
northeast, east, and southwest, and flat on the north and northwest.

Andrussow® has described the physical and bionomic conditions
of the Black Sea as follows: Bevond the shallow marginal waters
of 6oo feet depth there is no bottom-living life (benthos), while in
the surficial fresher waters down to about 730 feet there is a more
or less great abundance of floating, usually microscopic, open-sen
forms (plankton) and the larger, free-swimming life (nekton}), col-
lectively also spoken of as the pelagic biota. This upper laver of
freshened water and its peculiar life conditions are brought about
by the enclosed nature of the deep basin, the inHowing of immense
quantities of less dense fresh water that remains at the surface or
i5 there evaporated, and a deep-seated, partially compensating cur-
rerit of salt water from the Sea of Marmora through the strait of
Bosporus. It is estimated that it takes about 1,700 years to renew
the entire salt-water content of the Black Sea.

Because of these differences between the lighter surface and
the heavier bottom salt waters, there i3 no vertical streaming nor
convection currents beyond 750 feet of depth, and therefore no re-
plenishing of the deeper marine waters with the oxygen that is so
necessary for the maintenance of benthonie life. At the depth of
600 feet, hydrogen sulphide begins to form (33 c.c. in 100 liters of
water) and increases rapidly with the depth to 3000 feet (370 ¢ic.)
and then mere slowly to the hottom of the sea. The formation of
the H,S is in the main due to the sulphur bacteria. Hand in hand
with the increase of the H.S goes the decrease of the sulphates in
the sea water and the precipitation of the carbonates and iron sul-
phides,

That the agration of marine waters, and also the generation of
sulphuretted hydrogen may be better understood, a digression into
the studies of oceanographers becomes necessary.  The atmospheric
gases, oxygen and nitrogen, are ahsorbed at the sey surface more
abundantly in cold than in warm latitudes, and the quantity absorbed
15 again variable under varying pressures and chemical conditions
of the water. This complex subject, too long to state here, may be

24 Lg Mer Noire™ Guides des Excursions. VII® Cong. Géol. Tnternot,
St. Peétershourg 1807, Art XXX
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studied in Krimmel's * Handbuch der Ozeanographie,” L, 1907,
pages 202-317.  Furthermore, the amount of oxygen is increaseéd
when there is an abundance of assimilating plamts, as in the areas
of the sea-weeds and diatoms. The gases are then distributed by
the general water circulation to most parts of the oceans and even
into the greatest depths. In general, there is an abundasice of
oxygen down to 350 feet, but in the tropies it is wanting in the
greater depths of the shelf seas. The oxygen is consumed by the
animals and by various hydro-chemical processes and consequently
diminishes in quantity as it is carried down from the surface and
over the bottom, but the quantity of nitrogen remains constant, Sir
John Murray states further that in the streaming open ocean of
today there is psually an abundance of oxygen even at the greatest
depth, due to the sinking heavier and colder polar waters, but this
is not the case in partially encloged seas which are more or less cut
off by barriers and where the water is said to be “ stale. and in the
deeper layers of which vertical circalation is restricted.

Similar stagnant conditions “prevail in several N orwegian
‘threshald fjords,” or on & smaller scale in the oyster-"polls,” In
such places the bottom iz thickly covered with organie matter: a
slimy black mud is formed, swarming with bacteria that produce
sulphuretted hydrogen, which spreads throngh the water, combin-
ing with the oxygen to form various stlphates.  This canses the 0Xy-
gen to decrease and finally to disappear altogether, when the sulphur-
etted hydrogen begins to appear free in solation, It gradually spreads
upwards, until the water is devoid of oxygen and contains free sul-
phuretted hydrogen, at a depth of only 100 fathoms in the Black
Sea, and in the oyster-basins in astunm often at merely a couple of
meters below the surface. In summer the *bottom-water® of the
oyster-"polls” lies stagnant, but in the course of the autumn and
winter it is generally renewed by the supply of compatatively heavy
water from without; then the sulphuretted h}'tlrngm disappears
and the oxygen returns, producing thus an annual change in the
gaseous conditions of the deeper parts of the ovster-' polls,! In
autumn the state of things may become critica] for the oysters,
which are suspended in baskets at a depth of 1% meters; it hap-
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pens occasionally that the animals all die at this time by suffocation
through want of oxygen or by sulphur poisaning,”™*

Johnstone states that “In some parts of the sea, as for instance
in the "dead grounds' of the [very shallow] Bay of Kiel, in some
parts of the Black Sea, and perhaps in parts of some of the Nor-
weginn fjords, where the water ciroulation is defective, and where
there muy be a deficiency of oxygen, very remarkable bacteriy are
to be found. These are the sulphur bacteria, the occurrence of
which is not, however, confined to these habitats. In the places 1
have mentioned sulphuretted hydrogen is evolved from the decarm-
position of dead organic matter, and this sulphuretted hydrogen,
to us a vilely smelling and poisonous gas, is utilized as food sub-
Stance by the bacterin.  Such a microbe as Beggintoa takes in the
SH, and oxidizes it so that the sulphur is deposited in the célls of
the bacterial colany, and the hydrogen appears as water. This is
the farm of assimilation of the organisms. Then some of the sul-
phur thus resulting from the decomposition of the SH, is oxidized
to sulphuric acid.  This is the form of respivation of the organisnt.
It requires somie source of nitrogen for the formation of its living
prateid and this it obtains from the minute quantities of nitrates
and nitrites which exist in solution in the water i which it lives,
But it requires very little nitrogen compound, for whereas a higher
animal may require to axidize some of the living nitrogenous tissue
of its own body in order to obiain its eiergy, the sulphir hacterium
oxidizes the sulphur stored in its cells a5 the result of the assimi-
lation of the SH.. Thus the proteid part of the cell is protected
from waste, and the minimal quantity of nitrogenous food-stuff
stffices,”

Kritmmel states that the troughs of the Baltic Sea renew their
deeper water irregulirly and periodically.  In the Riigen and Born-
liolm troughs (about 325 feet deep) the renewnl takes place at
least once and more rarely twice each vear, in the Danzig trough
{about 325 feet deep) nearly every vear, and in the deeps off Got=
land and in the Gulf of Bothnia usually only after many years,
All these troughs get the new deeper water from the western Belt
Sea and more rarely also from the Oresund east of Demmurk.

* Sir Jobm Murray, * The Depths of the Ocean” 1912, e 257258

** Conditions of Life in the Sex™ 1500, . 24,

FPRIA= AMER, THIL, 50C,; LIV, 218 &, FRINTED AUG, 24, 1915,
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To return to the Black Sea and its sediments, these are of
three categories: (1) from the shore to about 120 feet occur the
accumulations of sandy detritals; (2) from 120 to 600 feet is
found & gray-blue sticky ooze, often replete with small fragile shells,
mainly of Modiola;and (3) in the greater depths the bottom is cov:
cred with (a) a tough, sticky, black ooze, with much precipitation
of jron sulphide, an abundance of diatoms and fragments of the
youngest stages of bivalves, all of which organisms are from the
plankton, and (k) the dark blue ooze poor in iron sulphide and
richer in the finest-grained CaCO,, which in places forms thin
banks, and an abundance of pelagic diatoms. Zones 1 and 2 alone
have benthonic organisms, with the greatest abundance between
210 and 600 feet ; the latter 15 the zone of Modiola phaseoling and a
great variety of bivalves and gastropods (68 species occur in the
shallower waters).

The Kupferschiefer sea, like the Black Sea, had bottom waters
with about the average normal salt cantent, as proved by the typical
Zechstein invertebrates, However, because of the lack of oxygen
and the high content of sulphuretted hydrogen and CO, an abun-
dant bottom life was impossible, That the top water of the Kupfer-
schiefer sea was also fresh is proved by the wide distribution of the
freshwater fislies in the sediments, the widely uniform spreading of
the thin zone of shale, and the presence of lind plants and land
vertebirates, 1f all the water had been salty, the fine muds shonld
have been lzid down in a narrow zone bordering the margin of the
sea, and this is not the case in the Kupferschiefer sea. The slow
decomposition of the organic remains (mainly the plankton) and
the lack of oxygen in the depths led further to the formation of the
bituminous content ( from 6 to 20 per cent.),

As the Black Sea goes down to 7,360 feet, the question must be
asked : What was the depth of the Kuplerschiefer sen? A positive
and exact answer can not be given, but the small thickness of (he
shale over wide areas, combined with its intimnte and variously
modified connection below with the Zeéchstein conglomerate :md
above with the Zechstein dolomite, and it shallow-water life. show
that “it is a deposit of the shallowest and shallower seas” To
the reviewer, the depth secms to be well within thut assigned the
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continental shelf seas, i. ¢, lesz than Goo feet, The freshwater
covering Pompeckj thinks was thin,

Just as in the Black Sea the marginal fresh waters are deposit-
ing sands and other littoral sediments that are free of bitumen, 5o
in the Kupferschiefer sea there is some evidence of marginal sands,
sandy and clayey limestones, and regions iree of metal sulphides.

Later, the hlack sea of Permian lime gradually changed, first
locally and finally everywhere, into the limestone-dolomite or Zech-
stein sea, still, however, an inland sea but devoid of muds and
bituminous materials; In the shallow regions nearer the shores
arose reefs of hryvozoa, but at best the Zechstein sea, even when in
witlest comntection with the ocean, had a small and monctonous
fauna.

In an earlier paper Pompeckj” discusses a similar deposit, the
zone of Posidonomya bronni of the Upper Lias of Germany, It
seems desirable to cite also some of the details given 1n this paper,
because they are somewhat different from those concerning the
Permian. The deposits are fssile, calcareouns, hituminous, dark
shales rich in iron pyrite.  Locally there are also horizons of sand-
stone, larren of life, and layers of stinking limestone. These de-
posits are found in northwestern Germany (about 4o feet thick)
and France,

In Germany (Swabia and Franconia) the [ossils consist of
(iatoms and coccoliths, horn sponges, very rarely i sea-urchin,
erinids (sometimes with stalks over 50 feet long), a few forms of
brachiopods, about 18 species of bivalves (of which the only com-
mon one s Posidowomya browni, but this very thin-shelled form
is at times exceedingly abundant ; also Prendomeonotis substriato, Ino-
ceramus dubivg, Pecten contrarins), and rarely a gastropod or crus-
tacean (Eryon), HBeésides the common bivilves mentioned, there
are many ammonids, belemnids, scpins, fishes (selachians, many
ganoids, teleosts), ichthyosaurs, plesiosaurs, and crocodiles.  With
the marine: forms are associated drifted land plants: (eycads. and
often a great abundance of conifer logs, now carbomized), beetles,
and dragons of the air (pterosaurs),

& e Jara-Ablagerungen zwichen Regenshurg o Regenstauf,” Geog-
tioa. Jahresheften toar, XTV. Jahrg, pp 178-286
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It is apparent from the above that the common [ossils are here
again those of the nekton (saurians, fishes with most of the ganoids
probably of freshwater habitat, belemnids, sepias) and drifted
land plants. Of the benthos, only a few species of bivalves are:
commaon, and, while the ammonids are also bottam-dwellérs and
occur commonly as fossils, their empty shells were probably drifted
into this biack sea: The erinids were also drifted in, for the only
specimens found attached are on conifer wood, hanging head down-
wardl; otherwise roots of these pentacrinids do ot occur.

In general it may be said that the Liassic deposits and the habitat
of the fossils of the time of Posidomomya brouni agree best with thase
of the present Black Sea. Since this is true, it follows that the physical
conditions of the bronni sea must have been very much like those
of the Black Sea, . ¢., it was a Liassic Black Sea into which drained
rivers, causing the surface waters to be more or less freshened, and
Uringing land plants;, logs, and ganoid fishes. However, there are
also marked differences, chief among which is the far less amount
of decomposition of the soft parts of ichthyosaurians and sepias,
of which fleshy paris are often preserved, a condition that never
oceurs in the Kupferschiefer. Finally, the abundance of the Liassic
bivalves points to the shallow waters of the Madialn ooze of the
Hlack Sea, and therefore to depths of less than Goo feet.

1t seems to the reviewer that the present Black Sea, with its
greit depth and widespread foul conditions; is an exceptional
example, and that in all of its features it may have no fossil ana-
logue.  The Kupferschicfer and P, browni seas along with the
American Ohio sea of Upper Devonian time and the Chatranooga
sea of the Mississippian period appear to agree with the essential
conditions of the Black Sea, except as to depth, Al of the fossil
Black Seas appear not to have been deeper than oo feet.

Foul hottoms are clearly doe to a lack of water circulation, either
hecause there is no wide connection with the ocennic aress or be
cause there are inadequate vertical or convection currents, The
latter conditions may have been more abundantly attained in warm
climates than in cool ones, due to the fact that the heavier colder
waters sink to the bottoms and so oxygenate them. In this the
present is the exceptional condition when compared with most of
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geologic time. In such stagnant areas, be they small or large in
area, or shallow or deep, the oxygen is soon consumed by the or-
ganisms of the benthos and the depths become stale and lifeless.
As the sulphur bacteria are ever present, but thrive best in the
stale bottoms, they soon take the ascendancy there and fll the
Wwaters with an ever greater quantity of sulphuretted hydrogen, pro-
vided they are furnished with the dead arganisms on which to feed
and thus to increase in number, On the other hand, the sun-lit,
aerated surface waters are the realm of the green and assimilating
micro-plants, the free algw, which convert the inorganic carbon
dioxide into their organic bodies, and these upon their death rain
into the deeps to form the essential food of the bacteria of the foul
bottoms.

That depth of water is not the first essential for the production
of foul bottoms has been shown by the examples cited (almost from
the surface down), but it does seem that large areas must have
depths greater than 300 feet, for otherwise the high waves geni-
erated by the storms would set up 2 vertical circulation and so at
least periodically replenish the oxygen and take away the foul gases
of these depths. Therefore it would scem that Black Seas of large
size should be deep (300 feet or more) and land-ocked basins
whose oceanic connections are more or less cut off by submerged
barriers. Smaller areas are the elongated troughs and rounded
‘holes below the general level of the sea floars, while the smallest
and shallowest arcas are the bays that are more or less separated
from the seas by closely approaching headiands, banks, and bars,
or the marine swamps that are filled with eel-grass, mangroves, and
other modified land plants.



ON THE RATE OF EVAPORATION OF ETHER FROM
OILS AND ITS APPLICATION IN OIL-ETHER
COLONIC ANESTHESIA.

By CHAS. BASEERVILLE, Pa.D, FCS
(Rend Aprif 23, 1053

It is conceded that the anesthetic agent must ge into the blood
for distribution and for eventual elimination, whatever theory of
general or central anesthesin one may support. The anesthetic
agent has normally been introduced into the blood by inhalation or
intravenously. It is normally eliminated mainly via the lungs.

The intestinal mucous membrine of vertebrates js well known as
an efficient transmitter of gases to and from the blood, Pirogoff!
appenrs to have been the first 1o mention the administration of ether
by this route.  Liquid ether was used until Magendie gave warning
as to the danger of its use and ether vapor was substituted, During
the same year Roux,® y'Yhedo® and Duprey* employed liquid ether
Or afgueous: muxtures o indice compléte anesthesin. Although
Pirogofi’s enthusiasm prompted him to predict the supplanting of
the inhalation procedure by the rectal method, references to it diss
appexred from the literature until 1884, Then Mollires revived in-
terest in the method by using a hund bellows for torcinig the ether
vapor into the intestine, Variations in the techninue were intra.
duced during the same year, hut the experiences of Yversen, Harter,
Bull® Weir” Wancher' and Post* showed more or less disrrhies
hug: "t_':‘rﬁl-'hmh“ pratique et physiologiques sur V'ethertzation ¥ St Peters
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and melena as after-effects.  These after-effects, which one case of
death directly attributable to the procedure, caused the method to
again fail in securing serious recognition until 1903 when Cunning-
ham™ employed air as a vehicle for sweeping the ether vapor into
the colon. In 1909 Leuguen, Money and Verlinc!* used oxygen as
the vehicle for the ether vapor. Buxton® in his splendid book on
“ Anesthesia " says that he found the procedure most satisfactory for
certain operations, for example, those having to do with the month,
nose; et but he remarks “ Deaths have oecurred.”  Sutton's?® in-
troduction of a return flow tube for these gases mtroduced and un-
absorbed constituted a distinet advance in anesthesia by colonic ab-
sorption,

In an effort to avoid certain well-known difficulties in intravenous
anesthesia, Gwathmey experimented with mixtures of normal saline
solution and ether per rectum. The cancentration of ether in the
aqueons solution was so small that excessive volumes of liquid were
needed, and furthermore the ether parted from the solution so very
rapidly that experimentation along those lines was abandoned.
Gwathmey then applied a solution of ether in olive oil. As il and
ether make perfect solutions in all mixtures, it was his hope to re-
(uce the total bulk of the fluid introduced into the colon by using
a stranger solution of ether in oil than is possible with any known
aqueous mixture. As oils are lubricants; it was also hoped to
avoid the irritation of the mucous membrane previously noted. The
ether may always be separated from the oil by warming, but unless
the temperature of the mixture is suddenly raised to an excessively
high point, the ether passes off deliberately, It was thoight that
the evaporition of the ether would induce some cooling of the mix-
ture with & consequent checking of the evaporation and its absorp-
tipn.. These premises coupled with slow absarption by the colon in
comparison with the rapid elimination by the lungs would auto-

Y Connmgham and Leaby, Boston Med ynd Swurg, J. April 30, wos;
Vide also Dumant, Correspond. Bi. §. Schovitzer derate, 1003; roog; 1008;
Erugeling, Hiener bin. Woch,, Dec; 1004,

ILempt, reml-Seoe, Biak, Jume, 1000

= Anesthesia,” London, o7,

¥ For fill acconnt of technique and liternture, see * Anesthess,” by
Gwathmey and Baskerville, Apploton. New York pp. 431457 tols
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matically regulate any anesthesia that might be induced in this
manner.  As a result, Gwathmey presented a paper before the even-
teenth International Medical Congress in London in 1913 on the
work with animals done by himself and Wallace.

At the request of my co-laborer, Gwathmey, T undertook an in-
vestigation on the rate of evaporation of ether from oils to secure
the following information that might be of service to him in his
further application of his ideas with human subjects :

1. A comparison of the rate of evaporation of ether from dif-
ferent mixtures of ether and the same oil.

2. A comparison of the rate of evaporation of ether from the
same per cent. mixtures of different oils and ether.

3 The influence of surface on the rate of evaporation was de-
termined.

As the result of much prefiminary experimentation, the follow-
g mode of procedure was settled upon, Large glass tubes were
calibrated to 1 c.e. from 20 ¢.c. to 105 c.e.  The mixtures of 25, 50
and 75 per cent. of oil and ether were carefully placed in the tubes.
The tubes were weighted with Tead and placed in a thermostat,
whose temperature was =0 regulated as not to vary more than
=003" C from 37° C, the same being controlled by a toluene 4
mercury temperature regulator.  All comeéctions (gas, witer, etc.)
were made with lead pipe for zafe use over night, as occasion arose.
The water in the bath was stirred by a system of paddles and shaft
operated through belt and pulleys by a small hot air engine. The
tubes were immersed in the bath 1o within 2 em, of the tops. Dur-
ing the first five minutes two readings were made in each case 10
get the highest point to which the volumes expanded upon heating
up to 37° €, After that readings were made every five minuites
for two or three hours.:

Since the a::rnpﬂraﬁ.on of any liquid depends upon the pariial pres-
sure of that liquid at its surface, the higher the glass wall above the
surface of the dil-ether mixture, the heavier the column of ether
vapor resting on the surface of the mixture, the slower will be the
evaporation, consequently the different oil mixtires with the dif-
ferent percentapes of ether were experimented with in the same tube
filled to the same height in each experiment,



LETES OF ETHER FROM OILS 273

In the experiments to determine the influence extent of surface
played upon the rate of evaporation, the same precautions were
taken as to height of walls of the containing vessels. In the largest
arens worked with, this involved using as much as 600 cc of the
ntixture. As the 75 per cent. mixture had been found most satis-
factory clinically, this was determined with that mixture omly.

The ether used was that prepared under my supervision and was
07 per cent. absolute with 3 per cent. absalute aleohol, being free
from acids, allehydes, and water,

The oils used were of three types, vegetable, animal and mineral,
bemng respectively, olive, cotton seed, corn, peamit and sova-bean ;
cod-liver and lanolin (anhydrous) ; and Russian nineral oil. All
the vegetable oils, except olive, were refined by a process devised hy
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the author' and were neutral.  The other oils were purchased in the
opett matket.

The experimental work was carried out by Mr, Hyman Storch,
under my direction.

— Ttz -

Craur 11,

The data obtained for the 25, 50 and 75 per cent. mixtures vege-
table anid ‘animal oils are shown graphically in Charts 1., 1L and
I, In the curves the abscisse show the percentage of ether
evaporated (based on volume measuremen
of the evaporation,

Chart IV. (selected at mandom from chasts 1
shows the difference in rate of evaporation 23,
mixtures with one il

ts) and the ordinates time

ude for each ail)
50 and 73 per cent.

" Refining Oils™ Oil. Paiut gnd Dewig Reporter, May, 1915,
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Chart V. shows the effect of increased surface on the mite of
evaporation. One oil only was selected to show the principle, which
is: the rate of evaporation bears a direct ratio to the surface exposed.

These experiments were made in glass, hence they do not dis-
close all the factors in the conduct of such mixtures in coutact with
the walls of the colon, for there the principles of psmosis and dif-
fusion are involved. But these observations demonstrated several

strikmg facts:

Crazr 111,

i While ether boils at 34.6° C,, it does not escape violently
from an pil-ethet mixture, as from an aqueous mixture when the
mixture is heated higher, namely, to the body temperature of 37° C.

2. The rate of separation of ether from the oil quickly acquires
a definite and fairly fixed speed,
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The significance of this conduct cannot fail to be of great im-
portance, for by this means the proper content of ether may be main-

Cusasr IV.

tained in the blood to produce any desired physiological effect that
has a quantitative relation thereto, for example, the third or surgical
stage of anesthesia '

The last mentioned has been demonstrated clinically by Wallace,
who found respiration and biood pressure fully mﬂm];un od. and
Gwathmey and others with records to date of about 1,000 human
cases, So far, not a case of post-ether pneumonia hns been encoun-

5 In. this connection i may be hlated that abonr o midy of o

= ke 75 per
cent. mixture to 20 lhe of body weight i administered ar an eoemp. s pe



s OF ETHER FROM OILS

271

¥
Ea
=
=
S




278 BASKERVILLE-RATE OF EVAPORATION [ Apzil 23

tered. The after-effects usually assoeiated with inhalation® anes-
thesia, unless induced by the most improved modern technique, are
virtually absent, including post-anesthetic nausea. Its use for
special cases involving the head, breathing passages, erc., is superior.

Although having had the privilege of attending clinics, I am not |

qualified to pass judgment upon its value, but from what [ have

learned, if necessary, “ Give it to me that way.”
Colryee o To® Cooy oF New Yoes, “;
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THE INTERIOR OF THE EARTH FROM THE VIEWPOINT
OF GEOLOGY

By T..C CHAMBERLIN.
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For some time past there hns been a marked drift of geologic
opinion from the older tenet of a molten earth toward the convies
tiom that the earth is essentially solid. This haz been fjuite as much
due to the contributions of kindred sciences ns to the growth of
geologic evidence, but this has made its important and concurrent
contributions,

The great granitic embossments that constitute the most dis-
tinctive feature of the oldest known terranes were formerly re-
garded as solidified portions of a primitive molten edrth dnd seemerd
to serve us witnesses of the verity of the former liquid state, A
few years ago, however, it was determined—almost simultaneously
in several countries where eritical studies on these formations were

* The discussion of this topic at the session of the Society was withoot
manusceipl or votes and this paper, firepared some weeks later, is less a
reproduction of the original discussion than % sulistitute for L
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in progress—that these granitic masses are not only intrusive it
that they were thrust mto formations that had previously been
formeil at the surface of the earth., These surface formations have
thus come to stand as the most ancient terranes now known.  These
earliest nccessible depositions imply the preéxistence of a substan-
tial foundation formed at a still carlier date. Neither of these
gives any clear intimation that Jower formations are different from
themselves.  So far then as the record mmnz back, it testifics (o sub-
stantial solidity in the outer part of the globe at least, The record
implies, indeed, that molten matter was then present-within the earth,
but it gives no certain measure of the ratio of the molten to the
solid part.  There i5 no detérminate evidence that a molten condi-
tion was a preponderant state, even in the interior, at any stage cov-
ered by the lithographic record. The interior conditions of the
earliest stages that antedate the lithographic record are to he reached
~only by indirect and remote rather than direct and immediate in-
ference. Under the influence of mheried presumptions, it may
seem 1o many still probable that the interior of the mature earth was
once dominated by 4 molten condition at some remote stage, but
the phenomenn of powerful inthrusting, so often shown n the in-
trusions of the igneous element into the carly terranes, seems to
imply that at the Archean stages the niolten element was in the
strong grasp of such stresses as are natural to a tigid globe and
was therefore then but a minor and passive factor, not a controlling
one.

When it is cansidered that, if the earth were once wholly molten,
the material for all the stratified rocks of later ages must have been
derived: from the primitive crust after #t was formed ond Foreed
inta positions of erosion—or from matter extruded through it—the
absence, according 1o present knowledge, of any great area of rocks.
hearing the distinctive chamacteristics of the congealed surface
greatly weakens the assumption that the postulated molten stute
ever obtained in the mature carth,

A stdy of the stress-conditions of the interior of the earth
seems to call for a similar reversal of the inferences once drawn
h_““'f the igneous rocks. _me the earfiest well-recorded ages, the
exerior of the earth has given evidence of broad topographic reliets
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in the form of great embossments and basins. These surface con-
figurations must have conditioned the localization of extrusions and
the deployment of the effusive materisl. 17 the lavas arose from a
general and abundant source of supply which was responsive to
general and powerful stresses, vestiges of this vital relation should
be found in the volume and deployment of the lava floods. 14, on
the other hand, the molten nuterial was but a fraction of the en-
vironing mass; variously distribued through it, the resuit should
be-a multitude of drililets squeezed out here and there in such special
situations as the controlling stresses required, or else forced into
weak portions of the earth-body where the stresses were less im-
perative,  Now there is abundant gealogical evidence that the earth-
body bas Deen subjected at repeated intervals to strong compressivie
stresses by which its outer portion has been folded into mountainous
mnges, or pushed up into great plateaus, while masses of continental
dimensions have been raised, relatively, to notable heights, and the
hottams of basins and déeps have sunk reciprocally to even greater
relative depths. The internal stresses which these deformations
imply should have made themselvez felt proportionately on any
great mass of liquid in the interior—if it were in existence—and
extrusians proportionate to the great deformations of the rigid ma-
terial should have accompanied such diastrophism, But, while
liguid extrusions took place somewhat freely at the times of grent
diastrophism, it was not, at least m my judgment, at all commen-
surate with the deformative stresses implied by the disistrophic re-
sults in the solid material,

Nor was the concentration of the extrusions indicative of origin
from a molten interior or from great residual reservoirs of liquid
rock. I such amyile sources of Tiquid had existed they might natur-
ally have been expected to have given forth, under the ETeAt stressés
then seeking ensement, correspondingly great floods of lava. Yet
no smgle lava flood seems 1o have attained mare than an extremely
small fraction of the mass of the eartl or of the known solid matter
of its region.  Even when the sum total of the most massive series
of successive floods ina given region are taken together—though the
successive issues stretched over a considerable period—they marely
rise sbove a most insignificant fraction of eartli-mass or even of the
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regional segment of it with which they are associated. Instead of
really masdive flows, implying ample sources of supply and great
forces of extrusion, the record shows rather a multitude of little
¢cjections or injections of more or less sporadic distribution. The
logical implication of these is the preéxistence ofa mnltitude of stoall
liquid spots, or liquifiable spots, scattered widely through the dtressed
-earth-masses and vielding to stress as local conditions required.

This inlerence is supported by the great variations in altitude at
which lavas are given forth, The most impressive illustrations of
this are foimid in edrrent voleanic action whose relations in altitude
are precisely known. So far as ancient conditions can he restored,
they appear to fall into the same general class as existing conditions.
Current outpourings of lava range frum the sea bottom to altitudes
of many thousands of fect above sea level, a vertical range of several
miles. FExtrusions occur at these significamtly diverse altitudes
simultaneously or alternately or in almost any time-relations, anl
sometimes in the most marked independence of ane another in spite
of the natural sympathy of such events in a common stressed body.
A muiltitide of facts of detail, some of which are singularly pogent,
mnply that the lava sources of precent voleanoes are disconnected
from one another m the interiot, and hence independent in action, as
a rule, though sometimes they show sympathy without showing
liguid coneetion. The sources of lava seem 1o be meager in Fren-
eril, amd the eruptive agencies seem 1o be controlled by narmowly
local conditions, There is an absence of evidence that the faivas in
the eraters and necks of volcanoes are parts of great liquid masses
below, responsive to the common stresses of a large region.

Thus geological evidence, when critically scrutinized, scems to be
distinctly adverse to the existence of even large reservoirs of molten
matter within the earth ; it points rather to the presence of scattered
spots, very small relatively, on the verge of lqueiaction, which 'pam
by stages into the liguid form and are then forced out by the dif-
ferential stresses that abound in the earth body, each such local Hiigusi-
fying center commonly giving forth driblets of lnva and gas, at in-
tervals, none of which often rise to more than an extremely minute
fraction of the earth mass or even of the subterranean mass con-
tiguous to the voleano
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A revised view of the nature amd location of earth-strecses seems
also ta be required by what is now known of earth-conditions.
Under the former dominance of the tenet of a molten globe, it was
natural to assign to the stress-differences of the earth a distinctly
superficinl localization and limitation; they were thought to be ai-
fections of “ the crust ™ almost solely. Hydrostatic pressures were
of course recognized as affecting the deep interior, but these were
obviously balinced stresses, they were ineffective in deformation.
The stresses supposed to give rise to the great reliefs of the earth's
surface were thought to be very superficial. But the stresses im-
posed Ly known deformative agencies are not all superficial, nor
are their intensities always greatest at the surface. According to
Sir George Darwin, the stress-differences generated in the earth by
the tidal forces of the moon are eight times as great at the center
of the earth as at the surface. So also, according to the same
authority, the stresses engendered by changes in the rotation of the
earth are eight times as great af Lhe center as ut te surface and are
graded between center and surface. The tidal stress-ilifferences are
relatively feeble but are perpetually renewed in pulsatory fashion.
Those that arise from rotation belong to the highest arder of com-
petency. The stress-difference that woull arise a1 the center of the
carth from a stoppage of the earth’s motation, would; according to
Darwin, reach 32 tons per square inch.  Changes of the rate of rota-
tion dare almost inevitable when great diastrophic readjustments
take place. Such periods are to be regarded as critical times at
which great fioods of lava: should be poured forth from the in-
terior if ligquid material were there in greit volume ready to respond
to the changes of capacity which the deformation of the earth’s sec-
tors and the change in the spheroidal form would mevitably impose.

Not to detain vou with other considerations, the foregoing seem
best 1o comport with an essentially solid state of the earth's interior,
if they do not point tather definitely to such a state. Ewen if they
stood alone, they would seem to make a prevailing solid state the
most tennble working hypothesis,

But they are far from standing alone; the geological evidences
are strongly supported by considerations that spring from several
kindred lines of inguiry., The testimony of astroncmic evidence
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has been given by Dr. Schlesinger. The import of seismic studies,
the subject of Dr. Reid's contribution, lends very spectal support to
the view that the interior of the earth is elastico-ripid at least to the
extent that distortional waves have been shown 1o pass through its
interior, It seems certain already that this condition prevails
throughout much more than half the volume of the earih ; concern-
mg the rest, the deep interior, the seismic evidence is perhiaps still
to be regarded as indeterninate.  But on the seismic evidence it
does not fall to me to dwell,

The tidal studies of Hecker, Orlofl and others lend support to
the tenet of a rigid earth but they fall somewhat shori of con-
clusiveness, The brilliant experimental determinations of Michel-
san and Gale, correlated with the computations of Moulton, have
carried the evidence to the point of preliminary demonstration,
They need only 1o be adequately repeated and verified to become
final, so far at least as elustic rigidity can be indicated by the re-
spanse of the eartlobody to solar and lunar attractions, The special
feature of most eritical value in the demonstrations of Michelson
aund his colleagues is the high degree of elasticity shown by the
almost instantaneous response of the earth to the distorting pull of
the tide-producing bodies. This euts at the very base of concepts
founded on the supposed properties of a vistous earth, These ridal
tetermiinations of elasticity are in close accord with the seismie
evidences of elasticity. The two are happily complementary to one
another. The one deals with the earth as & whole unider rhythmical
serics of increasing and diminishing stresedifferences springing
from external attraction; the other deals in an intensive partitive
way with.earth substance by sharp short stresses that call into action
its most intimate structural qualities.  While it is wise, no doubt,
to refrain from resting 100 much on these early results of relatively
new and radical lines of inquiry, until their results shall be MOTE 1il=
ture, their prospective import is radical and decisive in favor of a
solid eirth not only, i of an elastico-rigid earth. Assummg that
the present import of these inguiries will be amply justified by mare
mature research, it is pertinent (o bring into consideration the corol-
lary they so distinctly imply, viz.: that the molten and: viscous mas
terial in the earth, or at least in its vuter hali. if not throughout
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its deep interior, is negligible in general studies, and enters into
general terrestrial mechanics anly as a subsidiary feature, It seems
necessary to limit Yiquid and viscous licune—if there are lacunas in
any proper sense at all—to such moderate dimensions that they do
not seriously kill out distortional waves passing through the outer
half of the globe in various directions ; for seismic instruments shaw
that these waves retam their integrity with surprising tenacity
through long traverses. It seems cqually necessary to limit the
liquid and viscous factor rather severely if the interior structure is
to be consistent with so prompt a response of the earth to twelve-
hour stress-pulies as to imply almost complete elastic fidelity.

In the light of these determinations, strengthened not a little by
their concurrence with the fater geological determinations, the work-
ing hypotheses of the earth-student can scarcely fail ro give pre-
cedence to dynamic tenets founded on a rigid earth.

The limitation of Huuid and viscous matter, thus imposed, quite
radically conditions all tenalile views of magmas and of vulcanism,
atid thus bears upon the igneous nature of the interior. No small
part of petrologic effort in past decades has been spent on the dif-
ferentiation of magmas.  To a notable degree these efforts have pro-
ceeded on the assumption, conseions or uneonscions, thatl differen-
tiation took its departure from an original homogencous magma
such as might arise from residual portions of a molten earth.  In-
definite lapses of time, and such conditions of quict as are naturally
assignable th residual reservoirs of lava, have been freely assumed
as working conditions without much question s to their reality,
Uniller the hypothesis of a molten earth passing slowly into a par-
tinlly solid earth, and retaining residual lacume of molten matter
as an mcident of the change, these assumptions are quite natural.
On the other hand, under {he hypothesis of a pervasively rigid
carth, affected by stress-conditions that are constantly varymg in
intensity and in distribution—and subject to more radical changes
at times of periodic readjustment—the existence of such residual
magmas becomes at least guestionable, perhaps improbable.  Still
more questionahle is the assumption that the multitude of hittle
liguid spots supposed to arise within the elastico-rigid mass, always
have conformed to one type or set of types. The inherent proba-
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bilities of the case seem to point strongly to wide variation in nature
due to selective solution or differential fusion. The Hguefying
action that brings magmas into being, under this view, is presum-
ably controlled by the same chemical and physical principles as the
solidifying phases of the same cycle. The logical présumption is
that at all stages of a magma’s career from its inception through
its growth, climax and decline to its final solidification, selective
action will be in progress more or less and that no stage will be en-
titled 10 be regarded as original or parental in a special sense, such
a sense for example as might be appropriate if the lava were the
residue of an mherited original state and were merely differentiated
by fractional ervstallization as it passed toward solidification,

While these contrasted views of the history of magmas are
naturally contected with views of the genesis of the carth, they are
not limited to this relation. They are inlierent in the very rela-
tions of solid and liquid matter and have & more or léss important
place irrespective of the earth's genesis.

An element of no small importance to a revised concept of the
interior of the earth has arisen from geodetic studies on the distribu-
tion of densities within the earth. As the geodetic point of view
is to be presented by its foremost exponent, Dr. Hayford, it is per-
missible for me merely 1o refer 1o certain geologic bearings.

Om the assumption that the earth was once in a molten state, the
inference is unavoidable that a perfect state of isostatic equilibrinm
was originally assumed by the surface; and that its canfigniration
was at first strictly spheroidal. The materinl muist have been ar-
ranged ‘i concentric layers according to specific gravity and each
layer should have had the same density at every point. All such
reliefs of the earth's surface, and all such differences of specific
gravity in the same horizan as have sinee arisen, must have been
-superinduced upen this originally perfect isostatic surface.  With
good reason therefore these inequalities have heretofore bieen stp-
posed to be relatively shaflow. On the hypothesis that the sarth
‘grew up by heterogeneous accretions, it is an equally natural in-
ference that differences of specific gravity extend 1o great depths;
In an endeavor to find out the bearings of geodetic data on the dis-
tribution of densities, Dr. Hayford tested four assumptions, all of
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which he found measurably compatible with his geodenc data
From these he derived the respective depths of 37, 76, 104 and 179
miles as the horizons to which differences of density extended and
below which they vanished or became negligible. Now all’ these
depths are greater than had beed assigned for probable differentia-
tion in the traditiopal molten earth.  On the other hand, the highest
figure, 179 miles, was derived from a curve druwn specifically to
represent the probable distribution of deusities in an earth of plan-
ctesimdl prowth. The distribution reépresented by this highest
figure hts the geodétic data quite as well as either of the other as-
sumptions of distribution, though drawn on a strictly naturalistic basis
IE it could be said that geodetic data demonstrate that the actual dif-
ferentiation of specific gravities has its sensible limits somewhere
between 37 and 170 miles below the surface, such considerable depth
would distinetly favor an aceretionary origin as against a molten
origin, Hut a conclusive determination is yet to be reached by geo-
detie ingtiries.

While it is possible, within the broad terms of the planctesimal
hypothesis, to suppose that the rate of accrétion was so fast as to
give rise to a molten planet, such a Tesuli seems to me extremely
improbable under the actunl conditions of the case. The growing
planet shoulil have beconie capable of holding a considerable atmos-
phere by the time it attained one tenth of its present mass; . ¢,
about the mass of Mars. After this the protective cushion of the
atmosphere should have greatly checked the plunge of the planetesi-
mals and largely dissipated them into dust in the upper stmosphere
where the mevitable heat of impact would be prompily radiaved
away. The dust presumably floated long and came geitly to earth,
50 that, while the total heat generated by impact was large, the tem-
perature of the earth body was probable never very high during the
later stages of growth, and perhaps not at any stage of growth.
Following out as well as may be the probable mtes and conditions
of growth, the most tenable concept of the state of the earth’s in-
terior under the planetesimal hypothesis is as follows:

The condition of the nuclear portion supposed to be formed from
one of the knots of the parent spiral nebula and constituting a minor
fraction of the mass of the earth, say thirty or forty per cent, is
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left indeterminate by present luck of knowledge of the physical state
of the knots of spiral nebule. If these are gaseous—uwhich 15 ren-
dered doubtful by their lack of strict sphericity—the nueclens was
doubtless originally molten. 1f the constituents of the knot were
helil in orbital relations, their aggregation might have been slow
enough to permut a solid state of even this portion. The matter
ailded 1o the nuclens ps planetesinial dust, or as planetesimals re-
duced in mass and speed by the atmosphere, probahly retained its
solid condition, with negligible exceptions, throughour the process
of aceretion except as selected portians passed into the liquid state
anil became subject to extrusive action. An intimate heterogeneity
nmaturally prevailed throughout the whole mass so agpregated. A
selective process, however, probably brought in the heavier matter
faster and exrlier than the lighter matter, for the magnetism of the
earth should have aided gravity in gathering in the magnetic metals.
while the inelastic planetesimals, predominantly the heavy basic
ones, when in collision destroyed the opposing ¢omponents of their
motions and hence yielded to the earth's gravity sooner than the
more elastic ones.. Relatively high specific gravity in the material
of the deep interior is thought to have arizen at the outset and to
have heen increased by the selective vuleaniam that cume into action
as growth proceeded. Specinl emphasis is laid on the selechve
nature of volcanism under this hypothesis. The intimate mixture
of planetesimals and planesesimal dust gave rise o § multitude of
minite contacts between particles of different chemical and physical
properties anid hence there arose wide differences in the solution
points. As the temperature in the growing plancl rose, the more
soluble portions passed into the liquid state by stages long before
the remaining larger portion reached the temperature of solution.
In a stressed glohe certain of whose stresses are more inteige to-
ward the center than roward the surface, the solutions worked in
the direction of least resistance, for them generually outwards; car-
rying heat of liguefaction and leaving the less soluble larger partion
behind with temperatures inadeguate for further liguefnction until
there was a renewed accession of heat.  The mechanism thus auto-
matically tended to remove the most soluble constituents by progres-
sive stages, while it tended to preserve the solid eondition of the
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miain mass. The hypothesis thus supplies a working mechanism
whose resalts- fall into full accord with the states of the interior
implied by tidal investigations and by seismic daty, while the pos-
wilated distribution of specific gravities accords: fairly well with
geadetic determindtions, as they now stand.

The adaptation of such an ecarth to isostatic adjustment can
scarcely e more than hinted at here. The growih of the earth
shoulil have given it a concentric structure, while its highly distribu-
tive vulcanism, together with sone of its deformative processes,
should have given a vertical or radial structure, the two conjoining
to give a naturdl tendency to prismatic or pyramidal divisions con-
verging toward the center,  The most powerful of all the deforma-
tive agenciés, rotation, required for the adaptation of the earth to
its changes of rate, such divisions of the earth-body as would re-
spond most readily to depression in the polar and bulging in the
equatorial tracts reciprocally. As urged elsewhere, this accommo-
dation ssems best met by three pyramidal sectors in each hemisphere
with apices at the center and bases at the sirface, the sectors in
opposite hemispheres arrnged alternately with one another.  Very
simiple motions of these sectors on their apices at the earth's cetiter
wottld satisfy the larger demands of rotational distortion, while the
sub-sectors into which these major sectors would naturally divide,
as stresses required, would easily accommodate the nicer phases of
adjustment, This' primitive segmentation to meet rotational de-
mands—which were most urgent during the stages of infall—fur-
mished a mechanism suitable for the easement also of a portion of the
deformitional stresses that arose [rom other sources, among them
gravitative stresses arising from loading and unloading by erosion
and sedimentation, A gravitationsl adjustment by the wedging up
and down and laterally of such sectors iz thus offered {entatively as
a working competitor to theories of adjustment by Huidal or quasi-
fiuidal wondertow, The néctsgry brevity of this statement leaves
this new hypothesis little more than a crude suggestion thut gravi-
tative adjustment (= isostnsy) may perhaps take place as fully =s
the case requires in a highly rigid elastic earth without resort to
flowage or even quasi-flowage.

Tux Usiversity oF Cieacs,
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CONSTITUTION OF THE INTERIOR OF THE EARTH
‘AS INDICATED BY SEISMOLOGICAL
INVESTIGATIONS:

By HARRY FIELDING REID.
(Read April 24, 1055

In 1883 Milne predicted that earthguake disturbances would be
registered by seismographs at great distances from their origin, a
prediction first verified when the earthquake of April 18, 188q,
whose origin lay off the coast of Japan, affected the horizontal
pendulum which von Rebeur-Paschwitz had set up at Potsdam to
study the attraction of the moon. Milue was so convineed of the
correctness of his idea and of the importance of the resnlts to be
obtained that in 183 he established an observatory on the Isle of
Wight to record earthqudkes from distant regions ; and he alio suc-
ceeded in having instruments of similar model et up ot observatories
very widely scattered in various parts of the world.

Wertheim o 1851 showed that a disturbance in the interior of
an elastic solid would break up mto two groups of waves, longi-
tudinal and transversal, which would be propagated ar different
rates, and as their velocities are so great that they cannot be Eepa-
rated from each other in the laboratory he suggested with rmre
fsight that their separation might first be noticed in connection
with the propagation of carthquake disturbances’ A few years
later Lord Rayleigh showed that a third kind of wave could be
propagated along the surface of the earth * Seismologists naturally
looked for imdications of these three groups of waves in Ihr:i'r

14 Sur la- propagation dis movement dans les corps solides ot Vduides™
Ani de Chimie et Phys, 1851, Vol, XX1. 10 o of liguides,

#"0n Waves Propugated slong the Plane Surface of an Elastic Salid®
Proco Lamdon. Math, Sec,; 1835 Vols XLVIL, L
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seismograms, but it was not until 1900 thay Oldham spcceeded n
showing definitely that the seismograms of a pumber of Milne
instruments gave clear evidence of the existence of three groups of
waves. Oldham also published a diagram, which was an extension
of Secbach's so-called * hodograph,” showing the relation between
the time of transmission of each group and the distance from the
earthquake origin, measured along the surface of the earth.  Milne
‘soon improved these curves by adding observations of a large num-
ber of recarided shocks® The general forms of the transnussion
curves are shown in the dingrmm. It will be seen that the cwrves
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of the first and second “ preliminary tremors,” as Milne called the
first two groups of waves, are curved, indicating that the velocity of
trapsmission increases with the distance from the origin: a con-
clusion which had already been drawn from earlier, but less ac-
curate, observations. Milne attempted to explain this by assuming
that the path of the seismic disturhance lay along the chord and not
-along the earth's surface; this practically shortens the distance to
the observing stations, and if the curves are plotted, with distances

2 Rep, of the Com, on Seismol. Investig, B, A, A, S, 1902, i 7.
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measured along the chord, the curvature is considerably diminished ;
but later and more accurate ohservations show that even under this
assumption the velocity still increases with the distance. The con-
clusion is unavoidable that as the path of the disturbance sinks
deeper into the earth the velocity increases. The interior of the
earth thén is not a homogeneous but a refractive medium, and the
path of the disturbance cannot be straight bt must be enrved with
the concavity turned upward. This condition had been described
by A, Schmidt as early as 18884 Seismologists now believe that
the three groups discovered by Olidlam are respectively the longi-
tudinal, the trumsverse and the surface waves. The transmission
curve of the latter is a straight line indicating that the waves are
transmitted with uniform velocity along the surface of the earth,
They have affected seismographs after having passed completely
around the earth. 1t cannot be said that the evidence, that the
first two groups are respectively longitudinal and transverse, is com-
plete ; butit is sufficient, in commection with theory, to muke seigmolo-
pists fairly confident that the conclusion is correct: and the passage
of trunsverse waves through the earth to great depths is proof that,
to those depths; the earth is solid 4 for trinevirse waves cammot exist
in a liquid. Further, since the velocity of rransmission depends on
the ratio of the elnsticity to the density of the medivm, and sinee
both the longitudinal and transverse waves in¢rease in velocity with
the depth below the surface, both the elasticity of volume and the
elasticity of figure of the earth, not only increase, bt incresse more
rapidly - than the density as we penetrate below the surface. The
carth therefore is not only cgid, but its rigidity increases 1owards
its center; though' seismological evidence dues not yet prove that
this characleristic extends to the very center itself.

The next step was to determine the path of the waves In the
earth and their velocity at differenmt depthe; the data for these
determinations were the times of arrival of the earthyuake waves at
various distances from the origin; these times are collected in the
transmmission curves, AL first sight this seems an insoluble problem

4" Wellenbewegung und Endheben,” Johreshefie fiir Pateriands Noture
Lunde in Wiiritemberg, 1BBR, p. 248,
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but, thanks to a remarkable mathematical theorem of Abel, it is not.
1t is clear that the time of arrival of an earthquake disturbance at a
distant station will depend on the path followed and the velocity in
different parts of the path, and if we make the reasonahle assump-
tiom, which is borne out by observation, that the velocity is every-
where the same at the same depth, then it is evident, if the velocity
increases continuously with the depth, that the transmission curves
will be continmous without breaks, and their curvatures will no-
where ninke a sudden change. The mathematical solution of the
problem has been obtined by Wicchert, Bateman and others, and
conerete results have been obtained by Wiechert and his sssistants,
o that we now know the paths of the waves and their velocities with
a fair degree of accuracy, at least to a considerable distunce below
the surface. But the questions arise: do the velocities increase
continuously with the depth; and if so, how? guestions which
could be answered by the study of perfect transmission curves; bt
even imperfect curves yield some information ; which, however, nva
be so faulty that it must be received with great caution.  Milne, who
has done such excellent pioneer work in seismology, was the first
to propose and attempt 1o apswer these questions.®  He thought the
transmission curve could be satisfied by supposing the earth to con-
sist of a solid core having & radius of nineteen twentieths of the
eirth’s radius, and surrounded by o thin shell. The core was of
uniform density and elasticity, so that the velocity of propagution in
it was umform, and the paths of the rays would be struight lines,
The velodity in the shell was much less than in the core.  These
conditions satisfied fairly well the very imperfect transmission curve
of 1002, but they may be dismissed without further consideration,
for such an earth coulidl oot satisfy the astronomic requirements,
which exact, at the same time, the proper mean density and wo-
ment of inertia.

Benmdorff in 1go6 thought he found evidence of a central core
of about four fifths the earth’s radius, surrounded by two shells,
the outer one having the same thickness as Milne’s.®  In the same

% Rep, of the Com. on Seismal. Investigation, B, A, A, & 1003, . 7-

4 Ueber iie. Art der Fortplansungsgeschwindigheit der Erxdbebenwellen
in Erditern,” Mitt, d. Evdbeben Com. k. Akad, Wiss in e, 19035, Nos.
XXIX. and XXX
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year Oldham deduced from the transmission curves 2 central core
of not more than four tenths the earth's radiug in which the velocity
was distinetly less than in the surrounding shell’ Neither of these
arrangements have been shown (o conform to the astropomic res
quirements.  Oldham's conclusgons are based on what he considers
a distinct bredk in the transoussion curve of the transverse waves
at distances between 120° and 150° from the origin; but when we
remember that fully 95 per cent. of the energy of an earthquake
shock comes to the surface within the hemisphere having the origin
a5 its pole, we see that the data for great distances niust be tog im-
perfect to yield very reliable deductions.

Muany years ago Roche showed that it ‘was quite possible to
determine a distribution of density in the earth which would be
discontinuous at severil levels, but which would still be astronom-
ically satisfactory. Wiechert, in 1897.° showed that such a system
might consgist of a central core of radius about 4,900 kni, or three
fourths of the earth’s radius, consisting of iron with a density of
about 8.3, surrounded by a stony shell about 1,500 km. thick and
with density varving from 3 10 3.4. Tt was natural that he should
examine the transmission curves to see if they supparted his ideas;
ani at the Hague mecting of the Internatinnal Seismological Asso-
ciation in 1907 he announced that they did. At the Manchester
meeting of the same association in 1911 he announced the existence
of two shells around the central core.  In 1914 Gutenberg (one of
Wiechert's assistants) announced the existence of three shells® In
addition to ordimary times of transmission, Gutenberg also used the
times of waves reflected at the earth's suriace and the variations in
the amplitude ; it is evident that a wave which crosses the boundary
of the core will experience reflection and refraction ; and whichever
part is later observed at the surface of the earth will have a dis

7 Constitution of the Interiar of the Euarth, Ouart
ol il Ouard, Jaur, Geal, Sar., 1008,

*" Ueber die Massenvertheitung fm Tmemn der Erde Nachr. k
Wiss. Gattingen, 1807 ; Moth-phys, K1, p. 22, e R e
#% Ueber Erdbebenwollen” VIIAL Naek k,
Math-phys K1, 1914 p: 1; references 1o the earlier
given in this paper,

Greells, Wiss. Gottingen;
vumbers of the serics are



1ges) INTERIOR OF THE EARTH. 2856

tinctly smaller amplitude than the wave which just missed penetrat-
ing into the core. The following table shows the positions of the
boundaries of the shells and of the core, and the velocities of the
longitudinal waves P and of the transverse waves S5 it will be
noticed that it is only at the boundary of the central core that any
marked sudden change in velbeity ocours,

Velor. bm, fwec.
R r 3

o 717 40
L2000 1150 0,59
1500 1723 G8G
13=0 732

50 { 315 { 7

i 1315 [ a0
- '[ .50 1472
fiaro ILIO 615

The remurk tegarding Oldham’s results applies also here, namely
that it is questionable whether the observations at distances greater
than 100° or 1207 are sufficiently acourate to justify such definite
comclusions.  Gutenberg had the advantage, however, of more ac-
curate ohservations than Oldham, and also of measures of ampli-
tudes.  There is 110 @ prieri reason why the earth might not be made
up of a number of shells, hut there shoulid be satisfactory evidence
for any proposed system; and it must be shown to satisfy the
astronomic requirements; or, at least, not to contradict them.
Gutenberg’s system does not correspond with Wiechert's system of
1867, In the latter a marked change in physical properties pecirs
at a depth of 1,500 km.; in the former, at a depth of 2,000 km.; and
in crossing into the core, the mtio of the elasticity to the density,
according to Guterherg, rapidly loses six tenths of its value. This
change might be the resalt of a great increase in density or a great
decrease in elasticity ; it may be questioned whether the former is
compatible with the astronomic requirements, and whether the latter
is compatible with the high rigidity which we know the earth, as a
whole, his.  So far no answer has been given to these questions.

I 1879 George and Horace Darwin attempted to determine the
rigidity of the earth by measuring the deviation of the vertical under

PROC, AMER, FHIL, & LIV, 219 T, PRESTED SEFT, 4, 1015
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the attraction of the moon, 1If the carth yielded like a finid, its
surface would always remai at right angles to the vertical, ind 2
penilulum would remain relatively stationary for all positions of the
moon ; if the carth were absolutely rigid, the moon's attraction would
deflect the pendulum an extremely small amount, but an amount
capable of being measured. The Darwins did not oltain definite
results because the disturbances of their pendulum were greater
than the deflections they attempted to determine,

A little later von Rebeur-Paschwitz attacked the same problem
with better success, using a harizantal pendulum,

Heeker, m Potsdam, and Orlofl, in Dorpat, have repeated von
Rebeur-Paschwitz’s experiment: snid both found values for the
avernge rigidity of the earth comparmble with that of steel. But.
what was most remarkable and what is still unexplained, the rigidity
was apparently greater in an enst-weet than in a north-south direc-
tion.  Orloff, experimenting st 3 greater distance from the ocean,
found a smaller difference than Heclker did, and it has heen sug-
gested that the tides of the oeean are the cause of the difference.
The International Seismologics) Associntion, at irs Manchester
meeting in 1011, made plans 10 repest the experiments in Paris, in
central Canada, in the middle of Southern Afriea sid in the middle
af Ruszia; but no repons have yet comie from these stations.

In the autumn of 1013, Michelson attacked the sune problem by
a new method, which scems capable of yielling more accurate
resulls than the horieontal pendubom,  He measured the ticﬁminn
of the vertical under the influence of the moon I whial wae prac-
teally @ water level 500 feet long, stk six feet in the carth
Michelson's results for the E-W rigidisy do not differ grnﬁtlv from
l;-“;n._g of Orloff; but his N-5 rigidity 15 somewhat less thien firluﬁ‘s.
Michelson’s. experiments - also sliow that the viscosity of the earth
must be a8 great as that of sicel, These expenments are of Ereat
interest ) they ﬁhﬂt?hl T l.'l.jir.':hltrf at vanous places, and cipecially
at places symmetrically situpted witl respect to the great oceans,
and c-n mid-oceanic 1%E.nn‘d.-1. in order to determine how far they are
affected by the odeanic tiles,

10" Prefitinary Resilts of Measurements

of the Rigidi "
The Auraphysical Jourwal, 1914, Vol XXXI e Rigndity of the Earth,
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We can say in conclusion, that the transmiission of transverse
earthquake waves <hows that the earth is solid, at least to a great
depth below the surface ; and that experiments on the deflection of
the vertical show that it is quite as rigid and as viscous as steel.
There are still difficulties in the interpretation of the observations,
but their elucidation cannot alter the general character of the
conclusions.
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THE EARTH FROM THE GEOPHYSICAL STANDPOINT,
By JOHN F, HAYFORD.
(Read April 22, mo1s)

This is a broad topic on which much intensive thinking has been
done by many men. It is impossible 1o trear it adequately or com-
prehensively in the short time available,

In this address an attempt will be made 10 g0 concentrate atten-
tion on a certain few points as to tend to clarify existing ideas and
to correlate them.  An attempt will also be made to help in locating
the lines of least resistunce to future progress in the study of the
carth.

The size of the carth, as well as its shape, is now known with
such - high degree of acenracy that the errors are negligible in
comparison with the errors in other parts of our knowledge of the
carth, The probable error of the equatorial radius is less thai
1300000 part, and of the polar semi-diameter 15 about the same.

The three physical consiants of the earth, and of its different
parts, on which you are now asked to concentrate your artention
are the density, the mordulus of elasticity, and the strength,

It is important to know as much as possible about the density.
The more ane knows about the density in all parts of the carth the

mote surely and safely one may proceed in learning other things
about the earth.

The moduliis of elasticity at each point in the earth controls the
behavior af the earth under relatively small applied forces.

The strength of the earth, at each point, 28 measured by the
stress-differenice at that point necessary (o produce either slow cons
tinuous change of shape or rupture, decides the behavior of the
earth under the greater forces applied to it

As to density we know that the earth’s surface density is about

205
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2.7, that the density probably increases continuously with increase of
depth, that the density st the center is probably about 11, that the
mesn density is about 5.6, and that within a film at the surface of a
thickness of about one fiftieth of the radius of the carth there is
isostatic compensation which is nearly complete and perfect as be-
tween areas of large extent.

The manner of distribution of the isostatic compensation with
rispect to depth, and the limiting depth to which it extends are but
imperiectly known, Nevertheless it appears that above the depth,
12z kilometers, the compensation is nearly complete even though
there may be some compensation extending bevond that depth.

Two general lines of evidence are available m detérmining the
modutus of elasticity of the earth, that from earthquake waves, and
that from earth tides,

There are many inherent and extreme difficultics in the way of
securing. reliable evidence as to the modulus of eclasticty from
carthquake wawes,

To 1913 the accuracy of available observations of tides in the
solid earth was insufficient to furnish a basis for reliable conelu-
sions. Nevertheless the estimates of the modulus derived from
these early observations were 4 fair approximation to that given by
the very recent and much more accurnte observiitions.

Dir. Michelson and those associated with him in the observation
of earth tides at the Yerkes Observatory since 1913 have developed
a method of observing which is of a néw order of accuracy such
that the minute changes of inclination at.a given point due to carth
tides may be determined with an error of less than one per cent.

These ohservations make the modulus of elasticity of the earth
as a whole about Tike that of solid steel, namely (8.6) (10" C.GS.).

It is the modulus of elasticity of the earth as a whaele which is
measured in this case,

It is eminently desirable to determine if possible whether the
moilulus of elasticity varies with increase of depth. The Michelzon
apparatus possibly opens the way to such a defermination. Sup-
pose that the apparitus is used on the shore of the Bay of Fundy.
Twice a day a large excess load of water is placed in the bay by the
tidal oscillution and as frequently the water load iz reduced below
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normal, The stresses produced in the body of the earth by these
changes of load applied over an area only about 3o miles wide are
probably confined almost entirely to the first 100 miles of depth.
The magnitude of changes of inclination produced at an ohserving
station on the shore by the chunging water load would, therefore,
be dependent primarily on the modulus of elasticity of the material
helow and sround the bay to a depth of less than 100 miles. The
observations might serve, therefore, (o determine a modulus of elas-
ticity of the surface portion of the carth mther than of the whole
carih.

Turn now to the thind of the physical constanix which it was
proposed to examine, namely the strength,

Among the forces which we may consider as furnishing tests of
strength are: (1) the forces invalved in carthquikes, (2) the weight
of continents, and (3) the weight of mountains,

The forces which produce the more intense earthquakes evi-
dently cause stress-differences locally which are bevond the break-
ing strength of the material.  Fowever from earthguakes we may
obtain but little information as to the strength of the earth miterial
because the mtensity of the stress-differences cannot be reliably de-
termined.  We know simply that the intensity exceeds the breaking
strength of the material, at the pointz of rupture.

It is uncertain how great are the maximun . stress-differences
produced by the weight of contments.  One great difficulty in com-
puting these stress-differdnces arises from the fact that the iso-
static compensation of continents, fow known to exist, reduces the
stress-differences much below what they would otherwise be.  Love
compited the maximum stress-differences thus reduced gs o7 ton
per siuare inch. Darwin computerd the greatest stress-difference
due o the weight of the continents, without isostatic compensation,
as 4 tons per square inch,  1f each of these computations were based
upon assumptions which correspond closely with the facts ane sheuld
be warranted in drawing the conclision that the maximum stress-dif-
ference caused by the actual continents supported in part by the actiml
isostastic compensation is between .07 and 4 tons per square inch, and
that it is much nearer to the smaller thon 16 the larger value, Buta
close examination of either of these computations showsthat it isbased
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upot zssumnptions made to simplify and shorten the computations,
which asstimptions depart widely from the facts and tend strongly. to
mike the computed stress-differences much smaller than the actual.
For example, both Darwin and Love nsed in their compiitations
hypotheticsl continents represented by regular mathematical forms
in the place of the actual continents with their many jrregularities,
The maxinum stress-difference cansed by the actual continents is
necessarily much greater than would be produced by the assumed
amoothed out, Tegular, symnietrical continents,

Similarly, no adequate computations have been made to deter-
mine the maximum stress-difference due to the mountains. Darwin
comptiterd the maximum stress-difference produced by two parallel
mountain ranges, of density 2.8, rising 13,000 fect above the inter-
mediate valley bottom, to be 2.6 tons per square inch. Love, for
the same mountain ranges, but with isostatic compensation taken
into account, computed the maximum stress-difference o be 1.6 tons
per square inch. lIn this case the compntation indicates that the
isostatic compensation reduced the maximum stress-difference to
but little more than one half what it would otherwise be. Here
again both the computed maximum stress-differences have been
greatly reduced by substituting hypothetienl smoothed-out motn-
tains in the place of the actual irregular unsymmietrical mountains,

To the person who is trying to get a true picture of the present
state of stress in the earth, two very important facts are made evi-
dent by a contparison of the Love and the Darwin compulations.
First. the existence of isostatic computution greatly relduces ‘the
stross-(lifferences which would otherwise be produced by the weight
of the continents and mountaiis, Second, the depth at which the
maximum stress<Hiffercnce tends to ogeur is evidently very huch
less with isostatic compensation than without it. These two con-
clnsions, hased on the differences between the two computations,
are upparently reasonably safe even in spite of the same wild as-
sumptions on which both the computations were based.

Note that even a little information as fo the distribution of
densitics—a little information about isostatic compensation—pro-
foundly modifies the conclusions as to the state of stress in the earth.
It shoulil, therefore, be clear why it was 20 emphatically stated in
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an earlier part of thiy address that information as to the distriby-
tion of density in the earth is necessary in order to make safe
progress m learning other things about the earth.

Iz the earth competent to withstand without slow yielding the
stress-differences due to the weight of continents and mountains,
the isostatic compensations being considered? From the computa-
tions by Darwin and Love, considered in the light of the assump-
tions made by them to simplify the computations, [ estimate that
it is probable that the actual mountains and continems with all
their irregularities of shape and elevation possibly produce stress-
differences in some few places as greal as four tons per syuare incl,
and certainly produce stress-differences at many places s great as
two tenths of a ton per square inch. The material would certainly
yield slowly under such stress-differences especially when they per-
sist continuously over long periods of time and throughout large
regionts.  Four tons per inch is the breaking or ruynure foad for
good granite, one of the strongest materials existing in the earth in
large quantities. Two tenths of a ton per square inch is the safe
working: load used by engineers for good gramite. There is abun-
dant evidence from laboratory tests that the so-called yield point on
which the engineer bases his estimate of safe working lond for a
given material iz a function of the lengsh of time the load is npplied
and the delicacy of the test.  The longer the time of application and
the more refined the test to determine the permanent vield the Jower
the ohserved vield point, In the casze of the fest in progress in the
earth the time of application is indefinitely long and the test s ex-
tremely refined inasmuch as the minimum rate of vielding which
may be derected is exceedingly small

Lf an engineer wishes to know whether a bridge, or foundation,
or building, or railroad rail s yielding under stress-differences
which have heen brought to bear upon it be looks for evidence of
distress, for river heads popped off, scaling from the surface,
settling, eracks, or even changes in microscopic structure. The
geologists have mide very extmsive corresponding examinations of
the earth.  Fverywhere they find evidence that the earth his yielded:
On the one fourth of the earth's surface exposed to examination,
the land, there is no part for which the evidence does not indicate
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past uplift, or subsistence, or horizontal thrust, or cracking under
tension, or cracking produced by shear, or microscopic yielding in
detail such as produces schistosity for example, or some other form
of past yielding (o stress-differences. The physicist studying the
earth must take this overwhelming nmass of evidence into account
cand must conclude that the earth habitually yields slowly to the
stress-differences brought to bear upon it.  Please note that 1 do
not assert that the streéss-differences are all due to gravity,

1 propose now to state what are in my opinion probably the lines
of least resistance to future progreses in studyving the earth from the
physical standpoint. 1 propose to outling what 1 believe 1o be the
most effective methods of attack, and 1o indicate some of the concla-
sions which will probably be reached. 1 am led to this procedure
by two considerations.  First, [ find it possible to stale certain of
my opinions as to the net outcome of past investigations most clearly
in that form—and time présses, Second, T indulge the hope that
such an outline which is frankly an expression of judgment based on
evidence much too weak and conflicting to be proof, may possibly
kindle the imagination of some man or men; and so lead w0 vig-
orous attacks upon the problem and to future progress,

In attacking the problems of the earth one should assume at the
outset that the phenomena exhibited are very compheated, that they
are probably due to various simultaneous actions, and that the
yarious actions are probably closely interlocked, modifying each
other, though some are probably primary in importance and others
secondary, Hence the most effective method of atack is probably
one which includes a general correlation of apparently widely sep-
arated ideas and facts gathered from physicists, engineers, geol-
ogists, chemists, ete,, and at the same time includes intensive attacks
in detail on one after the other of single features of the problems
which arise and an intensive working out of the possible conse-
quences of said features,

1t should be recognized at the outset that no observed behavior
of the earth clearly warrants the assumption that the material of
which it is composed differs radically in any way from that aceces-
ible at the surface. Tt should be assumed, therefore, that through-
out the earth the materials are a mixture differing from the mixture
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found at the surface only as the extreme pressure and temperature
conditions at great depths directly and indirectly produce differences.

It should be kept clearly in mind that the geodetic evidence from
observations of the direction and intensitv of pravity imilicates
simply the present location of attracting masses, the present distri-
bution of density. It furnishes no direct ¢vidence whatever as to
past distributions of density, or as to changes in density now in
progress.  But an understanding of the present distribution of
density within the earth, especially near the surface, is so necessary
to a true understanding of the present state of stress and of viscous
flow in the earth that an understanding of the geodetic evidence is
fundamenial ro progress.

Computations shonld be made in extension of those which have
been made by Darwin and Love. The new computations should,
however, deal with the actual irregular continents: sl moumntains,
not with regular substitutes. The computations should also take
into aecount the bull modulus of the materials composing the earth,
that is these materials should e assumed to be compressible.  Such
computations. will no doubt be both difficult and long. 1 believe
that even a moderately vigorous attack along this line will show con-
clusively that the earth docs not behave as an elastic body under
the large Ioads superimposed upon it by the coutinents amd moun-
tains. T believe that the computed stress-differences will be Foand
to he so arge that the computation will be essentially a proof of
viscous yieliling,

Next make the contrasting nssumption that the material COmpos-
ing the earth is competent to withstand but little shearing stress,
and that the pressure at any point is that due to gravitation itcting
on the mass in the column extending from the point vertically 1o the
surface. Let it be assumed that isostatic compensation exists is
uniformly distributed with respect ta depth, and is complete at
depth 122 kilometers. Consider the actual topography and form a
miental picture as accurately as possible of the viscons flows which
would take place on the assumption that at each level the material
would flow horizontally from regions of greater pressure to regions
of less pressure along lines of maximwmn rate of change of pressure,
and that the time rate of such viscous flows would tend to be pro-
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portional to the space rate of change of pressure. The flows would
all be found to be away from beneath high regions woward low
regions, from continents towand oceans, from mountains toward
valleys.

After such a picture his been clearly formed assume that the
isostatic condition is disturbed by long-continued erosion and depo-
sition producing changes in the surface clevations and surface loads.
On the sime assumptions as to the nature of the viscous flows as
“before, form a new picture of the viscous flows which would now be
in progress. It will be found that under the new conditions the
viscous flows near the surface would still be away from high areas
and towinl low areas, but in general they would be slower than
before. At greiter depths, however, it will be fonnd that the vis-
cons flows wounld be undertows from regions of recent deposition
toward regions of recent erosion.  These undertow fows would o
general tend to be in the direction apposite to recent surface trans-
portation of material, This picture would serve as a first approxi-
mation to an understaniing of the mechanism of isostatic readjust-
ment. The undertows would be found on these assumptions o
extend to a.considerable depth, certainly njore than 122 kilometers,

Next one should picture the changes in density which would be
produced by the visconz flows. The density should be pictured as
decreasing in regions from which material is being carried away by
the flow and inereasing in regions to which the muterial is being
carried. It will be roticed as soon as such a picture is formed that
every undertow llow at any level tends to equalize pressures at lower
levels. This will have a strong tendency to make the prevailing
undertows occur at much higher levels than they otherwise would.

Let it be assumied that the viscous material offers some small re-
sistance to shear and still has elastic properties to u slight degree. The
condition assumed originally that the pressure at a point depends
simply upon the weight of the material above that point will be dis-
turbed therely, Form as clear a coneeption as possible of these dis-
turbances and the modifications of the flows produced by them.  1he-
lieve the modifications will be found to be important, and that they
will be found to be such as tend to confine the effects 0f suriace
changes of load to a depth which is a small fraction of the radius,
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So much for the direct effects of gravity which it seems 1m-
portant to picture clearly. Next study other effects, some of which
are indirectly produced by gravity.

First study the modiiving effects of changes of temperature.
Wherever viscous flow takes place in the quasi-solid portions of the
ecarth there hieat is necessarily developed in amount equivalent to the
mechanical energy expended in overcoming the resistunce to flow.
This will tend to increase the volume of the material, to increase
the pressure; and to raise the surface above the region of viscous
flow. 1L is probable also that the increase of temperature will tend
to weaken the material, thus emphasizing the weakening produced
by the damaging mechanical effects of the flow.

This temperature effect is probably locally important.

Beneath areas of récent deposition the temiperature of a given
part of the buried material will slowly increase for long periods of
time, on account of heat canducted up from below and prevented by
the new hlanket of deposited material from rising to the surface so
freely as before Conversely, benenth the areaz of recent erosion
the temperature of & given portion of material will decrease. The
ultimate Hmit-of change will tend to be 10 cach case not greater than
about one degree Centigrade for each thirty-two meters of depth of
erosion or depasition.  These temperature changes tend ultimately
to lower areas of recent erosion and to raise areas of recent deposi-
tion, possibly as much as one thirtieth of the thickness of the erosion
or deposition,—thie temperature efféct viking place much later than
the erosion or deposition which initiated it

Study next the effects which may be computed from the bulk
modulits of elasncity. Beneath areas of erosion a given particle of
miiter tends to rise by an amount which may be computed from the
bulk modulus of material, amd similarly & particle tends to fall be-
neath an area of deposition.  |f the depth to which the dlastic phe-
nomeni extend is as great as 122 kilometers and the bulke modulus
is 300,000 kilograms per square centimeter (corresponding  to
granite) the rise or fall of a particle near the surface will tend to
be at least 1/50th part as great as the thickness of the materisl
eroded or deposited.  This is a change 5o large as to have consid-
erable effects in modifying or tmagnifying the actions which would
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otherwise occur. Possibly this elastic change is much larger than
the estimate here given. Of course if the erosion or deposition takes
place in a small area only, such elastic response will be largely in-
hibited by surroymding material on which the load hus not been di-
rectly changed.  But under large areas of erosion or deposition such
action must take place and extend to depths possibly as great as 122
kilometers,

Study next the modifying effects, on the phenomena already pic-
tured, of chemical changes which are probably produced i the earth
by changes of pressure. The expression " chemical changes™ is
here used in the broadest possible sense. A relief of pressure at
any given paint in the eirth necessarily favors such chemical
changes as are accompanied by increase in volume and reduction
of density. Increase of pressure tends to have the reverse effect.
Such changes tend to reinforce and extend in time the effects just
referred 1o which may be computed from the bulk modulus of elas-
ticity. It is important to estimate stuch changes as well as possible
from all available evidence, such for example as that furnished by
chemists, by geologists, and by such investigations of rock forma-
tion as hiave been conducted at the geophysical laboratory in Wash-
ington. | believe the possible cffects of this kind will be found to
be so large as ta be of primary importance.

Evidence has accumulated during the past few years which
makes it reasonably certain that with increased pressure, as at the
great depths in the earth; the rigidity and the viscosity of the
material also necessarily Increase.  This tends to cause the viscous
flows to take place at higher levels than they otherwise would
This should be taken into account.

"Next 4 redxamination of the conceptions so far formed shmlld
be maile to ascertain to what éxtent and how they watild be modified
if one started with some other reasonable assumption as to the limit-
ing depth of present isostatic compensation or some other. reason-
able assumption 45 to the law of distribution of the compensation
with regard to depth.

Next full and extensive comparisons should be made between
the hypothetical phenomena on the one hand pictured as made
up primarily of viscous flows, modified by some elastic effects, ini-
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tiated in part by surface transfers of load, modified by changes of
temperature, modified by chemical changes and in the other ways,
pnd on the other hand the facts of the past as to the Tehavior of the
earth recorided in the rocks and read by geologists and others. This
camparison should be used to the fullest possible extent to evaluate
the relative importance of the various elements in the actions.

In making this comparison of various hypothetical phenomena
with the great accumulated muss of geological facts it should be
recognized at once thar it is false logic 1o reason that if a given
hypothesis does not account for all the observed facts the hypothesis
i necessarily erroneous,  On the contrary it is true logic in dealing
with such a problem as the earth seen from a physical standpoint
to reason that the more facts are accounted for by a given hivpothesis
the more certiin it is that said hypothesis is a4 statement of a con-
trolling element in the complex phenomena and then to study the
facts which appear neutral, or conflicting;, with reference to the
hypothesis, considering them as indicators of other elements of the
phenomena which one should attempt to embody in other supple-
mentary hypotheses.

I submit that in studying the earth it is a mistake to think that
there is any necessary conflict between the idea that the earth bes
haves as an elastic body and the idea that it is yielding in a viscous
marmer. A body may behave in both ways at once. The earth
is probably acting largely as an elastic body under small forces
which change rapidly and at the same time is yielding in a viscous
manner 1o forces of larger intensity which are applied in one sense
continunusly for long perinds.

The obiject of this address will have been accomplished if it
served in time to arouse the imagination and interest of some one
anil to guide him to greater effectiveness in attacking the problems
presented by the earth as scen from the geophysical standpoint.

Cotsar of Exinesmns, Norrtiwestms Uy,
Evaxsrosx, Iin



MORPHOLOGY AND DEVELOPMENT OF AGARICUS
RODMANI

{ Puares VII-XIIL)
! By GEOQ. F. ATKINSON,
(Read April 23, 1075.)

IxTRoDUCTION,

Agaricus rodman® was described by Peck in 1883, from speci-
mens growing in “grassy ground and paved gutters™ at Astoria,
Long Island, As to its habitat and occurrence a more specific state-
ment is made in 1897, in that it  grows in grassy ground and even in
erevices of unused pavements and paved gutters in cities,™ irom
May to July, and is said to be rare. It has been obsérvid in the city
of Ithaca, N. Y., for a number of years, where it is usually found
growing in the parking between the sidewalks and street curbing, or
even in the crevices of stone paved streets and gutters, and alsoin
grassy ground along the street railway or along walks en the border
of groves. The material for this study was collected in August,
1914, dlong the Ithaca street railway and by the side of paths along
the border of groves on the campnss.  In these places the myeelium
in spots was often very abundant so that lumps of soil resembling a
fine quality 6f spawn were exposed i digging for the young stages.
The younz fruit bodies collected were seattereil on these cords of
mycelinm, the material and conditions offering very clear evidence
of the normal development of the hasidiocarps. The material was
fixed in chromeacetic fluid and sectioned in paraffin,

The features of interest in the morphology and development of
Agaricus rodmani which T have considered in the present study are
as follows: (1) the duplex character of the annulus, or ring. on the
stem, and its significance : (2) the origin of the hymenophore funda-

EN. Y. State Mus. Nat Hist Rept., 36 43 1885

£N. Y. State Mus. Nat. Hist. Rept, 48, t30 1505,

S00



310 ATKINSON—MORPHOLOGY AND [April 2,

ment; (3) the differentiation of parts in the primordial ground
tissue; and (4) the origin and development of the lamelle, The
peculinr form ‘and position of the annulus on the stem has sug-
gested a resemblance toa volva, 3 structure not admitted in the genus
Agaricus as now limited ; while the subject of the origin and de-
velopment of the lamella has aecquired new interest in all of the
Agaricacer since the accuracy of observations and the correctness of
the stitements covering a period of more than a half 3 century, in
regard to this topic, have recently been called in question.  Without
further preliminary remarks we may proceed to an accoint of the

present investigation, and to a consideration of the various matters
involved.

I Tue Durtex AXSULUS aND 1T SIGNIFICANCE.

The Anuplus—The annulus is situated pear the middle of the
short stem, or even near its base. It is usually very thick next the
stem and is divided into an upper and lower limb by a deep marginal
groove os is clearly seen in the pholographs reproduced in Plate 1.
In those cases where the annulus is nenr the hase of the stem. Peck
was impressed by its suggestion of * the idea of & volva™ (/. ¢, 45).
Before the expansion of the pilens, while the veil is still attached to
the stem and pileus margin, & longitudingl scetion of the plant shows:
very clearly that the lower limb of the annulus Yies on the outer
(upper) side of the pileus margin (sce Plate VIL, upper right hand
and lower left hand figures). The marginal veil is very: thick and
the epinastic growth of the pileus margin crowds the latter into the
veil tissiie and against the stem.  The position of the lower Timh of
the annulus therefore corresponds to that of the volva limb of the
Amanitar. '

The plates represented in the npper group of Plate VII, were col-
fected on the Comell University campus, those in the upiper group
during August, 1911, along a path in the edge of a small wood not
far Trom the street; those in the lower group, Jaly, 1013, along the
street railway and parking by East Avenue. 1In the expanided speci-
mens, the pileus ranged from 6 em. to ® em. in dizmseter, The

plants were smaller than those represented in Plate VIIL., but since

they were abundant and in all stages of development they present in
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an excellent way the different details of the veil and annulus duning
expansion of the plant. Those represented in Plate VIIL, were col-
lected by Mr, Wood, June 28, 1915, in the parking between the
sidewalk and street, on Stewart Avenue, in front of the Town and
Gown Cluby Ithaca, N. Y. They were very robust specimens, and
show the great distance Letween the upper and lower limb of the
anmmlus, They are reproduced here real size,

A thin outer layer of the lower limb of the annulus is continuons
below with the outer layer of the stem, and also with a very thin
surface layer of the pilens, As the stem elongates at the time of
the expansion of the plant, this outer layer of the stem lags behind
and is thus torn into irregular patches shown very clearly in the two
upper lefe-hand figures of Plate VI, The edges of theze patches are
frequently warped away from the stem, thus showing a tendency to
exioliation. This is espeetilly morked in the case of the suriace
laver of the stem next the lower limb of the annulus, The warping
upward of this layer, after it bos been severed from its connection
helow, often gives the appearance of a double edge to the lower limb
of the annulus, as shown in the lower right-hand figure of Plate VIL,
where the upper limb of the annulus has not yet broken away from
the pileus margin,

The very thin layer on the pileus which is also continuous with
a thin outer layer of the lower limb of the annulus often shows 2
tendency to exfolintion. This partial exfoliation of the stem and
pileus surface is clearly marked where the basidiocarps are some-
what soiled by contact with particles of earth, as they are Hikely to be
ihuring the period of subterrancan growth.

The vuter portion of the lower limh of the annulus, as well as
the correspanding thin, and partially exfoliating surface layer of the
pileus and stem are derived from the outer layer of the blematogen,
The blematogen layer; as | have interpreted it, is present in the genus
Agariens as well as in Awanits. T the species of Amanita thus far
studied,” the blematogen at length is clearly separated fromi the pileus
by a cleavage lnyer, arising from the gelatinization, or other kind of
disintegration, of the external layer of the pileus primordium, thus

£ Atkingon, Geo, F, *The Development of Awmanitopsis taginata” Adnn.

Mye,, o, 30302 pla 17-10, 1014
FEOE AMER. PIiit. BOC.. LIV, 219 U, PRINTED SEFT, 7, 1915,
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giving rise to the teleoblem, or finished volva, But in the genus
Agaricus* no such cleavage laver is formed, and the suriace of the
pileus primordium becomes consolidated with the blematogen layer
which here does not form & true volva, or teleablem.

The lower limb of the annulus of Agaricus rodmani is not, there-
fore, strictly homologous with the volva of the Aisamiler, not even
mcluding the thin layer of the stem and pilens which sometimes tends
to peel off, since it does not comprise all of the blematogen layer,
nor is it separated from the pileus by a distmet cleavage layer. T it
were homologous with the volva of the Amunitos, then this species
wonld reprisent a generic type distinet from Agaricus ( Psalliota),
In fact other species of Agoricus frequemtly show a similar condi-
tion of the annulus, . ¢, where the margin {& * grooved,” due to the
insel of the pileus margin inlo the vell where the conditions for the
robust development of the veil are favorable.. In Agaricus campes-
friz the annulns frequenity presents a grooved margin, not only in
the cnze of cultivated forms, but more rarely in the feral state.
This comilition is well shown in Plutes 11 and 12 of my article on
Agaricus campestris® In Fig. 20 of that article the lower Timb of
the gntmlug has heaken away from the owter surface of the incuarved
pilens margin, while the upper limb is still attached to the edge of
the pifeus.  In Figs. 18 amd 19 the upper limb has also become freed
from the pileus marginand the grooved character of the cdge af the
amnulus is very distinctly shown.  In Fig. 15 of the same article,
sections of the yotng basidiocarps show very clearly the position of
the lower limb of the annulus extending over the outer { upper)
sitle ofF the pilevs puirgin,  Fig, 20 also ;huws very clearly ﬂmt the
annylus as & whole is ripped off from the lower part of the Etem,
being an exaggerated case of the slight peeling up of the thin surface
layer of the stem mentioned above in Agaricus rodmani. That the

4 Aikindim, (e, F, * 1 ‘ i3
B o e ml”‘fi":ﬂj?p’-‘f:"ﬁ::'r:l‘ :L Agaricay arvensis and A,
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lower limh of the annulus in A, rodmani iz merely a part of the
marginal veil is clearly seen in the sectioned plants shown in the
lower groups of Plue VIL, where the connecting portion between
the two limbs is clearly differentiated from the surface of the stem
with which it is in contact, a situation very different from that in
Amanite where the volva has no such relation to the annulus.
Comparison of dgaricus rodmani with other Species of Agaricus.
—This extensive peeling, or ripping upward of the annulus from the
lower part of the stem in Agoricus campestris i3 the cause of the
more extensive, i, o, hroader, veil and annulus than is characteristic
for Agaricus rodmani. Peck regards this species as intermediate
between Agaricus compestris and A. arvensis? rsembling the former
in size, shape and general appearance; the latter in the * whitish
primary color of the lamellie,” in the occasional yellowish tints of
the pileus, and the occasional rimese under surface of the annulus:
The robust character of the annulus of dguricss rodmani and the
thick flesh of the pileus margin crowded by epinastic growth agamst
the steni decpens and widens the groove on the edge of the annulus,
This, together with the very short stem, in comparison with the
longer stem of Agaricus compestris and A, ervensis, 1s; | think,
largely responsilile for certain differences in the charactér of the
utider surface of the sunulus in the different species.  In the species
with the longer stem more stretehing of the stem oceurs and the
annulus (or veil) is ripped upward from a greater extent of the
stem surface.  The radiately grooved character of the under surface
of the amnulus, in certain spocies (. orvensds Schults, A. abruphi-
bulbus Pk,, A, placomycer PR A, hamorrhaidariug Schultz}, or the
coarsely floccose or sealy character in certain others (Agaricws
subirufescens Tk, A. augustus Fr., or both features contained in
some) is larpely die to the fact that this part of the annulus is
stripped from the stem and then hrought under greater tension than
‘the upper surfnce as the expansion of the pileus stretches the veil
ottward, All things considered Agaricus rodnani i much more
closely refated 10 Agaricws campestris than vo any other of the
fpecies, It is very probably identieal with Agaricus campesivis var,

SN, Y. State Mus, Nat. Hist. Rept., 36, 45, 1885,
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eduliz Vitt,,” as 1 have elsewhere suggested® (1900, 1901, 1003, p
20). [Excellent fipures of this variety are given by Vittadimi (/. ¢,
pl. 6) and by Bresadols® (pl. 54).

. Omcix oF i Hysmesoromore PrisMonoous

Primordium of the Basidiocarp—The primordin of the basi-
diocarps are elliptical or ovil in outline, and reach a diamcter of
3 mm, or 4 mim. before there is any internal evidence of a differentis-
tion of parts. The length is usnally somewhat greater than the
transverse diameter.  Inspecimins not so well nourished differentis.
tion may begin before the primordia have reached this size. The
primordium, Tfrom the size of 2 mm. to 4 mm, in diameter, consists
of a homogencous interlacing of stout mycelial threads with rather
thick walls. In primordin 3 mn. to 4 mn in diameter the hyphae
average about 5p to 7 in thickness, occasionally stouter ones are
seen which measurcupto 1o, More slender threads are also inter-
mingled, but all sizes are so indiscriminately interwoven that no
structural differentiation is perceptible. In smaller primordia the
hypha average less in dinmeter, It most of the primordia examined,
the sections are evenly stained throughout, but n a few a2 narrow
zone d short distance from the surface staing more deeply than the
external and internal fissue (Fig. 2), This suggested the possi-
bility of a differentiation of an outer zone distinct from the bulk of
the fruit body. which is sometimes present in Agaricus campesteiy
and whigh 1 have cilled the protollem.® A similar zone is found in
some of the basidiocarps after the origin of the hymenophore funda-
ment, but in the material which I have examined it is the exception
rather than the rule, and T ani inclined to the belief that it is due to
some condition which affects the rate of growth or increase of cer-

* Vittading, C. = Fumghi Mamgerecei” 44, 1835

8 Atkinaom, Geo, F., " Studies of American Fongi; Mushrooms, Edible,
Poisomons, ete.” 1at édition, 1-VL, 1-27%, 76 plates (223 figs), lthaca, N Y.,

1goa, fdem, 2d edition, I-VI, 1-322. 86 plates (230 figa.), Ithaca, N. Y.
rgor, ddess, New York Ulty, 1003

*Bresadola, G, “ Funghl Mangereed & Velenosi® 1800

0 Atkineon, Geo, F., " The Development of dgoviews arvensts and A
cominlur™ Ini. Jour. Bot, 1, 322, pls, 1, 2 1014 * Homology of the Uni-
versal Vel in Agaricus,” Mye. Centralb. 5, 13-19, ple 1-3, o1y,
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tain individuals, A protoblem® is very likely present, but it 13 diffi-
cult to distinguish in primordia bavng a subtermnean origin becanse
of the ease with which the delicate protoblem is removed while re-
moving the soil, and especially in the forms ant species of Agaricus
with a white pilens. TIn those with & brown pileus, like Agaricus
camipestris var, bohemia of the commercial spawn growers, the
delicate, white protoblem is very distinet.

Differentistion of i Internal Anwular Hymenophore Primor-
diem.—The first evidence of internal differentiation is the appear-
ance of an internal annalar zone of new growth in the region of the
smaller end of the oval fruit body, This can be studied with ad-
vatitage by means of serial, longitudina] sections, A median longi-
tudinal section is shown in Fig. 3, while a “tangentin] " section, i. e.,
parallel with the axis of the basidiocarp. but through one side of the
annular zone of new growth is shown in Fig. 4 Diagrams 1
and 2 (in the text) show how the sections were maile, Fig. 3 is
from the region marked by the line 2, while Fig. 4 is from that
nutrked by the lines 1 and 3. The darker staining sreas in Figs, 3and
4 mark the position of the zone of new growth, In the median

11 The Jlelicate, Bocense, primury universal vell, o protoblem was ob-
serveld by Fries on Aporicms compesiriz aml o few other species, and
called by lhim a subuniversal veil. Vittadini (in Fung. Mung., 147, pk 16
fig: & 1835} deseribes and figuees it 0. connection with his gtudy of the
development of his Agaricns crguidine.  But in this species be seems jo eon=
fuse this delicale universal veil (protoblem) with what he termn the volva
in several species of Agaricus. He alsa applics the wrm volva 1o the
lower limb of the annulis in Agariews erguisitus. and in dgarices edulie
He says (L e 148) this delicare umiversal weil in AL exaiisitug. is per-
fectly similur 1o/ that which comstimies the veil of the " Tignose” & », the
sraly Ammnitas like A, muresrde, ole Viitadinl ileo states (I ¢ 1a7)
thut Tratthmick  ohserved  this delicate aniversal weil . (protoblem) .on
Aparicus edulis. (the apecies which Trantinnick describes me A, sdulis is
different from A, campesiriy edulis Vit or A rodmani Pk.). but it sppears
that Vittading mivmterpreted Tratiimick's statment.  The lattier sys; in order
to prevent confasion one should aveid (L o, p 730 taking for the edible one
i smushroom (F4), which muy have alio only the slightest mace af u mem-
brane which in youth envelopes (he entive mushroom, mncheling pHlets aned
stem, down to the roots. “Um Verwechslungen 2u vermeiden, hitte man
sich statt der Gugemtke einen Schwamemn zu pehmen ™ (73), “(d) der such
nmr die geringste Spur von einer Wulsthaut haben sollte, die in der Jugend
den gunzen Schwamm mit st den Strunk und Hut bie auf die Wirzel
vetliiitlet ™ (5a Die ezshare Schwimme, 1830).
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longitudinal section two such areas are seen, symmetrically situted
on either side of the long axis and some distance from the surface of
the fruit body. The smular zone is of quite lmited extent as the

Diacease t Lateral view through young basidiocarp representing ezrly
stage of differentiotion into’ the grimordia of the four principal parts: piless
ares, stem area, hymenopbore fundsment (#y) anid vell primordinm (17, P,

Draseas 2. Zenith view In young basidiocarp st same stage of
findaments, and annolas bymensphore primordinm, See 1ext for details

small area presented by its transection In Fig. 3 shows.  The outline
of ‘this area in trunsection is somewhst elongated and rises at an
oblique angle from the stem aren, well shown in Fig. 3 and indi-
cated in diggrnm 1. The area of the primordial hymenophore seen
i the tangential section iz much more extensive as shown in Fig. 4.
The difference in the extent of these areas shown in median (Fig. 3)
and tangential (Fig, 4) sections is clearly appreciated by reference
to diagram 2.

Structure of the Young Hymenophore Primordivm.—This inter-
nal anmilar zone of new growth arises by the origin of numerous,
slender hyphal branches, rich in protoplasm, which are directed
downward, or cbliquely downward and outwiard, They have a
more direct course than the hyphae of the basihocarp primordium,
the latter irregularly sinuons and interwoven, while the hyplue of
the young hymenophore primordium gre nearly or quite straight.
Because of their small diameter and their slender, gradually taper-
g ends, they easily crowd their way throngh the rather oty weft
of hyphae forming the ground tissue or fundimienial plectenchyma.
Fig. 95 a highly magnified view of the hymenophore primordium
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shown in the section represented in Fig. 3, from the right-hand area.
The dark ares in Fig.  represents the mass of deeply stained hyphae
of the new growth zone. Because of the compaciness of the tissue,
very little detnil is shown. But along the middle portion of the
figure between the lighter, open mesh of the ground tissue below
and to the right, and the dark area of the hymenophore primordinm
abiove and to the left; a number of hyphz in advance of the others
are shown extending into the loose mesh of the ground tissue,
These are nearly parallel and their extremities arc more or less dis-
tant, because they are in advance of the greater number of new
hranches present in the mare deeply staining area. No annular gill
ravity is present at this time.

Growth and Increase of the Hymenophore Primordizon—The
growth and further orgunization of the hymenophore primordium
is readily studied by the aid of similar serinl sections of successively
older stages of the basidiocarps. Sections of such stages are repre-

Thaceas 3. Lateral view throtgh young basidiocarp at a slightly later
stage of development than I diagram 1t Hy = hymenophore: 4 €. =
annnlar cavity; VP, = veil primdrdinn

Dikiias 3, Zemith view in young basidiocarp at same stige of
development, - See text for derails,

sented in Tigs. 58 and 10-16. Diagrams 3 and 4 indicate how the
sections were made, From the condition show in Figs. 3. 4 and o,
there is a rapid increase in the number of hyphze in the zone of new
growth, extending in the same direction, i. e, downward and ob-
liquely outward. During the increase in number the hyphe become
more crowded, ure straighter and lie more nearly paraliel.  The
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upper outer portion of this new zone of growth, 1. e the hymeno-
phore primardium, represents the early stage of the organization of
the pileus margin: in other words, the annular internal zone of new
growth is to be interpreted as the young primordium of hymeno-
phore and pilens margin, the latter mcluding the ares from which
the new hyphal branches arise as well as the hasal ares of these
hranches. Not only is there interstitial growth in the increase of
these hyphal branches, the new ones crowding in hetween the older
ones forming a more compact zone, but there is ilsa a centrifugal
increase in the periphery of the annukir zone. The centrifugsl
growth of the pileus margin and hymenophore primordinm is very
charaeteristic,

The position and direction of the hyphe of the young hymeno-
phore primordinm, as well as the increasing density of this area, is
well shown in Figs. 10-16. The stem axis of all the figures js
parallel with the long axis of the Plate. Several of these figures
are highly magnified views of the hymienophore primordiom shown
in Figs. 5-7: Fipx. 1o and 15 being highly magnified views of the
hymenophore of Figs, 5 and 6, while Figs. 12 and 16 are highly mag-
nified views of that in Figs. 7 and B Fige, 10 10 14 are from
medinn longituding] sections of the basidiocarps. | Fig, 10 is from
the right-hand side of the stem axis, i, ¢., the stem axis js at the lefy,
Figs. t1—14 are from the left-hand side of the stem axis, the stem
axis therefore being on the nght-band of the figures, The increas-
ing density of the elements of the young bymenophore is progres-
sively shown in Figs. 1010 13. With the increasing density (he.
ends of the hyphe reach more and more to the same level and
thus tend to form an even surfaie which forms the transition to
the palisade layer.

Origin of the General Annular Gill Cavity.—A striking feature
in all these radial transections of the hymenophore zone and pileus
margin s the curved outline of e z

. Ole 4% seen in transection,
This 15 remarkably strong in Figs. 11 and 12 becanse the Young

hymenophore primordium extends for a considerable distance down
around the apex of the stem fundament. This arched form of the
young annular hymenophore zane is the result of epinastic growth
of the pileus margin, which is very matked even in this very early
stage in the orgasization. The rapid increase in the number of
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the hyplee in the young hymenophare, crowding in between the
older ones; as well as their increase in diameter, produces a great
pressure in this region. As a result of this increasing pressure
within the arch a strong tension is exerted on the ground tissue
below and adjacent to the arch. The ground tissue at this paint
is thus torn spart, forming a distinet openming, or cavity, beneath
the young hymenophore, which is known as the annular gill cavity,
The continuity as & general, annular, internal cavity can easily be
determined by serial longitudinal sections through the young fruit
body, the sections being made as indicated in diagrams 3 and 4, the
knife travelling through the basidiocarp in the direction indicated
by the lines 1, 2, 3= As the knife passes the region marked by the
line 1, the sections will shiow a single eavity elongated transversely
as shown in Figs. 6 and 8, 15 and 16, As the knife pusses into the
Stem aren the sections will show two cavities situated symmetrically
-az in Figs. 5 and 7 (or as in diagrams 3 and 4). Then as the knife
passes out of the stem aren, into the region indicated by the Tne 3,
the sections will again show a single cavity elongated transversely.

The annular gill cavity*® varies in strength in different indi-
viduals and at different stapes of development. Sometimes it is
very weak, at other times it is quite strong. The tearing apart of
the ground Hssue often leaves it with quite an open mesh, and the
surface next the gill eavity is more or less irazzled. The gill cavity
is stronger next the stem where the hymenopliore is older, and is
weaker toward the margine Where the cavity is weak, isolated
‘threads or irregular sirands of the grommd tissue are not completely
torn away From the hymenophore, and the cavity is thus often tra-
vorsed by lagping elements of the ground tissue.. At a later stage,
after the origin of the lamelle, the anmilar cavity in' some indi-

1=21h a recent paper, after describing the gills in Coprime wicacens,
Levine (™ The Origin ol Development of tse Lamellie in Coprinug micaeens,
Awm, Jonir. Ror, y, 333-350, pls, 30, 40, 1o14), makes the statement (p. 353)
that ™ There is no geveral ¢l cavity & described by Hoffmann, deBary,
Atkinson, and others”  Since deblary (* Morphologie wnd Physiologie der
Pilee, Flechten iind Myzomyceten,”" 60, 18663 is the only persos hitherta who
hae annoumeed the presence of & geteral mnular gill eawvity In Coprinis
micacris, this statement by Levine ean gnly be iniecpreted as o gencrul
denial of the presence of & general nnnular gill cavity in the species i which

it has thus far been deseribed, a mther rash statement which will be re-
ferved 10 again in the discussion of the origin af the lamelle
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viduals way become nearly or quite closed by the increase in the
elements of this ground tissue, which forms a portion of the mar-
ginal veil, but chiefly by the epinastic growth of the pileus margin
which crowds this ground tissue up against the margin of the lam-
ellz, as shown in Figs. 32-38

Organizotion of the Palisade Laver~The level palisade layer of
the hymenophore follows the primordial stage, immediately after
the latter stage has become dense and compact by the increase in
number and thickness of the paraliel hyphal elements. The grow-
ing compactness of the primordial hymenophore zone is secom-
panied by the evening up of the hyphal ends into 1 plane surface
As the ends of the hypha broaden the free surface of the hymeno-
phore becomes compact and smooth, or even, This is the lovel
palisade stage of the hymenophore, It is a gradual, not abrupt,
transition from the primordial stage. It Degins next the stem, or
in muany cases on the outer surface af the upiper part of the stem
fundament as shown in Fig, 12. Here the palisade area, in radial
section, rises upward at a strong oblique angle from the axis of the
stem, and then grades into the primordial areq toward the left
The palisade area progresses, like the primordial area and the pileus
margin, in.a centrifugal direction, the older portion lving next to, or
on the upper part of the stem fundament,

The level palisade layer of the lymenophore, preceding the ori-
gin of the lamelle, was first described by Hoffmann® in 1856, 1Ro,
anil 1861, in abowt & dozen specics {see the later paragraph on the
origin of the lamelle for a list of species), DeBary'* (1850, p. 386,
394) described the palisade layer of the young hy
Nyetalis asterophora and parasitica, as having radial

1% Hoffmann, H, " Div Pollinarien and Spermatien von
Zeit, ve: 137-148; 153163 pl 5, 1836 Beitrige. mr E
schichte und Anmatomic der Agaricinen” Bar, Zejp
ple 13, 14 186 leones  Analyticse Fung
Beschreibungen von Pilzen mit hesanderer Ruck
wickelungsgeschichte,” 1-103, pla. 1-24, 186y,

WDeBary, A, " Zur Kenntni
3903081 qoi-4y, pl 13, 183,

ﬁ i HD:B:ryE t:; v FnTh&;w:_#dePTnutlrogic

xomyceien, g, s 1 4 : §
d_r: Pil::f Hyrnnuﬂr: tinud l'l:ctt:ig.:“t;rdq.q '?:_Fu?::!:;];f::e“ﬁmﬁﬂm
aad Bialogy of the Fungi, Mycetozoa and Bacteria,” Oxiord, 188,

menophors jn
folds from its
Agaricus Rép
niwickelirmgage-
« 187 389305 a07-dog
orum ;- Abbildutigen  nnd
sicht anf Anntopie wnil Eag-

& einer Amuricinen Hop feit, 1y: 35388

der Pilze, Flechten und



vois] DEVELOPMENT OF AGARICUS RODMANT, 321

earfiest appearance, But as this interprétation was shown by Hoff-
man (1860, p, 402) to be wrong, deBary'™® (1866, p. 63 1884, p. 58,
312 1837, p. 55, 229} studied a number of other forms and agreed
with Hoffman that the earliest stage of the young palisade hymeno-
phore was level, or amooth.

10, Tie DirFerexTIaTON 0F Pauts ix s Privokomal Grousn
Trasce,

There are four principal parts of the fruit body which are dii-
ferentiated in the ground hssue of the basidlocarp primordium, the
hymenophore, pilens, stem and weil,  The primary differentiation in
the ground tissue of Agaricis rodmani is the origin of the hymeno-
phore primordium:.  As described above this arises as an internal
anmular zone of new growth, a little above the middle of the small
oval primordial basidiocarp. It cousists of numerous hyphal
branches which extend downward and obliguely outward, These
new hyphae are nearly or quite parallel, are at first slender and taper
very gradhimlly to the free end.  This form assists them in making
their way through the mesh of the ground tissue.  They are rich in
protoplasm, become compacted by increase in number and diameter,
and thus in sections, tuke on a deep color when stains ave applied
(see Figs. 3-16). The origin of this intermal hymenophore zone
differentiates at once the stem and pileus areas, or fundamenis; but
the orgmnizition of the sfemy and pilens occurs later,

In the early origin of the primordial hymenophore zone, Agaricus
rodmoni agrees with “garicus campestris'® as presented in & study
of the commercial varieties, (lasko and bohemia. In that paper 1
pointed our that we should not necessarily expect the first evidence
of differentiation to be the appearance of the hymenophore primor-
dium in plants not vet studied though it is probable that at leasc
some of the other species of Adgurirus (Psalliofa) may show the
same peculiarity. This suggestion is justified by the situation in
Agaricus rodmani.  The same situation extsts in Armillaria wrllea.*’

" Atkinson, Ges, B, % The Development of dgariona compesinis” Bot,

Universal Veil " in Agurices,” My, Centrall., 2, 1310 pls. =3, 1015
Goe, 4=: 24t-28y, pls. 712, 1006,

T Adkinzon, Geo. F., “The Development of drmilloris wmellea” Wye
Centratll, 4: 123-121, ple 1, 2, 1014
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In the specimens of Agaricus arvensis'* studied, the lagging behind
of the ground tissue below the zone where the hymenophore primor-
divm arises occurs before any differentiation of this rone is dis-
tinguishable, for a light area with a looser mesh occitrs in an an-
nulir zone which marks the distinction between the stem and pileus
areas.  Or the lagging behind of the ground tissue may occur smml-
taneously with the appearance of the primordial hymenophore zone
and the outline of the pileus aren. Tn 3 mumber of forms studied
by Fayod** the primordinm of the pileus is orgamized, in the apex
of the young homogeneous basidiocarp, as a new zane of growth, in
the formof an inverted bowl, shown by the darker staining of the
hyphae rich in protoplasm, forming a pileus producing layer
(*couche piléogéne™), This method of diferentiation he accepts
as a general law for the Agaricer, the anly exception admitted by
him being the coriaceous forms of Lentinus, Agaricus rodmani,
the commercial varicties of Agaricus compestris (eoluslia anid
alasks) and Stropharia ambigua (Peck) Zeller ™ alan form excep-
tions to this rule. The primordium of the pilets in these forms
may be regarded as diffuse within the upper part of the yvoung
basidiocarp, the differentiation and organization of the pileus mar-
gin beginning in conjunction with the organization of the primardial
hymenophore zone, though in Stropharia ambigue the inverted bowl-
shaped zone of new growth in the upper part of the pilous area is
soon organized ®™  Other forms recently investigated which con form
to the general law lnid down by Fayod, are certain species of
Hypholoma ( Allen) * Hypholom fascicularis and Clitocybe laceata
by Beer,” Lepiotass clypesluria sl Awmanitapsis vaginaga

W Asldineon, Geo, T, " The Development of dparicus artensis and A
eombulus” Am. Jowr. Buy,

1, =22, pla b, 2 ipeg " Homolouy of the
*Universal Veil * in Agaricus,” Mye. Centralh), 2, 1319 pls. 1-3, 1orq.

™ Fayod, Vi, * Prodrome d'une himaire naturelle des Amaricitibes™
Sci. Nat. Bov, VIL, g, 181411, pls. 6, 7, 1880, }

nZeller, & M., *“The Developmeny of Strapharia ambigea” Mycotogis,
B 1N0-1457 plae 1, 135, igrg

E Alleny Caroline L., ™ The Development uf
loma;" H.:::‘ ;';I’rr-. 4 387-304, pls. 37, 1006,

= s By Y Nofes i the Development oi ihe Carpophore in Sorie
Agarinzaces,” Aun. Ho, A5": 83680, pl. 32, 1o

28 Atkindon, Ges, F, " The Pevelapmen) of Leplata o are”™ A
Alye. ra, 346-336, pls. 13-16, 101e Fabesiars;

same Specicn of Mypho-
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Chrgunization of the FPilews.—The organization of the pileus be-
gins in connection with the primordial hymenophore one. The
uppier part of this zone is very probably to be regarded as the primor-
diuvm of the pileus margin which then increases by centrifugal
growth. It is nmarked from an early period by strong epinastic
growth, so the margin becomes strikingly involute, a feature also
churacteristic of Agaricus campesiris, A, arvensis® A, comtulus,
eic.. as L have earlier described.  The general relation of the hyphe
in the primordium of the pileus margin is a parallel one, and they
become more and more strongly incurved as a result of epinasty.
A3 the pileus primordium increases in width by marginal growth, it
dlso increases in thickness, more perceptilly so farther buck from
the margin where the new growth is older, In this way the organi-
zation of the pilets advamces more and more into the outer zone of
the ground tissue, the blematogen, and becomes consalidated with it =*

Organization of the Stem—The stem area is delimited at the
sasne time as the pileus area by the ongin of the young hymenophore
zone, but its organization and differentiation from the ground tissupe
seems to lag hehind the early stages of the organization of the pileus
nurgin,  While a general ami! more or less diffuse growth and ex-
pansion oceurs for some time in the stem area, the first evidence of o
differentiation from the ground tissue js seen in the organization
of the stem surface. The outline of the stem may be compared to
that of a broad, flat cone, since the stem at first is very short and

= Atkimson, Geo, Fi, * The Dovelopment of Amuanuopsis vogmara™ Jun,
Mye, 12, 30032, ple. 1710, 1014

= Atkinson, Geo, F, “The Development of Aguricus campestris” 8ot
Gaz. 431 241264, pls 7-12, 1006 [see figures i1 and 13),

= Atkinson; Geo, F, “The Development oi Aparicns arcensis and Al
comivlur™ dw. Jour, Bot, 1= 322, e 1, 2, m1a.

MWin Aporices campestcls var, edulis, Vittadin (“ Fur. Mang. ™ 44, pL
6, figr: v, 1839) in 4 young oval fruit body, figures and describes the outline
of the pileus within & stout volva, and states thay, during the course of
develspment, the volva 38 ruptured circularly, und the margin of the pileus:
as it emerges is held for @ time agaimst the stem by the lower hmb of the
smmuhie.  His secount of the relesse of the volva (Wlematogen) fram
the pileus docs not seem: elear. and his fogures do not show the transition
stage from a to b i figure 1 of his Plate VI Tn Agoricws rodmani nor i
any other species of Agaricus (Psolliota) have 1 over ween any mdication of

the clear cut outline of the pileus gurface as distinct from the blematagen,
such as Vittadini shows at o, fig. L
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hroad, and the surface slopes outward at a strong angle, The sur-
tace outline of the stem is quite clearly differentiated from the
loose growmd tissue forming the nurginal veil, because of the deeper
staining property of the stem shown in longitudinal sections (Fig.
32). lis differentiation and organization agrees entirely with that
described for Agaricus campestris® Agaricus wrvensis and A.
canttulus>

Organization of the Marginal Veil—The organization and limits.
of the marginal veil, or partial veil, as it i5 sometimes called, in
Agaricus arvensis, A. comtulus and A, campestris, hos been very
fully discussed in previous papers™ (13-13, 1914), briefly in an-
other™ (17,.1914). Tts organization and composition in Agaricus
rodutani is in the main similar, its different features being due to
its more robust charmcter, the stonter pilens and shorter stem,
The fundament of the margmal veil s ground tissue in the angle
between the primordial hymenophore zone and the stem fundament,
including on its outer surface a narrow section of the hlematogen
layer. The ground tissue in this angle is indicated in P {veil
primordium) in diagram 3, and the corresponding areas in Figs. 3
5+ 71 9-14 can readily be understood.  There js conziderable ineregae
in this ground tissue by growth of the portian clothing the stem
fundament. It is also added to by growth of ihe hyphae at the
margin of the pileus. The mass of the Joose inner surfsce fe often
crowded up against the edges of the gills by the mvolute targin of
the pileus pushing it upward, due to epinastic growth,

In such robust specimens usually presented by Agaricus rodmani
the blemmtogen layer is comparatively thick but =il forms 4 colm-
paratively small portion of the margingl veil, and fes on the outer
under surface of the lower limb of the annulus. By the incurving
of the thick margin of the pileus jte tdge s crowded into the thick
vell, and presses againgt the stem, this separating the veil, which
Iater becomes the antmlus, into o upper and lower liml,  As stated
above, the fact that the short stenr elongates hugy little in comparison

M Alkinaon, Ges, F., *“The
Grar, g3t 245264 lh, =92, 906

W Arkinson, Gooo ¥, * The Development o7 Ay
comiulus,” Am, Four, Bot, 1. 323 ply 1, » 1Ly,

2 Atkinson, Geo, ¥, “ Homelogy of ihe Univers
Afye Camtralh,, 5. 13-1g, pls. 1-13, 101y,

Developmient of Auaricus campesiris? Bot.
arichs uroensls and A,

al Vel in dgaricss,
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with that of Agaricus campesiris, arrensis, and a number of other
species, the veil is nsually not ripped ap from the lower part of the
stem as it is in the other specics. A thin layer on the stem below
the annulus is often eracked into distinct areas or patches, the mar-
gms of the areas sometimes being partially exfoliated. The partial
extoliation of the under part of the lower limb of the annulus fre-
quently occurs, and then the lower limb itself has a double edge as
describied above, and as shown in several of the figures of Plate 1.
In Aguricus campesiris, arvensis, augusius, subrufescens, Plaep-
myces, and others, the freeing of the lower part of the annulus
from the stem is very extensive, since as the stem elongates the
veil is ripped off for a considerable distance. In Agaricies rodmani,
as the pileus expands, the lower limb of the veil clings to the stem,
splitting off from the outer surface of the pileus margin as the latter
i3 withdrawn. The inmer or upper limb of the veil remains at-
tached to the edge of the pileus margin for a longer time, but is
eventually separated,

IV. Owraiy axp Deverormest or tRE Lauveirs,

Origin of the Gill Salients—The development of the hymeno-
phore is progressive and centrifugal. As described in the previous
section, the primordial hymenophore zone originates in conjuniction
with the primordium of the pileus margin snid lies in the angle sep-
arating the stem and pileus arens. The organization of the level
palisade zone of the hymenopliore from the primordial stage, begins
in the older region, 4. 2, next the stem, The margin of the pilevs,
primordial hymenophore and palisade zone all progress by growth
i & centrifugal direction, the younger, later slages succeeding the
carlier. The lamelle succesd the lovel palisade sone and arise as
downward growing salients of the same. These salients begin
next the stem (or in some cases on it). They are regularly spaced
and progress in a radial, centrifugal direction, The origin of the
salients from the level palisade stage is well shown in Figs. 17-21.

In Figs, 18 and 20, different stages in the origin of the salients
are shown. Three gill salients are seen in Fig. 200 At the left
side of Fig. 20 is the level palisade. Next it ta the right is a very
low salient. Continuing to read toward the right, the second and
thivd salients are successively stronger. While the hyphal strue-
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ture 3s not very distinetly shown in in this figure, due to the difficulty
of illummation which will produce on the photographic plate the
same degrez of resoliwion which can be detected by the eye, still
the palisade character is evident. A similar situation is seen in
Fig: 18, but the progression in the origin and growth of the salients
is to be read from right to left. A somewhat later stage is shown
in Fig. 19. Here the hyphal structure is well shown. The palisade
character of the exposed surface of the hymenophore is very clearly
shown. This figure gives us some suggestion of the faciors aperat-
ing in the formatipn of the gill suliests. The elements of the pali-
sade layer increase by interstitial growth, 1. «, by new branches
which crowd in between the older ones. At the same time the elon-
gate cells compasing the palisade laver incrense in diameter. I
the primordial stage they passed from the terete tapering condition
to the cylindrical form. Now they pass from the eylindrical to
the clavate form, as well as mcreazing somewhat in diameter
throughout, This produces a great pressure on the level palisade
zone, which if continued, must result in throwing the level palizade
layer into folds.

Another factor now comes into play which prevents the patisade
layer From being thrown into a series of irregular folds. This is the
downward growth, by elongation, of the subadjacent tramal hyphie,
along regularly spaced rudial areas, beghming next the stem and
proceeding i 2 centrifugal direction toward the margin of the
piletis. These radial areas of subadjuacent ramal Iyphe, elongating
downwards, push the palisade aren downwird inty carresponding
radial salients, These salients are the first evidence of folds or
ridges which appear in the young hymenophore. They are fhe
gill salients, and by cotitinued growth form the lamelle themselves.

Fig. 19 presents another very interesting situation, This is the
fRaring, or fantailing, of the gill salients very soon after their emer-
genee below the level of the gerieral palisade surface.  This is very
clearly one of the first results of the release from the pressure to
which the elongate cells were subject in the level palisade condition)
Another still more interesting feature ot this stage is ke presstre
to which Ll:u: nr:mr?t portion of the leyel palisade is subjected as 2
result of this fantailing of the gill origins, The flanks of the young
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gill salients thus crowd against the intervening neutral palisade cells,
more strongly against their free ends. This presses these intervening,
neutral, radiating areas of the original level palisade into the form of
ridges which thus alternate with the radiating gill salients. These in-
tervening ridges between the young gill salients are very conspicuaus
in & corresponding stage of gill development in Coprinus micacens as
I have shown in another paper. This situation is a comparatively
old stage in the development of the lamelle and is one.of the peculiar
features presented by a number of the Agaricaces, which leidl Levine®
to mistake these inlervening ridoes between comparatively old gill
salients for the first ridges to appear in the hymenophore primordium
of Coprinus micaceus. These ridges he thought were the first evi-
denceof thegills.  The gills were described as arising from the split-
ting of these first ridges and the union of approximate halves of ad-
jacent ridges to form the gills between them. This matter will be
referred to below when another peculiar situation is described which
also assisted in leading thiz author astray.

Relation of the Different Phases of Hymenophore Development
in the Young Basidiocarp—Figs. 17-23 represent different phases
of the organization and development of the hymenophore in a single
basidiocarp, during an intermediate stage of its development. The
relation of these different phases is determined by a study of longi-
tudinal serial sections passing from near the stem to the margin of
the pileus, With the exception of Fig. 20, Figs. 17-23 are all from
the same plant, selected to represent the relation of different phases
of the young hymenophore. The sections from which the photo-
graphs were taken were parallel with the axis of the stem, and thus
were nearly or quite perpendicular to the hymenophore, or under
surface of the pileus. The general plane of the hymenophore, or
under surface of the pileus, is elightly arched, but for all practical
purposes of this study, the plane is perpendicular to the stem axis,
s0 that the sections are perpendicular to the general hymenophore
surface, or plane. Fig. 17 is from a section near the stem, cor-
responding to line 4 in diagram 6 (diagram 6 is intended to illustrate
the situation presented by the figures in Plate 5, but serves to illus-

* Levine, M., “The Origin and Development of the Lamelbe in Cop-
rittacs saicacein,” Ane. Jowr, Bol., 5, 345-356. pls. 30, 40, 1014,
FROC. AMER. PHIL. 30C., L1V, 210, ¥V, FRINTED SEPT, T, 10135,
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trate also the relations now under consideration). An examimation
of the relation of line 4, in diagram 6, to the gill salients, the palisade
and primordial areas, will assist in making the relation of the phases
of the hymenophore presented in Fig. 17 very clear,

In the middle of the figure, or section, the gill salients are eut
transversely. On either side of the middle they are cut obliguely,
the more so the nearer the palisade area the salients are ent. But
when the gill is so young, the structure of an oblique section at this
angle is practically the same as in a transection..  Since the hymeno-
phore is older next the stem, and progressively younger toward the
margin of the pileus; the gill salients are older nest the stem, and
younger next the palisade area, where they are very low and grade
off insensibly into the level palisade zone, Toward the left and right
irom the middle of such a section as is represented by Fig. 17, the
salients become less and less prominent until they grade insensibly
into the level palisade zone on either side. In like manner the
palisade zone grades to the left and right into the primerdial zone,
and this into the margin of the pileus, showing practically the same
relation, so far as the palisade and primordial zones are concerned, as
in a radial section.

Fig, 21 is from a section made near the outer ends of the middle
salients, about in the region represented by line 7 in diagram 6.
Only a few salients are shown, these are very low, and on tither side
soon grade insensibly into the palisade zone, Fig. 22 35 from a
section made in the region indicated by line 8 in diagram 6, Here
there are no gill salients (nor any evidence of ridges in the hymena-
phore), & broad area in the middle is the palisade area, and this
gralles on rither side insensibly into the primaridal zirea. Fig.
from & section made in the region indicated by line ¢ in diagram 6.
It is entirely within the priinordial zone, near the margin of the
pilens.  Knowing this relation of the different phases of the hymenao-
phore, one can observe the transition of the primordial phasze into the
level paﬁﬁadt phase, and this into the phase of the salients. In
other words, ane can study the method of origin of the lamelle by a
a_tu:’:y of the ﬂnm.-'rrm phases of the gill salients in the area of trinsi-
tion from the patisade zone into the zone of the young gills.

23 is
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Relation of the Hymenophore to the Stem—One of the taxo-
nomic characters emploved for the genus Agaricas (Psalliota) is the
free condition of the gills from the stem. In Agaricus campestris,
while the gills are usually free, they are close to the stem, and in
some cases are even adnexed to the stem, The same is true of
Agaricus rodmani. Peck®™ says of the lamellie—* free, reaching
nearly or quite to the stem. It is possible that in some examples
the gills may be broadly attached to the stem fundament at the time
of their origin, but lecome free at maturity by changes in the relation
and tensions of the parts during expansion of the plant, That the
young lamelle are sometimes broadly attached around the upper end
0f the stem fundament has been observed in & number of examples
during this study of development. Tn some examples the attach-
ment of the stem is very broad, in others stight, and in still others
the lamellz are free from the time of their arigm,

Deceptive Appearance of Sections near the Stesi wwhen the Young
Lamellw are Attached —In gtudying the origin of the lamelle in
plants where the hymenophore, from its earliest APPLArANCe, 15, en-
tirely free from the stem, little difficulty is experienced in the in-
terpretation of the situation presented, in case there is a fairly well
formed annular eavity prior to the origin of the gill salients.
Longitudinal sections next the stem then present the simple situation
shown in Fig. 17. Bur in those cases where the hymenophore
primordium extends dowtiward on the outer furince of the stem
apex, as shown in Figs, 11 and 12, sections passing from the stem
through this portion of the hymenophore, after the origin of the gill
salients, presemt a complicated structure, which may be very con-
fusing unless all the features of the situation are taken into con-
sideration.  As stated above the stem axis of the sections from which
Figs. 11 and 12 were made is parallel with the longitudinal direction
of the plate. In very young basidiocarps, as already described. the
stem surface slopes outward at n very strong angle as shown in
Fig. 32.

Now, when the gill salienis begin to form by downward, or out-
ward, extension of the level palisade, in those cases where the
hymenophore primordium extends down on the surface of the steni,

2 Peck, C. H, N. Y Srate Mus, Nat, Hist Rept.. 36, 45, 1884
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the salients first appear over this portion of the hvmenophore, be-
cause it is the older. The older portion of the salients, therefore,
extend outward perpendicular to the stem surface. Since their pro-
gression is centrifugal, the salients gradually extend over the angle
between stem and pileus where their growth is downward. Since
the growth in width of the salients is perpendicular to the surfnce of
the level hymenophore at any point, there are formed, in the cased

N

5
Dracgax 3, Lateral view through one half of o basidiedam in an in-
termedinte stage of ‘developmend, showing (1) the sirongly. sloping durfnce
of the stem; (2) the partly organized pileus margin which is becommyg in
volute becanie of eipnastic growth: {3} the hymenopliore presenting three
stages of development, (2) the oldest portion, the gill ares extending on the
under side of the pileus and far down on the surface of the stom (alnnte at
this stage). (V) the palishile area (PALY didrg) 1o the gillarea on under side
of pilens, and (c) the primaedial area (PR) near margin of pileuss (4) une
nulaf cavity: (5) the loose ground tiseue of the marging] veil - and (6) th
Blemmtogen layer, See text. ' g

under consideration, & serics of little stalls, ar pigeon hioles, around
the stem apex, between the young gills in the angle between the stem
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and pileus. This situation i=s Hlustrated in Figs. 24-31, from selected
seridl sections of the same basidiocarp.  The sections were parallel
with the long axis of the stem. Diagrams 5 and 6 illustrate the
situation in this basidiocarp and show exactly how the scetions were
made.

Fig. 24 is from a nearly medidn longitudinal section, made in
the region mdicated by line 1 of diagrams 3 and 6, which presents a
situation practically the same as a median section. The outiine of
the narrow young gill salient is well shown in Fig. 24, with the
distinct annular cavity, The gill salients are strongly curved and in
the form of crescents, the lower limb of the rrescent extending far
down on the outwardly sloping stem suriace ; the upper limb reach-
ing ot on the under surface of the pilens; where it grades into the
level palisude zone, and the latter ito the primordial zone, The
relation of parts is clearly represented by diagram 3. It s quite casy
tor form a mental picture of the series of little stalls, or pigeon holes,
around the upper part of the stem between these crescentié salients.

Fig. 25 is from a section in the region indicated by line 2 of
diagrams 3 and 6. The line 2 in diagram 6 shows how the section
passes through the side of the stem and obliquely seross a few of the
young gills, then on either side passing through the leve! palisade
anid primordial zones. These features are clearly seen in Fig. 25.
Fig. 26 is from the region indicated by line 3: Fig. 27 that of line 4:
Fig. 28 that of line 5; Fig. 20 that of line 6; and Fig. 30 that of
line 7, of diagrams 3 and 6 (figures of séctions in the region indi-
cated by lines 8 and ¢ are not shown from this basidiocarp, but there
is nothing essentially different in them from figures 22 and 23 from
another plant), Fig, 31 is a more highly magnified view of the
middle portion of Fig. 27.

Figs. 26-29 and 31 present o very interesting situation. They
show transections of the stalls, or pigeon holes, mentioned above.
Unless eantion i5 observed this situation wonld be very misleading.
The gill salients are attached above to the under side of the pileus:
and below to the surface of the stem, and this attachment above and
below existed from the time of the origin of the salients.  However,
the attachment below is not that of the margin of the gills, but of
their origin from the stem, since the salients grew onfwaril from the
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level palisade organized in this region over the upper surface of the
sem.

Similar sections of Coprinus micaceus™ through the region of
the attached gills was one of the features contributing to the in-
correct interpretation, by Leving, of the origin of the lamelle in this
plant, as shown by his Figs. 13 and 13. The palisade cells on the
sides and in the upper angle of these pigesn holes coutd ety give
the impression that the gills had their origin from isolated radial
areas of new growth of palisade cells, these areas, or ridges ™ of
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Diacease & Zenith view in & basidiocarp of

the same age as thit Tepre-
sented n disgram = See text for details o

not marked in the dingrom
palisade cells parting as they increase, forming a lining over the
ground tissue or partitions of these little stalls, and thus enclosing
“the notch between the gills”

Relation of the Gills to the Involuie Margin of the Pilews—
There are other peculiar situations presented in the development of

& Levine, M., “The Ongin and Diavelopment

of Coprinuse micacens”
Am. Joue: Bol, 8, 343-3%, pls. 124, 125 0y v
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Agaricns vodmani (and other species) which may lead to serious
misinterpretation unless great caution is observed.  This is the rela-
“tion of the gills to the involute margin of the pileus and to the
marginal veil, shown in‘a series of longitudinal, * tangential " see-
tions of basidiocarps at an ase when the gill salients, by centrifugal
progression, have nearly or quite reached the margin of the pilens,
The various features of this situation are presented in Figs. 3242,
The figures are pholosraphs of selected serin] sections from a single
basidiocarp. Diagrams 7 and 8 illustrate the situation in this basi-
diocarp and the lines show the regions in which the sections were
made,

In Fig. 32, from a nearly median longitudinal section (in the
region of line 1), the involute margin of the pileus is shown.  Anin-
definite portion of the outer, lighter stamed area is the hlematogen.
The margin of the pileus is so strongly involute that the edge i=
curved apward toward the gills and has crowded the mass of the
ground tissne constituting the inner portion of the vell up against
the middle zome of the lamelle. The attachment of thie ground
tissue to the margin of the gills is not very firm, though there is some
adherence of the hyphe. The attachment has occurred after the
ground tissue was crowded against the margins of the gills by the
strongly upturned; involute pilens margin, The strongly involute
margin of the pileus is well shown also in several of the figures in
Plate VII. The position of the upturmed edge of the involite pileus
margin is such that the loose ground tissue of the inner portion of
the veil is lifted up against the middle area of the lamelle, while
the edges of the gills near the stem and also near the margin of the
pileus are free. This is very clearly shown in Fig. 33, from a
section in the region of line 2 in diagrams 7 and 8.

Figs. 34 and 35 are from sections in the region of lines 3 and 4
just passing through the surface of the stem in the angle at the june-
tion of the pileus and stem.  The hymenophare extends a short dis-
tance down on the upper surface of the stem, but the gills are only
“adnexed," not extending so far down on the stemt fundament as
in the basidiocarp represented on Plate X11, and in diagrams 3 and 6.
In the middle area of Fig. 35, the nearly solid block of tissue in the
same level with the gills on either side, is hymenophore tissue from
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the surface of the stem, and a portion of the same ares in Fig. 34
also belongs to the hymenophore. The hymenophore, as interpreted
here, and in all of my recent papers, includes not only 41l parts of the
lamelle and the palisade cells between adjacent lamelle, but also a
thin, often indefinite zone of the subadjacent tissue corresponding to
the subhymenial tissue of the palisade between the gill origins. As
figure 35 shows, the “stalls”” or “pigeon holes," in the angle of
pilens and stem are guite small because the gill origins extend but
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Dizgeam 7. Lsteral view through ane fulf of 5 liesidiocarp 0 sn older
stage than that represented in dingrams 5 und 6, The hysmiphsre has all
passed over into the gill stage. The gl area does not extend so far Uown
ou the stem u4 o disgram 5 The margin of the pilens i more attangly in-
volute and the veil tizsie bas lomn crowded #pr againet the middle pnrtif;n of

the gilla, C = the portion of the anmlar cuvity mot filled. Sec text for
ather details not marked here

a short distance down on the upper surface of the stem,  The abrupt
ending of this hymenophore tissue below is even with the margins
of the gills on either side, and the lower edge is free from the grotnd
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tisste clothing the stem fundament; as shown by the clear line
between the two. This indicates that the portion of the hymeno-
phore on the upper surface of the stem projected by growth slightly
above the level of the stem suriace, or above that of the ground
tissue. In Fig: 34 the distinct boundary line of the more compact
tissue shows, but it is in contact with the ground issue below since
this section did not pass outside of the junction of stem and pileus
fundaments. In Fig. 35 a few of the gills on either side of the
middle are free from the ground tissue below. Outside of this on
¢ither side (the middle zone between stem and pileus margin)
number of the gills are attached to the ground tissue pressed up
agamst them by the involute pilens margin.  On either side of these
arcas, f, ¢, near the margin of the pileus, the gills are free.

Fig. 36 is from a section in the region indicated by line 5 in
diagram 7. The middle of the section, according to line 5, would
pass through the space of the anmular cavity near the stem which
has not been filled by the upward crowding of the gronnd tissue.
The margin of the glls here should therefore be free from the
grimndl tissue below., This'is shown 1o be the case in Fig. 36, for
the gille aver the middle portion of the figure (which are near the
stem), Omn cither side of this area, however, the section passes
through the zone where the grownd tissue is crowded up against the
gills, while toward the margin of the pilens the gills are again free
from the ground tissue.

Figs. 37 and 38 are from sections in the region of lines 6 and 7
respectively, of diagram 7. Both sections sre thns “tangents”
through the region where the ground tissue in contact with the
middle zone of the gills would be continuous and of considerable
‘extent, but the area in the region of line 6 would be of greater extent
than that in the region of line 7. This corresponds with the situa-
tion shown in Figs. 37 and 38, while toward the margin of the pileus
on either side the gills are free.  Figs. 30 and 4o are from the region
of lines 8 and 9. These pass through the portion ef the annular
cavity between the margin of the pileus and the ground tissue
crowded up against the middle region of the hymenophore. The
gills therefore would not be in contact with the ground tissue below.
In Figs. 30 and 4o, however, it is clear that on either side the gills
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are attached below as well as above. The sttachment below is not
the margin of these gills, but their point of origin from the inmer
surface of the involute pileus margin, This will be clearly under-
stood from a study of Figs. 41 and 42.
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Draman. & Zenith view fnto & basidiocarp of the some age  See texi
for detsils not marked '

Figs. 41 and 42 are from sections in the region of lines to and
11 in diagrams 7 and 8. The gills are attached above and below.
But it i= very clear here that the attachment below, as well as above,
i5 to the pileus. Since the gills are downward growths of the level
palisade; formed on the under surface of the pilens (i. ¢, perpen-
dicular to the level palisade), the attachment below in these figures,
as well as that above, is at the point of origin of the gills, and must
not be interpeted as an attachment of the gill margin to the stem.

The First Ridges, or Salients, of the Hymenephore are the Fun-
desents of the Lawielle Themselves—The question of the origin
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of the lamelle is of renewedl interest since it has recently been
atated that ane of the problems vet o he warked out in the Agarica-
cee is the origin of the lamelle.* The evidence presented i sup-
port of this sweeping, and rather surprising statement, is made, so
far as we can judge, on the basis of an investigation of Coprimus
micacens. It carries with it the implied charge that all of the ob-
servations and statements in regard to the origin of the gills, cov-
ering 4 period of more than half 4 century, are incorrect. In the
case of my own work on Agaricus campestris,® Armillaria mellea,™
Lepiata clyprolaria,” Agaricus arvensis™ and A. cominius it can be
most positively reaffirmed that the lameller originate as deseribed, a2
downward, radial growths of the level palisade portion of the hymien-
ophare. The evidence was so clear in these examples that at the
time of the study it did not seem desirable to present full series of
“tangential " sections of the different stages in the origin of the gills,
particularly as the method of origin agreed in all respects with that
described in mmaore than a dozen different species in earlier works,
The present study of Agaricns rodmani was undertaken, not only
for the purpose of examining into the significance of the double ans
nulus, but also for the purpose oi examining the different stages in
the organization of the hymenophore primardium, the level palisade
stage, anil the origin of the glls, In a species closely related to
Agaricus campestris. It is very clear that the present study has
fully confirmed the earlier statements with reference to the origin
of the lamelle.  Material has also been grown, and the younyg stages
obtained for sectioning in the following commercial forms of
Agaricus: A. compestris varieties bolemia and alogkye, and 4. *pil-
laticus.”

M Levine, M, “The Origin and Development of the Lamelle in Cop-
rimiy nicocens,” Am. Sowr, Bol, 1, 343-326, ple a0, 40, 101y

 Akinson,  Geo. B, The Development of Aparicus compesieis”  Bol
Gas, 43, 241204, ple 712, 1906

30 Akinsi, Geo, B, " The Devtlopmumt of Armiflaric méllea,” Myc.
Centralb., 4, 115221, ple ¢, 2, 14

8 Atkinsan, Gea, K, “The Development of Lepiote elypeoforis” Anp.
Mye., 22, 346336, ple. 13-16, 1014

W Atkmaon, Geo, F., “The Development of Agariens arvensis and A.
comiulig,” Awe. fowr, Boi, 3, 3-22. ple 1, 2 1013 " Homology of the
Universal Vell in Agancws,” Mye. Controll, s, 13100 ple 1-3; 1014,
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The situation in certain species of Coprinns, where the margins
of the gills are attached to the stem before maturity, and break
awny during the expansion of the plants, has for 4 long time inter-
ested me, and 1 have intended to investigate certain of the species
for the purpose of comparing the. situation in this genus with that
eseribed in Amanifn ruliescens™ by deBary, A. muscaric*® by Bre-
feld and in Amanitopsis vagimata®™ by myself, where there is no
general prelamellar cavity, and the first evidence of the lamelle is
the differentiation of a series of radial trabecule in the hymeno-
phore primordium, continuous with the stem and trama of the pilens,
This investigation was delayed, however, mntil the autumn of 1914
Material of three species, Coprinns comatus, atramenterius and
micacens, was studied, and the results will be published jn another
paper. This mmch may he said here, that these three species do not
belong to the Amanita type but to the dgaricus type. There is a
strong, annular, prelumellar cavity in Coprinus comatng; 3 weak one
m C. atramentaring and micacous, but in all three the lamellie orig-
inate as downwaril-growing salients of a level palistide zone, exactly
as described here for Agarfews rodmoni, the only diiference br,in'g
i those specific features relating to the structure af the Tamelle,
Levine based his interpretation of the orpin of the lamelle in
Coprinus micacens on complicated and rather well advanced stages
of their development. Had the origin oi these complicated m..-_-..
tures bieen sought itis probable that the origin of the lamelle would
bave been found

Of the plants thus far studied the following species nigy be
mentioned as examples of the Agaricus type in which the otigin of
the lgmellm haa.hem clearly and corréctly descrilied, those by Hofi-
mann more than half a century ago. Ayarices carneotomentosus
(Panuz torulosus) by Hoffmann'® (1836, D 145); Cositharalhes

8 1e Bary, A, * Morpholuogie uni yaln "
ernrnrﬂtm." Leipzig, :pﬂt.'ﬁ i Vcr;le?::::n:!:m;g‘:;;“lu:;? i:r:ﬁ;am l::'d
der, Pilee, Mvcotozorn unil Pacterion” 1By Y Coipitrative quplmham nl;
Ein:l.l:::lnl;I afl lhlf. I-'uuxi‘.. Hyr:r.t:m ar::l Hagreria™ Oixford, 188;. i
Rmi;mmm::“ LAY e .,a';“f:i'fi'f’f‘éﬁ}‘.”" Rin Sl RET S

tkasnn, G g ¢ " Eaacid
0 PRl BT H '
il 5 :‘;:_“IH':S: Iﬂ“l:;l P:IETT:;; fd Spermatien von Agaricus® Bot,

sugrimata,” Anw.



prsd DEVELOPMENT OF AGARICUS RODMANT. 339

tubaeformis, C. surantioens, Panus stipticus, Pleurotus tremulus,
Omphilic wmbellifera, 0. pyxidata, Marasmiug epiphylius by Hoff-
mann®® (1860) ; Collybia velutipes, C. fusipes, Hygrophorus chioro-
phanns, Galera mycenopsis, Heboloma mesophaens, Coprinug fimi-.
tarius, Paxillus inpvolutus, Entoloma sericeim, and others by Hofi-
mann** (1861) ; Mycena sulgaris, Collybia dryophils, Nyetalis parn-
sitica, Clitocybe cyathiformis, and Cantharellus infundibulifornis
by deBary*s (1866, 1884 1887) the latter two in conjunction with
Waoranin; Coprinus lagopus by Brefeld (3877, p. 127) : dgaricus
campestris by Atkinson® (1906); Hypholoma by Miss Allen**
(1006) and by Beer®™ (1g11); Stropharia ambiqua™ by Zeller
(1914) ; Agoaricus arvensis and comtulus® and Armillaria mellea™
by Atkinsan (1914).
Susarany.

1. The lower limb of the double annulus of Agaricus rodmani
is not a true volva like that of the Amuanitas thus far studied. It is
composeld of a-short segment of the BMlematogen plus some of the
inner tissue of the nmrgiml véil. The grester portion of the hlema-
togen remmains “ concrete ™ with or consolidated with the surface of

1 Beitrige mor Entwickelungsgeschichite und Amatomie der Agaricinen,”
Bt Zeit,, 18 580-305 1 074, pha 13, 14, 1860

# Heffnuann, H, "lcones Ansbytice Fungorum; Abbildungen und Be-
screibimigen von Plileen it besonderer Rucksicht ani Anatomie und Eni-
wickelingreeschichie, 1-105, pls =24, 1¥61.

& DeBary, A, “Morphologie and  Physiologie der Pilze, Flechtom nnd
Mycetoroen,” Leipeig, 1866, Y Vergléichende Muorphologie wnd Biologie dlor
Pilze, Mycetorten ppl Bacterlen” B2y ¥ Compoarative Mocphology und
Biolsgy of the Fungi, Mycetezoa and Bacteria,” Oxford, 1837

“ Brefeld, €, Bomanische Uniersuchungen dber Schimmelpilee” 30
Basiliomyeeten, 1, LAV, =236 pls 613, 1857,

1 Atkineon, Gea. F, “The Development of Aparicus camperteis Fol,
Gz, 4ot 20126y, pla =12 1006

“ Allen, Caroline Lo " The Development of Some Species of Hypho-
fomo," Aww. My, a0 =304, pla, 3-7, 1005

a4 Heer, R, “Notes oo the Development of the Carpophore in Some
Agnricacent Apn, Bul, ae7; 683684 pl. z2 1911,

B Zeller, 5. M. = The Development of Strophoria amibigra,” Alycologa,
67 130-143, M8, 724, 925, 014

" Atkinson, Geo. F, “The Development of Agarices arvensis md A
eonfedun,” Am, Jper. Hop, 10 g-29, pls. 1, 2 1004,

3 Abkingrn, Gedl F "The Development of Armillieein wiellea”' Mye,
Centrall,, a: 113121, pla 1, 2 10104,
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the pileus, while in dmanita the blematogen is finally delimited from
the surface of the pileus by a cleavage laver. A double anmulus
homologous with that of Agaricus rodmani is ofter” present in cer-
tain other species of Agaricus.

2. The primordiuvm of the hasidiocarp is oval in form, and homo-
geneous in structure, consisting of intricately interwoven hyphe,

3. The four primary parts of the basidiocarp, pileus, stem, mar-
ginal veil and hymenophore, are first differentinted by the origin of
the hymenophore fundament.

4. The hymenophore primordium prises as an internal, annular
zone of new growth toward the upper part of the young hasidiocarp.
It consists of slender hyphee rich in protoplasm, parallel, and di-
rected obliquely downward. The lower outer surface is at first
more or less open and uneven, presenting a frayed or fimbriate ap-
pearance. By cantinued growth and multiplication of these hyphse
the hymenophore primordium becomes more compact and the wnder
surface becomes even, forming a level palisade zone. Growth of
the hymenaphore proceeds in a centrifugal direction, the older por=
tions being next the stem fundament. By the epinastic growth of
the pilens murgin the hymenophore tikes on the form of an annular
arch.

5. The increase in number and dismeter of the elements of the
hymenophore fundament produce a rension upon the ground tissue
beneath, which lags behind in growth and is torn away from the
under surface of the hymenophore, thus forming an anmular, pre-
tamellar cavity. This cavity may later be nearly filled by the grotmd
tissue of the inner portion of the veil which increases in bulk, and
is often crowded up against the young gills by the involite margin
of the pileus,

6. The lamelbe originate as downward growing radial salients
of the level palisade zone, beginning next, or on the stem), '
as the hymenophore primordium is frée from or extends down on
the upper porfion of the stem fundament. They progress in a cen-
trifugal direction. In an intermediate stage of development or the
basidiocarp, nll T.hl_'ct: stages of the hymenophore may be present,
the zone of gill salients next the stem, then the level pulisade zone
and beyond this the primordial zone, '

according
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7. The firet ridges, or salients, which appear in connection with
the hymenophore are the fundaments of the lamelle themselves,
and the palisade layer is continuous over their edges as well as in
the notch hetween adjacent salients.

DESCRIFTION OF PLATES VIL-XIIL

FLATE VII,

Mature snd nearly mature plants of Agaricws rodmani showing the
doyuble nuture of the annulis with i edge grooved: forming an upper and
Iower limb: the shart stem, Involute murgin of the pileus. ete X 273 dizsm—
eter;  For details see text

PLATE VIIL

Matire and very robast plants from parking between sidewalk anid strest.
Real size. See texy,

PLATES IX-XIIL

The magnificutions of the photomicrographs wre as follows: Figa 3-8;
3 g diameters,  Fig. 33:; > 10 diametera. Figs. 1, &; 3 1z diameters. Fig
32; ¥ 13 diametere.  Figh 34-36; % 20 diameters.  Fig. 17; X 23 diameters.
Fige 15, 16; 338 diamoters. Figs. 21-30, 37-42; X 30 diameters Fig, 3i;
oo dinmeters Fig, 12; @ 1o diameters  Fig. 13; X 155 didmeters
Figs. 10, 112 % 160 dinmeters Fig t8: ¥ 170 diameters.  Figs: 0-14) X 225
diemeters. Jigs v, 307 <250 dismerers.

PIATE IX

Fit 't (No, iB) Young stage of hisidiocarp primordium.

Fig 2. (Mo, 2a) Somewhat older stage of basidiosarp primordism,
bt gl jn the undifferentinted siagre.

Fic. 3 (No23) Eadiest stage of differestiition in the young
hasidiveary, median loagitunial section showing & transection of the latertal
aenilar’ bymenophore fundiment, the general prelamellar cavity not vet
formed. Pileus fundament is shove, stem fondament belpw, and yoil fune
‘dament underneath the hymenophore primordiem (see Fig: a),

Fig 4 (No. #70) Longitudinal section of the same basidiocarp,
* tangenttal " to the bymenophore primordivm, wiich la shown as a trans-
‘werse deeply wiakning arca,

Fro, 5. (No 28¢) Maodian fongitodinal -section through =  busidio-
cearp Just after the formation of the general, ammular, prefamiedlar avity:
The hymenophare s il in the primordial condition (see Fig. 10) but does
not extond down op the surface of the upper part of the siem Fundament.

Fin 6. (No ®H) Longitodinal section’ of the same hasullocarp,
¥ tangential * 10 the hymenophore and aywnlar eavity (sce Figs 13). _

Freo 7 (No, 34 Median longiiudinal section of = lasidipcarp
just after the formation of the geseral, annular, prelamellar cavity, The
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hymienophore. i still entirely in the primordial smage (see Figo 1) and ex-
tends for a considerable disiance down on the sarfnce of the Hpper part of the
stem fimiament.

Fo, 8  (No. 1) Tongitudingl section of the same basidiocarp,
"tangential™ to the bymenophore and annulic cavity (see Fig 163,

PLATE X

Fro g (No. %) More highly magnified view of the bransection of
the hymenophare primordinm. shown in Fig. 3; stem axis 2t the leir, In
the darker sres (hymenophore primordinm) the Byplme extend downwarsd
and cliliguely outward towand, and some projecting nto, the veil fundament
below, which coltsiste of u loase mesh of interwoven trplise

Fio 10 (No. 23.) Mere highly magnificd view of the transeciion
of the hymenophore primardium and snnujar cavity shown:in Fig, & (axis of
stem at the left).

Fio. 10 (Ne 230 Mure highly magnified view of the mransecton of
the hymenophore primordium and onmilar cavity shown in Fig. 7 (stem axis
8t right). The bymunophore primordinm extends down over the upper par
of the atem duter surface. Vel fmidament in the sngle belaw, the grouml
tissue: tearing spart and separting from the Ambriaie under surfice of the
hymennpliore

Fie 1= (No. %) Transection of hyménophote and anmilar cavity;

same view as Fie 1t (dom axis gt right) but fn aoothes hasiilio-
carp and slightly elier stage: he portion of (he hymenophire primordiom
on. the opper pure of the stem fondument s '
leve| polisade stage.

Fos o3 and te (No. 238) Section af suither Yanidioearp  showing
the hyinenophore amd annylar aavity in same smpe 35 in Fig. 10, ot differens
magnifications [Mem uxis at right), Hymeophare primardinm with fig-
briate edge.  Ground tissue Yelow {veil fundament ) breaking away from e
fimhriste anrface of the hymenophore as o result Bf the tensian produced hy
the rapid increase in numlir and size of the elements of the hymenaphare and
the layging bebind of the ground tisie below, thus forming the anmular
cavity, These sections are radial and parallel with tie direction of the later
lamolle. . The elements of the hymenophore herd are somewhat clistered, thie
slendlor enils of the hyphe clinging in Broups &

: the lower surface of th
hyménaphore 1s loosened by the tension of the increase ahove iy

- Fmoxs ((Noo 3D “Tangemtial® section of the: hymenophore
primardium, more highly magnified view of the bymemophore and general,
l“ﬂ“h"_- prelamellar cavity shown in Fig. 6. Note the Bmliriute lower sur-
face of the hymenaphare primoriinm, and the louse ground 1iaays { primot-
dinmt of vell) below sepurating from §1 and forming thie anmlar eavity.
The structure of the hymenophare primordium s homogeneous, there is ot
it elightest evidence of gill' wmbients, or of ridiges of any sart, whicl pres
cede or have any relation i the lamele which are 1o ariee lates,

Fic. 16, (No, 320} “Tangential* section of hymenophare primar-
dinm, gnnular cavity and veil fondument, & mare highly magnified view of
this pirt of the Lusidiocarp shown in Fig. & Details a4 i Fig. 15 :

bistome transformed inte the
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PLATE XI.

Pus 13-19 anil 2i-23, all from o single Laxiiliocarp (Mo, 8, from selocbed
gartial sectioes parnliel with the sxin OF the stem onid ™ tangential ® in the pilees,
T, w7 0n Trom nesir the stem, snd-shows the thee gages of the developing
hymenophore, prmorndial mine, level malisile sone. ant the some of gl sa-
fienty (transeied ) whih different stages in the orfgin of the Litter fruin the
level milisade condiifim (see '1 for deisill. The gehernl aniular cavity
it well - shiowit

Fue i More lighly magnified wview of pomion: of e sme ssction
in the region of the origin of the gill salients from the level palisade stape

Fur g, More highly magnified vivw of the young gill salivuta, shiwing
how hey Hare or faniall, when eelessed from the pressure to which the
clements are mbjectesd in the fevel palisade rone, nleo showmg bow this
flarimg of the young gl salients crowds the mteryening pallsade eelle of
e arigioal levelinve ~ ridges” 1hese ridges of paliside in the notcly between
twes Lomellee bedig formed Laver (o the gill saliente, and as o result of the
luferal pressare of the Maring silicmts  For details sdo Ve texy,

Fie 2o, (Moo 1) Section from-apother hamidiocarp showing- tramgi-
fiom from the leve] paliaele ptage 16 the gill slionts,

Fie =1, Section nearer the panrgin of the pileus than that shows in Fle
17, D the wmiddle ared the gill smlients are cul near (heie distal end where
thiy are very low Cicetext for details). Transtion 1o level palisade and
primordisl zone on either e

Fre 22 Section still nearer the margin of the pileny showimg the level
palisalle zine in the conter, anid e primordial. gone of either alde

i 23 Sketlon stll searer the nirgin of the piless, eutirey throogh
the primosdin] tote: §

FLATEXIL -

Fies 24-31  Selectend s=rial sections from a single Laslivearp (No. 15),
parallel with the stem axis und from nearly median in the stem to mid-
way from stend stirfice to the margin of 1be pilous, Here the hymenophore
extends for some distance down on the omwand sloping surface of the stem
fundament, and there are Hitle * stalls® or plgeon holes between them in
the angle 3t junction of pileus @il stenr,  See lext for ditnils

PLATE X111

P, ga-42. Selecied peral sections from a single lasidiosiry (Noo 21),
parillel with the axin of the stem sid frommelian in e stem g ™ Lmgens
thal ™ b0 the mangin ol the pileas. St tex) for details

PROC. AMER. FMIL SOns, LIV, 216 W, FRINTEL GETT, 8, 1915,



THE FEULER-LAPLACE THEOREM ON THE DECREASE
OF THE ECCENTRICITY OF THE ORBITS OF THE
HEAVENLY BODIES UNDER THE SECULAR
ACTION OF A RESISTING MEDIDM,

Br T. 1. J. SEE.
(Keiad April 24, 1915.)

In the *Mecanique Céleste,” Liv, VIL, Chap, VI, $8 20-30,
and Liv. X, Chap. VI, $18, Laplace has developed the mathe-
matical theory of the seculur action of u resisting medium, and ape
plied it to the motions of the moon and planets. The first dis-
cussion herein cited was published in Volume T, of the " Mécanique
Céleste,” 1802, 1t is on this discussion by Laplace that modemn
investigators chicfly huse their treatment of the problems of a
resistitig medinm,  Laplace’s development of the theory therefore
hus been of great service to science for more than g century.

Recently, while oceupied with a careful review of the theories of
magnetism and of gravitation since the time of Newton, [ hail oeca-
sion to examine Euler's " Dissertatio de Magpete,” 1 744, " Opus«
‘el 1746513 and while looking into this work was surprised
to find that Euler luid preceded Laplace in his rln'r:Iﬂpmmt of the
chief effects of a resisting medium by more thin half a centiry,
Enler's work on the resisting medium will be found in the volume
of " Opusculs,”™ Berlin, 1746, in the paper “ De Reluxatione Motus
Planetaran,” pp, 245-276.

Having shown that the aphelia are undistirbed by resistance,
Euler considers in section X V11, the equations for the N g0

tion, and the return to perihelion; after changes in the mean motion
by the increments representing a whale revolution :

whd-2r,  wld-gm, ur b, nt 8, elc,

Euler puts for the planetiry orbit about the sumn,
S44
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=g (1 —e¢) =/perihelion distance,
g=a (1—¢*) =p=latus rectum of the arhit,
y=r—radius vector of the planet,
Z = ¢=—the eccentricity of the orbit,
t = true anomaly =, in the notation now commonly used,
s==arc of the orbit, reckoned from perihelion,
e=sun’s men distance,
— g, where a-is the earth's equatorial semi-diameter, and

p a number which expresses the sun’s mean distance in this unit.
Fuler uses a solar parallax of 137, and takes ¢==135866a. With
the values now adopted in astronomy we have about = 234452
In some of his numerical work Euler uses c=g=o(t—¢),
which is admissible when we neglect the square of the eccentricity-

Euler also uses a smill angle of deviation due to the angular
cffeets of resistance, == #, such that tan = — 2g,/3¢; and then takes
the equation for the Keplerian ellipse

_ aly —¢)
T= \+ ecosy’

to have the form of an ellipse modified by resistance

I 1 oS T

= e o .

b I+ ecosy) b » T

where P is function of the time, bul modified by a very small
auantity depending on the effects of the secular action of the resist-
ing medinm.

From the equations of the disturbed ellipse, in his notation,

Li
r

L i.,{.%mm:—q—.}",

e

P w_:_ (¢ —sin b — 3¢ sin b 4 40 cos 1-HJT0—30C sin 1 —3'y{T sin 21),
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Faler develops the fallowing talile:

H thiere will be
I=un, P =o,
{=g—0, P=:'(r—ii'r-§§).
L= 27, P =:{z=r “+ rd,
§=3r—0, | P=:(5r—!rx-‘;f).
1= 4m P-=r!{4=r+3tr.l.
ey =3, P=:-(51r—5i'w-ii).
He remarks that when therefore for perihielion we have
.= I—t;'i-f’.
and for aphelion
y=
if t=o, ;’!:I+n.
l=%—0, ;’1;I+Ell-§r},
t=2, e o,
$=ar 0 ;="';5+-“f{r—-én.
b= 4w, ;- '1"":_£+;|§il + 40,
t=s% -0, LR LT
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it being ynderstood that the final angle 4g/3c is neglected as very
srmall.
Euler nexi considers the offect of @ whole revolutions:

{ = 2ig,
v vt 2w
y= ¢ TR

and finds for the rading vector:
_ 2w (e
SR R o S
Putting for the following aphelion, 1= (21 + 1)e—4#, there will
result

=7, ([@+1e 10
= P 1 = 1 —3t):

whenee the mibins veetor becomes

Tt | =

& Gt Ox( =3
I—F ofn — {F '

The successive distances of the planet {rom the sun are dimin-
‘ighed in the following manner:

3=’

L. Perihelion :if"'
Aphelion I—E F— '::i_j’i:fg i
H1 Restttion 1 af—r . njlrl':&giﬂ
Aphetion : £ - :“:l'l :jri:a )28
TIL Peribefion : i? = 4_'*.:.:.’1 i;f}.‘g*_'-.'
Aphelion -I—i a8 5’::1:}5 }f‘ﬂ , ete.
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In any revolution alout the sun the peribelion advances by the
imterval

an(1+30ze
1 L = o
and the aphelion regresses by the interval

axl1l — e
s(1=3,
the mean distance therefore decreases in the interval abont 2=gg/¢;
anid after i revolutions this decrense in the mean distance will he
2ixge/e.
Accordingly, after i planetary revolutions, the perihelion distance
from the sun hecomes:

g _ 2ix(i4+-3er,
t4-§ ele4§¢
and the Tollowing aphelion distance:

R - i) LA 19T
"=t cly — )t '
The addition of these values, after i revolutions, cffecis the
transverse axit of the orbit:
2 4w w1 — i)
=3 da=3r =12
Here indeed, since the time i5 to be defined, the time from perihelion

to aphelion may le omntted ; and thus after 1 revalutions the trans-
verse axis of the orbit s found 1o Le -

A diwm
b Sl 4 G TS A
wherefore also the initial transverse axis is assumed el o
20/(v—2C).
If; therefore, the distance from the perihelion to the sun after i
revolutions, which is equal 1o
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be subtracted from the distance from the aphelion to the sun, which
would develop in the same time, and fouid to be equal to

g 2wl — $)ex
1—{ i —FF °

it will give for the distunce of the foa after i revolutions

e 2iwieel3 =)

=8 elr—g5p
The initial transverse axis was 2y, (1—&), and if we divide thisinto
the last expression, we get for the eccentricity of the orbit at this
time s {— 3ixdg/c; terms in £ being neglected as insensible.

In Euler’s paper the factor 3 in the last term is inadvertently
omitted.  He remarks that the original eccentricity was {, whereas
after 4 revolutions it is decreased by the negative termy shown above,
and thus 18 subject to a secular diminution, owing to the secular
dction of the resisting medinm.

After this (liscussion Euler reaches the conclusion: “A re-
sistentin ergo excentricitas continuo minwitar, orbitacque planétariun
propius ad fggram cireularem rellueuntar™ (po 271 )

He therefore recognized clearly that the effect of 4 redicting
medivm is o decrease the cecentricity incessantly, md to render
the orbit more anid more cirealar s amd had reached this important
conchision some fifty-six vears (1746) before the corresponding
theorem was established by Laplace in 1802,

Accordingly as Euler's reasoning is essentinlly nigorous, though
fot the same as thit of Laplace, it is evident that he was the first
iseoverer of the theorem which is of such fundamental importance
in the theories of cosmogony.

It is remarkable that although Laplace had this theorem clearly
before his mind for a quarter of a century at the close of his life
{ 1802-1827) He did not once suspeet that the planets and satellites
had originated in the distance and through the action of a resisting
medium had neared the centers about which they now revolve, anid
thus acquired the wonderful cirenlarity of their orbits.

It is well known that Laplace contimually refers to these bodies
#s detached by rotation, in the form of zones of wapor, as first
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outlined in his nebular hypothesis of 17960 He thus misled the
seientific wotld for more than a century, fill the capture theory,
mvolving formation in the distance with subsoquent approach to
iheir contral masees, under the secnlir action of a resisting medium,
was developed by the present writer i 190810,

It is equally well known that Laplace always held the comets
to he foreign to our system—mmother misleading doctrine in cos-
mageny, finally overthrown in 110 by the independent researches
of Stromgren of Copenhagen, and the present writer, who showeil
that the comets are surviving vesidies of the ancient nebula which
formed our solar system,

fn my “ Researches,” Vol LL, pp. 1381309, 1 have drawn aitten-
tion (o two letters Frotn Foler te the Roval Society, pointing ont, as
carly as 1740, that the earth was once heyond the present orlit of
Sawurn.  He does oot there discuss the secular decrease of the
eecetitricity af the planetary orbnts @ vet us he had grounds for hold-
ing to a secular approach to the central masses, he was the first
writer to outhne sound views in cosmogomny.

[Tnider the circumstances it appears appropriate that the theorem
nt) the secular decrense of the cecentricities of the orbits of bodies
moving in ressting medin, should be known by the pame of the
FEuler-Laplace theorem.  This recognizes the correet historied ile-
velopment, s now male out; wil prebably will alwaye hold o
fundamental plice in the science of celestinl evolition.

Mane Tscamn, CALnmosNis,
April 6, 1055,
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By FRANK SCHLESINGER.

To review even hastily the contributions that astronomy has made
to our knowledge of the figure and dimensions of the earth and the
constitution of its interior, would consume more time than ' can
fairly claim as my share this afternoon. Let me therefore pass over
thosze points that are on accepted ground and are matters of general
sgreement from the different pomnts of view represented in this sym-
posium : and let me dwell insteaid upon cértain recent developments
especially in need of consideration, concerning which the astronomer
desires the eriticism and help of the geologist, the seismologist, the
physicist, and the meteorologist. These developments have come to
us directly or indirectly through a study of latitude variations, so
that most of what 1 shall have to say will deal with this subject,

Although variations of latitude are in a sense a very recent addi-
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tion to our knowledee, yet on the theoretical side, at least, we find
the beginning more than a century and a half ago. In 1755 Euler
cansidered * the rotation of solid and rigid bodies ™ in a memair that
15 now Ttecogmized as the foundation stume for our edifice. He
ghowed that if such a body i3 projected into space it will exhibil two
kinds of rotation; the first of these is the familiar one that corre-
spands to the day in the case of the earth! the other is more subtle
and corresponds to the variation of latitude. By reason of this the
axis of the diurnal rotation is continually changing within the body,
progressing in a régular way and coming back after a time 1o its
earlier positions.  An ordinary top gives uis 5 simple example of this
kind of rotation. The spinner imparts to the top & motion of trans-
lation as well as a rotation, and if we wish to study the rotation we
must arrest the translation in some way. This we can do by letting
the top fall upon a hard surface in which the iron peg soon wears a
minute hole for itself, and the effect is 1o stop the translation of the
top without modifying seriously the rotation. Then we can see that
while the top is turning very rapidly around an uxis, this axia is
itself ratating in a comparatively leisurely way, Just the same thing
is occurring with the earth: the point (ar pole) at which the axis of
the daily rotation pierces the surface of the earth is continually in
mation. 1 we could take to the neighborhood of the pole a mm]crn
Jnstrument, and if we ¢ould observe there at leisure and in comfort,
we should have no particular difficulty in finding the position of the
pole within a meter. But if we should repeat these obseryations a
few mn:mth_r. later we should find that the pole had wandered away
to some distance.  To be sure, this distance would not be great aid
all the wanderings of the pole that have thus far beest ohseryved could
be plotted to true scale on the Aoor of a room not wuch larger than
the one we are in.  OF course if the pole is moving, so too 1= the
earth’s equatar § and thus the latitudes of all points on the earth are
varying. Such wanderings as these need not disturh the peace of
mind of those gentlemen who like 10 discover the arctic or the ant-
arctic pole. Under the circumstances thar the polar explorer must
work and with the meager instruments he can transport, he is glad to
determine his Tatitudeé within half a mile of the truth
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We must uniderstandd that it is only in our time and only after the
lapse of many years since Euler published his miemoir. that latitude
variations have actually been observed. There was nothing in
Euler’s theory to indicate how large a variation to look for. since
this is a matter thar depends upon the whole complex of * initial
comditions,"” of which bur knowledge is the very vaguest.  But this
theory does tell us what the period of the variation should be, since
this depends upon the shape of the earth and the distribution of
the material within it, and precisely the information that is here
needed is afforded by a study of precession. Applying this infor-
mation Euler was able to say that the period of the latitude varia-
tion should be ten months. Bessel at Konigsberg in 1842, later
Peters at Pulkova, Nyren also at Pulkova, Downing at Greenwich,
and Newconib at Washington, all searched their observations for
evidence of 3 latitude variation having a period of ren months, but
all in vain. Astronomers concluded that if latitude variations
existed at all, their extent was too small to be detected by instru-
ments of the precision that had then been attamed.

Toward the end of the nineteenth century vague whisperings
that this conclusion might be incorrect seen to have been in the air.
But the first clear word to this effect came in 1888 from the lips of
Kistner at Berlin. He had invented and applied a method for de-
termining the amount of the aberration of tight ; hut he found that
his abservations gave well-nigh impossible results, agreeing neither
among themselves nor with earlier reliable observations. By a nice
chain of logic he was able 1o exclude ane prassible explanation after
another until there was left only the smipposition that the latitade of
his station had changed while his observations were in progress.
Next he examined nearly cotitemporaneous obsorvations made at
other places, and when he found that he could aceount for certain
puzzling diserepancies, he no longer hesitated to announce that tati-
tudes were variable after all.

This announcement awoke the fiveliest interest and encountered
ng little scepticisn.  Special observations were a1 once set on foot
At various observatories in Europe and America, as well as st 4 sta-
tion near Honoluln in the Sandwich lslands. These isdands are
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about opposite in longitude to the European stations, and this was
the reason for establishing a statum there, For obviously if the
pole is really changing its place then the changes in latitude for two
opposite stations will be the reverse of each other, When in 1893
this was found actually to be the case, other possible explanations
for the observed phenomena at once [ell down, and lativude varii-
tions became for the first time a universally accepted fact,

Much time and effort have since been expended in attempting to
formulate the “laws™ of latitude variations and to give them a
mechanical interpretation:  But observation has shown that the
variations are of unexpected complicity, and ns a consequence we
are still very far from having satisfactory knowledge of this subject,
By the same token it is probable that an intensive study of these
variations, particalarly from poimls of view other than the astro-
nomical, will teach us much concerning the interior of the earth as
well as some of its surface phenomen.

It was the late Dr. Chandler, of Cambridge, Massachusetts, who
took the lead in investignting the nature of latitwle variations. By
overhuuling ancient observations (made of course without any rei-
erence 1o the present subject) he was able to trace the presence of
the variations back 1o the time of Bradley in the midile of the
cighteenth century. Thus it happens that at the very time that
Fuler was writing the first theoretical paper on the subject, Bradley
had already begun making the observations from which the aetual
existence of latitude variations might have been proven at once.
Chandler was able to gather similur evidence from other miscels
laneous sertes of obzervations amd thus to set down & tolerahly con-
tinvous record of the variations during a century and a half. How-
ever interesting a fact this may be from an historical point of view,
it does not belp very much in a practical study of the suhbject.
There are two reasans for this: first, it is only for European sta-
tioms (and jor the most part only for Greenwich) that we have any
kmwh:?gvc of these earlier variations; the other component of the
wmd:nng? E!-f the pole, namely that in the meridian at right angles
to the meridian of Greenwich, did not hegin to be known until very
recently.  Again, these ancient olservations were undertaken for
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certain definite purposes that they served az well as could be ex-
pected for their time; but they were not intended and are not well
‘suited for precise determinations of the Intitude, Close acquaint-
ance with the subject has taught us that exceedingly delicate ob-
servations are necessary to define the variations with adequate ac-
curacy. If Lheld in my hanids two plunb lines half a meter apart,
they would not be quite parallel to each other, though both are
exactly vertical; if they were prolonged, they would meet some-
where near the center of the earth, 4,000 miles below. The angle
between them is a little less than 0".02 and represents approximately
the aceuracy that is demanded and that has recently been attamed
in latitude observations. This success is due chiefly to the Inter-
national Geodetic Association which has organized an * international
latitude service™ of high efficiency, and (o whose eforis and ex-
perience are due the improvements in mstruments and methods that
have made possible this extraordinary degree of precision. Since
1800, the Association has maintained six observing stations for this
sole purpose, two of these being in onr own country.  Ome of the
minor effects of the war that is now raging in Europe will be the
discontimunce of some of theee stations. One of the American
stations has already been abandoned and the same fate will over-
take the other in June. 1916, unless some independent means of
maintaining it, at least temporarily, presents itself soom. An in-
terruption of these phservations would be a great pity, for this is
one of the cases where a continnous record is highly desirable.
To return to Chandler and his work on these vanations, per-
haps the most important of his achievements was 1o show that the
principal term in the variations, instead of having a period of ten
months in accordance with Euler’s theory, lnis in reality a period
of fourteen manths, This difference explaing the failure of Bessel
~and all the others who preceded Kiistner to find a latitude variation
in their observations; for, relying upon Euler’s results, they had
all tested their observations for the ten-month yariation and had
sought for no other variation. For the same reason, Chandler's
announcement of the longer period was received with incredulity
i some quarters, and this feeling did not vanish until Newcomb
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pointed out that Euler had made a certain assumption regarding the
interior of the earth that had in the meantime been universally dis
carded ; his period of ten mouths applies in fact only 10 o perfectly
rigid and unyielding earth. Newcomb showed that if the earth
vielids to deformation to the same extent as though it were composed
throughout of steel, then Euler's period would be lengthened to
abotit fourteen months. Here we have the first dependable deter-
mination of the cipidity of the earth, o result that has since been
confirmed in several ways, particularly by a measurement of bodily
tides ™ in the earth:

The fourtéen-month term (or the modified Fulerian term as it
is now called) has been under aceurate observation for a quarter of
a century. The period can probably (though not certainly) be re-
garded as constant.  This is what we should expeet, for 4 change
in this period woold @l for a sensible alteration in the distribu-
tion of the material within the earth; or a change in the rigidity of
the earth. The amplitude of this term presents a very puzrling
problem.  Its uenal value is about 0%-27, but twice in recent years it
has jumped to about 0" 40.  Such 5 change could be accounted for
by supposing that the earth had received 1 severe blow or  stcces-
sion of milder blows tending in the same direction. We are re-
minded that both Milne and Helmert have suggested that there
might be a direct commection hetween latitude variations and earth-
quikes. This suggestion was originally made by Milne very early
in this century when the astronomical data necessary 1o test it were
still yery meager. 1t is to be hoped that the question will e taken
ap:sgmin in the light of the information that has been sdded due-
ing the past ten or twelve vieirs,

Thaugh the Eulerian term is the largest part of the Lititude
variation, it is by no means the only miportant one.  We have next
an annual term with o muisimom amplitude of about 0".20. We
tay say with some confidence that this term is seasonal and meteoro.
logical in its origin, but at present no more definite statement would

be warranted. 1t was early sugwested thag Ocean aurrents might
cause this variation. These curre

nts would have to vary greatly
- T - t]
with the season, ¢ither in the volu 2

me ar the speed of the Bow, or in
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its direction ; for an unvarying current woutld merely modify the
Fulerian term once for all and would leave the latitude vanations
otherwise unchanged, A similar suggestion has been made with
regard to air currents, and appeal has also been made to unequal
deposits of snow and ice on two opposite hemispheres of the earth,
to account for the annual term. It seems to me that these explana-
tions have not been subjected to the critical numerical tests that are
possible and desirable, The meteorological data are doubtless com-
petent to enable us to compute at least the order of the effects in
the latitude variations that we should expect from these various
causes. Furthermore the annual term ie probably variable in its
amplitude, and it is important to ascertain how (if at all) these
changes are related to the corresponding meteorological observa-
tions.

One other term must be mentioned in this brief summary, A
few years ago Kinura of Japan made the important discovery (the
most striking contribution to astronomy that has ever come out of
Asia) that the Iatitudes of all stations are affected by a variation
that does not depend upon the longitude but which is the same for
all points in the same latitude.  In other worls there is present a
variation that is not due 10 the wanderings of the pole. Ta ascer-
tain mare closely the nature of this term, the International Geodetic
Association extended its latitude service temporarily to the southern
hermsphere, with the resalt that the term was found to be of pre-
cisely the kind that would be caused by an annual warndering of
the center of gravity of the earth to and fro along the axis of rota-
tion. This must be regarded merely as an illustration and not as
an explanation; for so great a change (about three meters) in the
pasition of the center of gravity is excluded on other and very con-
clusive grounds, No plausible explanation for the Kimura term
has as yet made its appearance, and 2s a consequence the reality of
the term has been questioned from every possible point of view,
Many explanations have been advanced, each of which sought to
account for the term as merely an instrumental effect or the like,
just as wis the case twenty vears earlier with the whole of the lati-
tude variation itself. Against such attempts the Kimura term has
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held up very well., It is not too much to say that at the present
time all but .one of the numerous explanations of this class have
been disposed of ; this exception deserves a brief mention, particu-
larly as it calls loudly for the attention of the meteorologist. Let us
suppose that the layers of equal density in the aimosphere above a
station are not horizomtal, but that they are sensibly inclined. 1f
this occurs without our knowledge, as it would under ordinary cir-
cumstances, then we should apply refraction 1o our ohservations in
a slightly erroncous way and we should derive a value for the lati-
tude that is not quite correct. Let us suppose further that this
effect were a world-wide one and that in any given month there
would be a pronounced tendency for the inclination to be in the
same sense in all latitudes, north and south, as well as in all longi-
tudes. Then we should have a set of circumstances that would ae-
count for the Kimura term as an ammospheric effect, and therefore
it would be excluded as a real variation of latitude. So far as the
astronomer is able to testify, the evidence is against the occurrence
of such tilis in the atmosphere.  The inclination required to secopnt
quantitatively for the amplitude of the Kimura term is over two
mitmites of are, or a slope of about one part in fifteen hundred,
Presumably i a few years we shall be able to say something more
definite as to the possibility of the existence of such conditions.
My own opinion is that this explunation, like so many others of
similar characler that have been suggested for the Kimura term,
will be found mntenable. Further 1 venture to think that lattude
vanations as a whole will find their explanations less on the surface
of the earth and more in its interior than
generally accepted opinion,
Atdrerexy OpsgEvaTony,
Umsvenstry oF Prersmimge,

seems now to be the



A PRACTICAL RATIONAL ALPHABET,

By BENJAMIN SMITH LYMAN.
(Read Qctober 1, 5o15)

How to reform English orthography, and reduce it 1o simple
regularity iz an interésting problem. Repeated efforts have been
persistently made in that direction. Among others, overhasty
enthusiasts, in their disgust at the irregularities and phonetic m-
adequacies of the established English spelling, have insisted that a
comparatively few of the most glaring irregularitics should be
“ simplified ** at once, hoping that later on another larger batch of
“corrections " may be adopted. OF ¢ourse, such alterations from
the established usage can only come gradually into general, or estab-
lished, use; not in less than hity or seventy years; as may be seen
i the few small changes urged by Nouh Webster. Meanwhile. if
the alterations meet with somewhat wide acceptance, there must be,
on the whole, very greatly increased irregularity in Euglish spelling,
approaching, indeed. chaotic Tawlessness.  The repetition, and there-
by prolongation of this painfu) unraly condition of our urthography
it such an ill-considered effort at reform must remind one of the
pretended humanity of cutting off a dog’s tail by stages of an inch
at a time, Wonld it not be far better to devise a practical and
thoroughgoing system of orthography to be used alongside of the
present established usage: and to become more and more used,
until at last, it may become altogether adopted and universally used?

There are serions difficulties, however, in setting up a practical
and thoroughgoing system of orthography. Any plan of reformed
orthography should never fail to keep in mind the necessity of being
thoroughly practical, if the least hope be emtertained of its coming
into universal, or even common, nse. The great, widespread vogne
of the Roman alphabet is doubtless due to its even rude simplicity ;
and in many hundred years it has been impossible to introduce into
general use more than a very few extremely simple modifications of

359
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the original forms of the letters: as for instance the carvilivm to
distinguish G from C and the distinction between | and T and
between U and V, which appear to be still struggling for complete
prevalence. It may, however, be borne in mind that notable addi-
tions to the Arabic alphabet have been made and sceepted in order
to express additional soumds in Persian or other languages: but it
is noticeable that such added forms are strictly in keeping with the
ariginal character of the alphabet.  The Russians have also strongly
modified the Roman alphabet, and not always quite in keeping with
the rude simplicity of its general character; vet have established its
use throughout a great empire.  In proposing new forms of letters
for newly distingnished sounds, it is certainly advisable to maintain
some restramt upon one's fancy, 1o adhere to the uimost simplicity,
and to depart as little as possible from the general character of bare
simplicity of the Roman alphabet, making use, so far as possible,
of old devices, and putting forward as few novelties as possible,
to be learned and made familiar, It ccems highly desirable to avoid
the use of altogether outlandish forms like the fully ohsolete old
Anglo-Saxon letters, wholly ont of keeping - with onr  modern
alphabet : or to offend the eye by intermixing italic letters with
Roman and by other tasteless similar devices, or by interspersing
inverted letters, though to be sure of good Roman shape. Above
all, however, let us avoid separate diacritical marks to di=tinguish
sounds. marks that are a nuisance 16 write, an abseurity to read, and
by their occasional forgetful omission o fruitful source of mislead-
ing. Especially the wse of dincritical marks in a way opposed to
their time-honored significance, is to be reprehended : as for example,
the use of an accent ta indicaite merely the length of 3 vowel.
practice has misled commonly into varions errors of pronunciation
of some oriental words, We shall see if there be any serious
difficulty in getting handsomely along without any of those hastily,
inconsiderately adopted, tempting, shallow, casy, but terrible. nuke-
shifts. There are some restraints, or guides, which must cogently
inflience our choice of letters or syn

; ibols to be used in indicating the
different sounds of the language, T iy highly desirable, or ab-
solutely necessary, that cach sound should be indicated by only one

letter, and that each letter should have but one sounid ; and it would

Such
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be absurd to acknowledge that principle, and then as in Volapuek
and Esperanto, at the very outset give 1o 5 the sound of two letters,
ts, merely becanse it happens to have those sounds in German.
Another important principle is to give to letters or devices the force
that they already have, and long have had, in the langnages where
they have been in use. In general, the customary practice of the
majority should have sway, requiring the minimum of new learning.
As English is far and away the most numerously spoken language
thronghout the world, the sounds to be attributed to the consonant
letters should be a4 in English ; though, owing to the extreme irregu-
larity and variety of the English vowel letters, they must give place
to letters that are more previalent in the other European languages.
The English consonant v, for example, should be used; not, as in
Esperanto, the letter j, which has that sound among the compara-
tively small number who use German and ltalian. In Volapuek, 5
is made 1o serve for the English g, 2 most unheard-of nse.

In English, the combinations e, sh, th and wh each is used for
a single sound, and it is desirable to substitute for it a single letter.
Would it not be highly practical to write those sounds by means, in
each case, of merely the firsl of the two letters with a subscript
small appendage somewhat similar to the old device of the French
cedilla, though a little different in form, to represent the letter J,
and having a more or less distamt resemblance to it in shape? In
cursive writing, the resemblance to an A need not by any means be
close, and may be really abbreviated, as there would be no danger
of misunderstanding. We have, thereby, four new characters with
it a single device to remember, and that not a new one, and the
new forms are entirely in keeping with our old alphabet and with
already customary methods,  As to the sound of ¢ in church, it is
sometimes maintained that it is in reality a sound compounded of I
followed by sh. But that is clearly an error: for even the ear can
distinguish a difference in the sounds, and the sonnd of ¢k is as dis-
tinctly different as is the sound of the opening or clesing of a1 same-
what tightly swollen door, compared to the mild clapping to of a
well-fitting closure. The peculiarity of the contact of the tongue
and roof of the mouth, with the consequent vibrations of the roof
of the mouth, occasions & peculiar sound different from ¢ and from
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sh. A corresponding difference occurs between the sound of a
smack with the lips and poor b, The sound of zh, as in pleasure,
would, of course, be inlicated by = with a subseript b, If it be de-
sired (unlike ordinary English) to distinguish the sound of th in
this from that in thin, the logically analogous and simple mode of
writing it would be with 2 d with a subseript k. The whispered, or
surd, ¥, heard in the word hue, might also he indicated by o v with
a subscript h. The guttural sounds indicated in oriental trans-
literation by kh and gh, would likewise bie represented by k or g
with 2 subseript h.  Until types of these new forms are to be had,
we may provisionally, instend of the subscript b, use & snll & at
the side: ey, 53t du Ba, gx, o, Yoo The simple cound written in
English with ng should be indicated (as proposed =0 long ago as
Benjamin Franklin) by a character similar to a g but with the upper
part in the form of am », for which there is already type.

Other consonant sounds, the so-called cerebral sounds, oceurring,
for example, in the Sanscrit and in the dialect of Peking, could he
simply indieated in a similar manner, by giving to the upper part of
the corresponding letter the shape of an »: since those sounds are
made with the tongue rolled up, as for an r.  In Sanscrit, such a
modification of sh occurs and in the Peking dialect v is so pro-
nounced, with the tangue rolled up, and may be indicated by o y
with the upper right hand fork in the shape of an r ( provisionally .'r‘;1
and 7).

With these four or five simple characters, we have then a full
supply of consonants without going outside of the ardinary English
usage: b, o, ch, d. dh. f. u (always as in gizy, get), i koL owmon p,r,
5,8k, b th, v, w0, x, 2, 20 omitting g, and ¥, as saperfluons ; and usmg
¢, only with the subscript k. Indeed as the ¢ is only so used, even
if the subseript & should be omitted there would b no danger of con-
fusion, and ¢ would have before all vowels the same sound that it

has in Italian before ¢, and 4. H is sometimes reckoned as o eon-
sonant, but, of course, erroncously, as it is the whispered form of
the vowel that follows it

.. As already intimated, arder out of the chaos of English vowels
i3 only to be m:tamed by adopting the more uniform practice of the
European continental countries, with a, as in arm, o as in nol, % as
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in rule, i as in pigue, ¢ as in they; and, for the vowels, we must
abandon the hope of indicating by a separate character every one of
the infinite number of shades of =sound, a few of which cceur in
suich: series of vowels as in: hate, hale, have, hairy, Harry, hal, hat.
The progress of ealightenment in thonsands of years hms led to far
greater nicety of distinction in vowel sounds than was common
formerly.  But instead of five or six vowels that it was then found
worth while to indicate by separate characters, it would now be
hirdly practical to have distinet letters for more than eighteen or
twenty yowels and that number may he very practically arranged.

A difficulty in bringing into general use any such somewhat
nicely adjusted system of indicating the sounds, especially the vowel
sounds, of any language is that the pronunciation of words is dif-
ferent in different regions and even among different families and
individuals of the same region; nay, even with the same individnal
according to varying emphasis in different connections, as fa m
“eoing to Boston,” and “to and fro™ and the pronunciation some-
times viries through slackness or sloveniiness of articulation or
enunciation, as in sibstitnting a <light vowel sound for the con-
semants v and = in such words as they and smose, or in dropping r
altogether after a vowel and before a consonant, as in grwe.  Hence
strict regard to phonetics would give the same word several dif-
ferent forms sccording to the taste or habits of different writers,
and stand seriously in the way of the miformity of spelling that
wotild be extremely desirable for at least a literary language to be
used in conimon by a numerous people. :

As regards the vowels Professor Samuel Portér over forty-eight
vears ago, in the American Journal of Science, September, 1866,
excellently elassified the readily distinguishable vowel sounds of
English and other principal European languages, and arranged them
according to their physiological mode of formation, with a simple
illustration indicating nine different parts of the mouth where the
tongue is placed to give the form of cavity, which with the issuing
breath, will produce each vowel sound. So simple are the plan
and the illustration that they have been perfeetly successful in in-
ducing very ignorant Orientals (in India and China) to indicate
thoroughly and simply the mode of formation of some of their most
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peculiar sounds, which to ordinary foreigners without Porter's help,
anil with merely the ear as a guide, are miysterious and even con-
sidered quite upattainable. He distinguishes nine points at which
the tongue is placed, and at each of those points, four degrees of
openness; making thereby thirty-six readily distinguishable vowels.
But a number of them are not in ardiniry use, and are therefore not
to be considered in any orthographic scheme. A Few additicnis are
10 be made on account of the effect of stiffening the lips, changimg
the sound. In order to accommodate ourselves to this classification
of the vowels it is desimble to add to our letters ® (not & new
combination) as ae in Germman Maedchen, for the sound of 4 in
care; and oe (again not new ), nearly like the oe in German schoen
for certain closely allied sounds: and « new character, like the
Swedish o, with an & over it : but contracted into a single form, for
the sounds, like a in twar, or o in lord, or oo in broad. Yet another
new form.may be added, ¢ with a stroke like an accent just 1o
its left. to correspand with the French acute-accented £ We have,
then, nine characters for Porter’s nine groups of four vowels ench,
He cills attention to the fact that in each group of four vowels,
differing only in the degree of closeness of the tongue at the same
place in the mouth, two of the four are long and two short, Let s
therefore represent the long vowels by the ancient device of simply
doubling (with shght comtraction) the letter wsed for the short
vowels, as the Greeks already set us the example with their omega.
All the vowels cin in ke manner he doubled, and somewhat con-
tracted, making at orice cighteen casily written and easily read
vowels conforming well 1o the already estalilished character of our
alphaber.  Until appropriate type for the purpose are to e had,
we might provisionally merely double the present letters; as: aa,
ee, ete. In one or two cases the number ean be increased by
indicating a. labial modification of the vowel by means of 2 small
upright stroke, an ablbirevigted / l‘pmvisionaii:r a small 1y, close to
the right hand of the letter. Iy thie waty, we are easily provided
"'"’“_1_‘ abotit twenty vowels, apparently an ample supply for the
English linguage,

Let us now consider the vowels one by one, more particularly.,
In'group T, the a of last, ask, chant, is short ; while that of fufﬁ.:rr
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and calm is long; and that of baa, ak, arm, charge is still hroader.
The two last would therefore be written with a° double letter
(provisionally aa) ; and there would be no need to (istinguish in
writing between these two, because there is distinction enough in the
following r or h..

In group 11, the two closer vowels, as (long) in war, lord, oo,
pause, or (shorter) all, water, lony, dawghter, are both lakaally
modified, by stiffening the lips; and can be so indicated by means
of a small upright stroke (an abbreviated I, provisionally a small 1)
just to the right of the letter.  The longer vowel can be indicated by
doubling, as already described.  The shorter and not labially modi-
fied vowel of the second degree of openness is heard in the words
salt, although, cross, horror; and the third degree of openness, also
not labially modified, occurs in sod, wor, off, twhat, knowdedge; and
may be written with an o comhined with an o, like the corresponding
Swedish letter, but more contracted. These two closely  similar
vowel sounds, scarvely distinguishable by ordinary ears, it seems
hardly worth while to provide with separate. letters (though the
distinction of the third degree mright be marked by a small 3 just to
the right of the letter). The fourth degree of openness does not
oceur in ordinary speech,

In group 11T, in like manner, the least open vowel, as in note,
toe. low, loaf, door, mourn, being longer, may be written with &
double letter (like the Greek omiega), or, provisionally, by & repeti-
tion of the single letter, oo ; and might be marked as labially modified,
m the way already indicated. But this is hardly necessary, because,
in English, it alwavs has that modification, miaking it unnecessary to
mark it, The next degree of openness is likewise always labially
modified, and being short would be written with a single letter, It
s also distinguished by being an unaccented vowel.  The third
degree of openness, as in wot, dot, folly, knock, proper, bite, eve
(ey, a short o followed by the consonant v oeeirs only in accented
syliables, and is thereby sufficiently distinguished.

In group IV, the long sound of the vowel in rule, swre, fool, pool,
maoon, shae, soup, wonld be written with a double vowel {provi-
sionally by wn), while the vowel of the second degree of openmess,
as i full, pull, bosom, woman, should, gavd, foal, ook, wonld be
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written with a single letter.  Both these vowels are kibially modified,
and might be so marked, in the way already indicated, but it is
unnecessary 5o to mark them, because there is no vowel in' English
with which they could lie confounded. In the third degree of open-
ness, the unaccented vowels in fulfill, and willful, socur; bt
{written with a single letter) are sufficiently distinguished by the
#hsence of accent.  The fourth degree of openness does not decur in
good English,

In group V., the first and second degrees of openmess, oceur in
the German oe, and the French en (nearly, though not quite, the
same) | but not in English, The seconil degree of openness without
labial modificstion oceurs in English only before r as in Ty,
virtue, girl, myrtle, corl, pearl, earth; and may be written with &
single letter (ce). In the third degree of openness, likewise short,
anl to be written with a single letter, occurs the so-called matural
vowel, accented, and without r, as inoup, but. Tn the fourth degree
(written with o doulile vowel), long, oceure hefore: p the vowel
sound of fery, oecuer.

In group V1, the long sound, with a double letter (provisionadly,
the. single letter repeited, te ), is heard a8 the ¢ in parent, of in
their, ai fn fair. Tt i% the German oe in Maedchen, and the French
¢ inoaprés, seine, pire. The second degree of openness, with a
single letter, is heard in care, there, praver, heir, pair: in cach cise
followerd by the sound r.  Without that sound of r, the third degree
of openness gives s, with the same letter, the a in at, cat, mon, sad,
hap. The absence of the r makes it nnnecessary for them to dis-
tinguish the two slightly different vowels,

In group VII, the first degree of openness with a double letter,
or, provisionally, the single letter repeated, ee, gives us the ¢ in
they, grey, and 1he like sounds in fate, name, great, vein, hail, pay:
the German mihr, jeder, ledig, See. The second degree of open-
ness, with a single letter, gives us the a of unaccented syllables, as in.
witrate, climate. The third degree of openness, with the same
single letter, ocenrs in accented syllables, as in get, coa, red, mend,
The fourth degree does not occur Englizh,

In group VIIL the first and fourth degrée of openness da not
occur in English, The first one, to be written with a double letter,

FROC. AMEX, FHIL. 800, LIV, 230 ¥, PRINTED FESEUARY 25 1516,
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oceurs in the French acute-accented ¢ and ai.  The sccond degree
of openmess (written with a single letter, provisionally, ‘e, an ¢ with
4 small upright mark, or figure 1, above at its left) oceurs in Eng-
lish i unaccented syllables only, as in guinea, valley, carricd, city.
The third degree of openness (likewise a single letter) differs so
slightly Trom the second as hardly to need a separate chamcter,
though it ‘might be marked with a suall abbreviated 3 put to the
right and upper part of the letter . It occurs in the unnccented
syllables goodness; college.

In group IX, the first degree of openness, to he marked with a
doulle letter (provisionally, i#), i= found in the i of pique, maching,
When this is labially modified by stiffening the lips, it becomes the
French w. as-in ruse, and the German we, as in wiher, 1o he marked
with a small sivoke, sn abbreviated {, at the right of the letter. The
second degree of openness. to be marked by a gingle letter, oceurs
in nnaccented syllables as in divine, vohicle. nutigate, The fourth
degree of openness does not occur in English,

We hiave, then, for the vowels nincteen letters distinguishing all
dhe readily distinguishable vowels used in Englisk, In two or three
cases the. distinction is indicated Ly the accent as in certain unae-
cented syllables, as in fulfill, goadness: and in other cases by the
subsequence of the sound r, as in girl. Even these slight differ-
ences vonld be indicated by a scrupulons writer with an abbreviated
figure 3 alongside, to the right, and at the upper comer, of the
letter.

Having thus made possible the writin
takable letters. each letter for 3 single so
tinguished soind by a single
favor of the general
Indeed, it is ardently

g of English with wnmis-
und, and each readily is-
letter, w strong. reason s advanced in
adoption of Faglish s 4 umiversal language.
to be hoped that eventually some one

_ language
may become ttﬂi‘?ﬂl‘h‘:.ﬂ. and Known to the whole human mee.  Tatin
was formerly o widely known and extensively used among the
mone civilized nations

25 10 give some eolor to its claim to hecome
But the gradually increased refinement of
has apparently made i impossible tg be

50 d e 2 methed of comimumication. The
numerous artificial languages proposed for this purpose, even if nol

the universal languape.
ideas in modern tines
satisfied with so Lalg an
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liable to the same objection, or to greater crudity, are yet additional
languages to be lewrned.  English already known ta n mmeh lairger
mumber of men than any other latiguage, seems to be, by all odds,
the best adapted to heconte, perhaps with slight modifications. a uni-
versal language.  The simplicity of its grammar, aside from orthog-
raphy, makes it remarkahly easy [or foreigners 1o leam; and, for
use in universal form, the comparatively few irregularities of gram-
mar ntight considerately be eliminated, so thar (in universal form)
it might be allowed to say mouses, instead of mice, and digered -
stead of dug. English has already shown its capacity to express
perfectly the finest distinctions of jdeas and must in that respect far
excel any artificial language, like Esperanto, ar Volapuek, with their
rude, bald, lack, for eximple, of the definite or indefinite articles.
A rationsl, phonetic, practical spelling would, then, make Fnglish
ideally perfect for a universal language. Clearly, for that purpose,
the usage of speakers of some region, or of some degree of cultiva-
tion, with some degree of emphasis, must be selected as the norm to
which the written Imguage should conform, in order to tiake the
writing-and spelling in the main, though not always in every minute
detail, phonetic. 'Well taught childress should, then, everywhers learn
to pronounce the words as they are spelled, and not be allowed to
drop the sound of r in army, or pervert the sound of (he English long
u (like yu, except after the sound of &h, 7, &h, gk, or ), Normal
schools shoull train teachers in these details so that the children
may be properly drilled.  In that way the language wonld be righitly
conserved, and would tend 1o hecome fit for universal use,

Ome serious difficulty in the adoption of any such improvements
of our alphabet is that there are so many men who excel more in
persuasive eloquence, it * the gift of the gal,” than in a thorough
knowledge of phonetics and inclination to creful reflection, Cad-
s could not have been s ready tongued, shallow utterer of rapidly
up-bubbling superficial thoughts. A group, 6r committee, or society
of stich quick-witted individuals (perhaps some of thein o densely
ignorant &s to suppose A to be a consonant, instead of the whispered,
ar surd, form of its following vowel, or to nsist that the English
ch, and j are compounded of sounds distinguishalle even by the
ear, and as much unlike the real ones as the bursting open, or bang-
g shut of a tightly swollen door, is 10 the mild clapping to or open-



S70 LYMAN—A PRACTICAL RATIONAL ALPHARET. (0aw

ing of a well-fitting closure), may make bald to put forward by
their majority vote some alphabetic, or orthographic, system (as the
Japanese Roman Letter Society did), and may really delay for a
long time the adoption of an altogether rational and practical method,
[t would be much better for individuals to propose their own plans,
and put thenr into use by themselves and by a portion of the public.
Gradually, the best of such plans woulil take the lead, and eome into
more and more Feneral use, without having to overcome at the outset
the prestige of the dominant approval of a high-sounding SOCICtY oF
committes. In any case, it would clearly take many years for sueh
a rational pew system fully to supplant the present estallished lsage,

Meantime, it might be advisable to do something towards
simplifying the learmning of the present established spelling. To be
sure, the difficulty of leaming it has been much exaggerited, owing
to the general extreme neglect of the study, Tt zeers, however,
passible that the six weeks or <o that appears to bé ample for 2 half-
grown boy or girl to learn to spell well might be reduced 1o a couple
of weeks, at most, with & properly arranged booklet: so that the
present multitudinous army of typists might readily fit themselves
to dvoid tormenting their employers by ignorance of so simple an
art as spelling.

But however advantageous a simple, purely phonetic spelling
might be to a defectively edueated 1ypist, or to am adult Toreigner,
let it not by any means be imagined that the time spent by chilidren

Jin acquiring our more complicated -established orthography is use-
lessly thrown away.  Omn the contrary, it i a highly useful discipline,
tot only truining the memory in & simple way, well adapted to
young children, but giving most valualle habits of close and aceurate
mitute observation (the precision that is the most efficient aid to the
conservation of language), and enabling the easy unilerstanding: and
remeniberitg of the proper mode of writing 4 new CERR L
such habits may also be acquired by certain games of children, but
in a wiy not a whit more interesting or *useful™ than the old-
fashioned spelling mateh, The comparatively recent way of teach-
ing to read by the general appearnnce of the word, and with total
negleet of syllabical spelling, is detestable, and produces results that
are fulll of torture and. disgust to those wha have to fisten to such

reading:
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L INTRODUCTION,

This paper is based upon dats collected during the summers of
1912 and 1913, The former season, Mr. A. (. Hayes and Prof. van
Ingen of Princeton University, while making a study of the general
geology. stratigraphy, and palieontology of the shores of Conception
Bay, Newfoundland, in connection with the investigation of the iron
ores of Great Bell Island, came npon the manganiferous rocks of
the Lower Cambrian exposed at Manuels, Topsail, Brigus, and other
places. They were immediately strick by the unusual lithological
and mineralogical chamcteristics and by the excellent state of preser-
vation, particularly at Manuels, of what are undoubtedly primary

471
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bedded deposits.  Some coilections and notes then taken of these
interesting rocks were later placed at the digpoaal of the writer for
further investigation. The following summer of 1913, the writer as
a member of the Princeton Newioundland Expedition undertook -a
more detalled study of these deposits at the various localitics where
the manganese had been found the preceding summer, and also of 4
deposit of the same age on the northern shore of Trinity Bay.

There are 50 few syngenetic manganese deposits which still retain
their primary unaltered chamcters and are found to occur at the same
horizon over stich a wide area that a somewhat detailed investigation
gave promise of yielding results of value. In this paper therefore
there has heen an attempt 1o present as comprehensive a study of the
‘manganese of sontheastern Newfouwmdland as our knowledge of
this hitherto bot little investigated region will altow.

The subject matter 15 primarily chemieal in its nature and the
analyses herewith precented are from samples taken from the prin-
cipal manganese-bearing beds  Many mare analyses however could
have been matde and in fact muny more should be made if the tleposits
are 10 Be serously investigated for commercial purposes. The
analyses of the mangancse beds at Manuels, Topsail, and. Smith
Pomt, Newfoundland and those of the imported specimens from
E]hingemde. Saxony were male by the writer in the chemical
lahoratory of the geological department of Princetan Umversity.

Becanse of the jmpalpable fineness of grain of many of the
mangunese-bearing beds, the petrographical deseriptions of certain of
the thin sections can deal only with the larger features such as shroc
ture, mineral aggregations, and a few of the larger and observable
minerals,

The writer feels particularly indelted to Prof, C. H. Smyth; Jr.,
for many helpful snggestions bearing upon the chemical side of the
investigatian, and to Prof. G. van Tngen for unpuibilished information
regarding the stratigraphy and pakeontology of this region, as well as
for the Joan of the locality maps and data for the columnar sections
which are the results of carefnl surveys made during the
of 1912 and 1913 All photographs and migrs
generotsly confributed by Prof. vin
of the results of this investigation,

sHnmers
photographs were
Ingen 1o further the presentation
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L. GENERAL GEOGRAFHIC AND GEOLOGIC RELATIONS OF THE
MANGANESE DEPOSITS OF SOUTHEASTERN
NEWFOUNDLAKLD,

GEOGRAPHIC RETLATIONZ

The manganese deposits here considered are located m the south-
eastern part of Newfoundland in the vicinity of Topsail, Manuels,
Long Pond, Chapel Cove, and Brigus on Conception Bay, and at
Smith Poimt on Trinity Bay. Manganese is also said to occur near
Ships Coave, Macentin Bay., The dccampanying map, Fig. 1, shows
the approximate location of these leposits,

GexggaL GEDLDGY,

The sedimentary rocks of this ares are included in the Cambrian
and Ordovician systems and may he seen on the map (Fig. 1} to
ocour as: irreguiar patches, the Ordovician composing the larger
islanicks of ‘the bays and the Cambrian occurring as nregular and
widely separated fringes resting on the pre-Cambrian of the main-
land. The whole series consists almost whollv of shales and thin-
bedded sandstones with some limestones, and in the hase of the
lower Cambrian an occasional conglomeratic bed.

The iron ares of Great Bell Islind are Arenig while the manga-
nese and their associated green and red shales are of late lower
Cambrian,

Wherever the Cambrian strata have been found in contact with
e pre-Cambrian an unconformable relationship exists, The pre-
Cambrian rocks of thiz area as classified by Dr, Walcott (2:219)
and by Messrs. Murray and Howley (18: 141-154) respectively are
ns follows:

Walemt Migzray pod Hawley
Handom
Signal Hill Avalonian
hlg
Avalonian '!l.'{::l:r £
Conception Huoroma
Laurentian Archacan

The Avalonian and Huronian of Mr. TTowley represent o thick-
ness of 12,370 feet. A later impublished estimate of 18,250 feet has
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heen made by Mr. A, F, Buddington, who is studying the pre-Cam-
brian rocks of this region. A brief description of these formations
at this time will be neécessary for a comprehensive view of the News-
foundland manganese deposits,

Laurgntion: The rocks of this formation are in great part gneissic
and granitoid, and are probably the oldest rocks of the area.

Huronian: Thiz formation, which is equivalent to the " Concep-
tion ™ of Dr. Waltott, cousists principally of the Conception slates
which are of tufaceous marine origin. They are intruded by bosses
and dikes of granite, diorite, monzonite, and gahbro, and contain
hasaltic and rhyolite flows. The Conception formation was esti-
mamted by Murray and Howley to have a thickness of 2050 feet.

Tarbay: This formation consists of about 3,300 feet of green and
purple slates and argillites:

Momable: An estimated thickness of 2000 fect of brown and
black sandy shales overlies the previous formation.

Signal ITill: Red and green sandstones, conglamerates, shiales, amd
arkoses largely of continental origin comprize this formation, the
thickness of which is about 0,000. feet according to an unpnblished
estimate by Mr. A, F. Buddington.

Random: Abotit 1000 feet of green aml red sandstones and
white quartzites with occasional basalt flows comprise this series.

Murray and Howley in their report of 1868 for the Genlogical
Survey of Newfoundland descrilie the general structural features of
the Avalon Peninsula as fallows:

*The region it gquestion, in particular, and probably the whole jslamd in
general seems to be atfangell fn an alternation of anticling] aml syriclinal
Tines, independent of inmmerable minor folds, which presecve theoughont o
remmrkable degree of parallelism, pointing genemally abont N-NE and 5-5W
from the troe nieridian, enrresponding with the strongly marked indentations
of the donst as well as the topographical features af the inerios.  One snel
great anticlinal form oconrs within the regiot examined (his vear, with 8 cor-
rezponiding synelmal; the axis of the former wos found to be more or less
tverlald unconformally by ks containing fossils of Lower Silurum g,

notie of which were of leas remote antiquity than sncli as are attributed 1o,
the Torizan of the upper Potsdam group”

“The axis-of this aniclinal runs o o modorately strafghi line From Cape
Pitie on the south const to that part of the Poninsula and coming p from
belew the Tntermediate Sertes, occupies more or less of the suriface from
thie vicinity of the Retiew's Butterpots to the shores of Conception Bay be-
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tween Holyrood and  Mangels Brook, The newer.or Great Intermediate
Series: whiich flanka this Taorentisn Noclens, wos fownd on the Penipanls
of St Jobns and Ferrytand w show s goneral dip to the edstward although
making rmany minor undulations; while og the Peninsuls berween Conception
and Trinity bays the inclination s reversed, being noarly uniformly westerly,
makitig many repetitions of the same strata however, 3s u the upposite gide
of the fold Corresponding with this gredt smielinal the imeasure of the
Intermediate rocks, us scen ar parts of the eastern coast of Platentis Bay,
appear, by the generally castern fip which they present. to mdicate the mxis
of a synelindl troogh to run from Trinlty Bay in the direction of St Mary’s
Bay”

As structural work of a reconnaissance nature only has thus far
been published in reference to Newfoundland it is hoped that this
most interesting phase of geology of the island may be investigated
m the near future. The following locality descriptions will take up
briefly these smaller structural features which may serve as a clue

to the more general structures of the entire manganese area.

L GENERAL STRATIGRAPHY

There 5 very little published information regarding the general
stratigraphy of the region under consideration but a few observations
made while studying the individual mangancse deposits and other
information verbally communicated by Prof. van Ingen may be of
interest at this point.

Une of the most striking features of the manganese eposits is
their occurrence at the same horizon in shales of late lower Cam-
hrian age at widely separated points on Conception and Trinity Bays.
At each deposit, the manganese zone was found to oceur below the
Paradoxides zane. At Manuels in the shales directly below the man-
ganese nodular beds, heads of Protolenus harveyi (oral communica-
tinn by G van Ingen) were found so that in all probability the man-
‘ganese beds may be included in the Protolenus zone of Matthews

(1621011531,
By referring to the colummar sections ( Figs. 2, 36, 42, and 33) it
is readily seen that the sediments consist largely of shalés ani lime-
stones and that there is a very decided increase in the total thickness
of the beds from Manuels where there arc 215 feet between the
hottom of the Paradoxides zone and the top of the pre-Cambrian to
Smith Point, Trinity Bay, where aver 1,000 feet intervene hetween

FEOC AMER, PHIL 80T, LIV, 220 %, FRINTRD FENRUARY 33, 1906,
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the Paradoxides zone and the pre-Cambrian. From the bottom of
the Paradoxides zone at Smith Point to the top of the Smith Point
limestone according to a calewdation based upon a careful stadia
transit survey of the shore line (Fig. 43) there is a thickness of 546
feet. The total thickness in the number of limestone beds varies from
a few feet at Mamuels to 100-+ feer at Smith Point.  The thickness
oi the shales at Manuels below the Paradoxides zone is abowt 200
feet while the thickness of the shales at Smith Point within the corre-
sponding limits is over 400 feet, on the assumption that the Smith
Point limestone of Trinity Bay corresponds to that limestone of the
Manuels section which is just above the hasal conglomerate.

The increase in total thickness of the number of beds from the
east shore of Conception Bay to the west shore within the corre-
sponding limits wouold indicate a deeper partion of the Cambrian sea
when the sediments were being deposited. The fact that sediments
found below the Smith Point limestone on Trinity Bay are not repre-
sented at Manuels would indicate that sedimentation had been going
an for a longer time in the western portion of the basin than in the
eastern.. Whether there actially was a greater amount of sedimenti-
tion in that portion of the basin remainz to be investigated,

As very little infornsation is at hand with regard to the area of
the Cambrian rocks, it is quite out of the question for the writer to
attempt to outline the ares once occupied by the Cambrian Sed in
southeastern Newfoundland.  Moreover, it is likewise impossible for
the writer to ontline the original manganese area as it looked in early
Cambrian times. If manganese occurs on the eustern shore of Pli-
centia Bay, as all descriptions of that occurrence seem to indicate; it
would seem that the original ares of the Manganese was approxi-
mately 200 or 300 stbare miles, assuming a more or less obling shape
for the deposit.

Although the basal conglomerate at Manuels is evidence of a defi-
nite shore line for the Cambrian sea at that part of the basin, there
is also evidence at the other localities examined, where, however, the
basal conglomerate iz not found in any such large development.
There are littoral pre-Cambrian contacts at Topsail, Chapel Cove,
and Brigus; all with typical shore deposits.
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IV. DETAILED DESCRIPTIONS OF LOCALITIES

Masvers.—Manganese is found as thin Jasper-like bands of
green and brown color, as nodular beds, and as argillaceous and cal-
carepus beds interbedded with green and red shales of late lower
Cambrian age. This mode of occurrence is very well shown in
Marnuels brook close by the village of Manuels, The geographic,
geologic, and stratigraphic relations are shown in Fips. 1=3. The
Cambrian at Manuels consists in the main of shales with thin bedded
sandstones with conglomerate and thin limestones at its base and the
sediments show practically no metamorphism throughout the series.
The strike of the beds is N 82 E (true meridian) and the dip is 10
N. One of the best imeonformable contacts in the manganese area
is that in Manuels brook at Manuels where the basal Cambrian con-
glomerate lies upon the Huronian. For a more intimate acquaint-
ance with the manganese occurrence a somewhat detailed description
of the siratigraphy, lithology, mineralogy and petrography of the
manganese beds and their associated strata will be necessary and
therefore the individual beds of the section ( Fig. 2) will be de-
scribed in stratigraphical order,

210 A 1, Basal Conglomerate. The base of the Cambrian at
Manuels is made up of coarse conglomerate, eighteen feet in thick-
ness, consisting in the main of houlders and pebbles of igneous char-
acter., These boulders at the bottom of the bed. where the base of
the Cambrian lics.unconformably upon the Huronian, measure in
some instances twelve feet in diameter, but they diminish in size
towaril the top to an inch or less. The matrix, of an arenaceous
nature toward the hottom, grades into 2 more calcareous one at the
top where the overlying stratuin is 3 limestone.

219D 1, limestone.  This bed is a binish fine-grained to pebbly
argillaceous limestone of about 3 feet in thickness, The pebbles
averaging a fraction of an inch in diameter are angular to subangular
in shape and appear to be of igneous rocks.. Pteropod shells chiefly
of the genus Coleoloides abound.  Microscopic examination proves
this rock to be a semi-erystalline, fine to locally coarse grained lime-
stone. The texture is very suggestive of organic forms. being an
aggregate of elliptical bodies, possibly algal concretions [or ** copro-
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hite ooxe ™ similar 1o that described by Philippi from off the Congo
mouths—{. van Ingen]. These badies contain aggregations of car-
bemiite material, probably éaleite, which have no definite orientation,
The section abounds with pteropod shell fragments, partially re-
placed with calcite;  Caleite and carbonate material compnse the
greater portion of the section but (uartz oceurs as infrequent local
segregations and as irregular grains. Pyrite and hematite, as well as
a few pink and brown stained arcas which are possibly secondary
products of manganese and iron. are sparingly present. No analysis
was made of this rock but with the sodium carbonate and potassium
nitrate bead test a manganese reaction was obtained, This bed is a
bluish argillaceous manganiferons limestone,

219 B 3, overlying the limestone, is a brownish weathering olive
green shale,

219 B 4 13 a bed of red shale, the upper surface of which seems to
be limey. The upper 2 inches of this bed has a wavy structure and is
somewhat greenish in color. Microscopically the bed is found to be
a hematitic shale with occasional grains of quartz and thin rect-
angular laths of feldspar. Magnetite and pyrite are found as irregu-
lar grains in sparing amounts,

219 B 5. With a sharp contact, the red shale is overlain by a 1.3
foot thick bed of nodular and pebbly reddish blue limestone. Be-
cause of marked lithological differences this bed has been divided
into four <maller subdivisions which are lettered a, b, ¢, and d.
Subdivision a8 consists of about 2 inches of green shale which is
slightly calcareous. Subdivision b is a compact pinkish Imestone
contaiming pinkish or reddish mineral disseminations and occasional
fragments of hyolithid and brachiopod shells, Microscopically this
limestone is somewhat granular and erystalline, with ealeite as the
dominant anisotropic mineral. Ouartz occurs occasionally.  Flema-
tite as an fmpalpable dust or pigment is abundant, bordering hyo-
lithid fragments or as irregular accumulations. A fragment of
probably organic substance with a cellular structure je a COnEfIcHoNs
feature of the slide. Sponge spicules replaced by calcite are
noticeable,

Subdivision ¢ differs not very much from the two members de-
scribed but is nodular or pebbly and much more fossiliferous. Micro-



soa ]l CONCEPTION AND TRINITY BAYS, NEWFOUNDLAND. 381
scapically this rock is & very fine grained semi-crystalline limestone.
Caleite, frequenily twinned, s the dominant mineral with quartz and
chlorite in secondary importance. DBarite oceurs as occasional small
atdd large irregular grains,  Hematite is found bordering calcite
grains and fossil fragments or repl

ng them, and as irrepular aceu-
mulations. DPyrite iz found oceasionally., Certain nodular ar pebbly
forms, isotropic under crossed nicals, are, because of their fAineness
of grain, of an indeterminable nature.

A very noticeable feature of this section is the diversity of Hyo-
lithes forms, some elliptical and concentric and others eircular, either
entirely or partially replaced by calcite or hematite. The circular

forms measdre 287 mm. in diameter [ Fig. 4, Slide 250)

Fro. 4  Microphotograph of limestone, 210 Bse: shide 250 enlarged 22

diam. &8, yolithes with calate and chilorite: b, caleite: & quariz.

219 B5d. The upper suhdivision of this bed is of interest mainly

on account of the mineral agsociations iy the laroe nodules on its
surface, Differential erosional effects between the limestone amil
nodule have resulted in a greater conspicuonsness of the more resis-
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tant nodule.  The nodules, measuring as much as & inches in diam-

eter, comsist largely of argillaceous material, jaspery concentric

biands, blades of barite. pyrite and some disseminatéd mungani ferous
and ferruginous carbonate minerals which are surrounded by dark
areas. These latter are probably manganese oxide zones due to the
alteration of o manganiferons carbonate

Under magnification these nodular portions are

cofl-

centric and laminated in structure, with lammations red and green
in color, and of fine and coarse gram.  An palitic structnre, but with
the  spherules poorly formed, 18 fouml in combivation with the
banded structure.  Caleite occurs as somewhat elongated crvstals
and is the dominant mineral, Wherever the. caleite presents the
peculiar |_'l|1]1[-||:_'a'. andd errcutlar shapes mentioned on page —  an

oTEanic origm is immediately suggreded | Fig. g and 6, Shicle 2541

Fio. 5. Microphotograph of Timestone, 2tg Bed: slide 234 enlarged 22

diam. a; elliptical calcite agwregations: b ehlorite; & hyolithes

Cluarte is found as ieregrlar grains aml _.,.?;grl.:;.“'r”m Barite oceurs

[ -y : Iys ) 1
frl:l]!n SpArmgLy, Y ngy e apaue minerals; pyrme sometimes alter-
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ing to limonite, is most conspicuous and ceeurs as large irregular

grains and areas surrounding. fossil fragments and associated with

Fre 6 Microphotograpli of Hmestone, 20 Besd ) slidd 253 enlairged 23
dizm.  a; calcite; b, quartz} ¢ phosphatic ¥ nodnles:

more caleireons portions: Hematite (Fig, 5, Shide 2357) is found
in the more jaspery or laminated areas as irregular grains, aggrega-
tions, and spherules associated particularly with the green area which
for the most part is of an indetermimable character. Veins of cal-
cite are found cutting the nodule. As in the layer above, there are
found in this one (Fig. 8, Shide 233}, certain semi-isutropic nodular
areas or pebbles which are partially chloritized. i is very pos-
sible that these noduliar or pebbly areas are similar to the phosphatic
noidules of 210 A 13 to be described later.  These alter to carbonate
locally. Among the organic remains are fragments of shells, hyo-
tithes, trilobites, and sponge spicules, which in part show carbonate
A chlositic replacement (Fig. 5, Shide 234, and Fig. 7, Slide 257
219 A 1. Disconiormably upon the above deseribed nodular lime-
stone there rests about 34 fect of a hard, fissile, green shale.  About

FROC, AMER. PHIL S0C, LIV, 2230 AA, PRINTED FENRVARY 23, 910,
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Fin. 7. Micraphotograph of sponge spioules, 210 Hoa: slide 257: en-

larged 2= diam. & sponge gpicnle; b, Wematite ; ¢ calcite

Fia 8 ;"lt“.'?l"]l]ll.'!l.!'u'ri![lll of !lr.-'u_-ﬂnr”-. Ly H_:!!. alide 253

254 enlarged 22

dimm: &, calcite: b, phosphatic? nmterial
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5 feet above the limestone there are thin seams full of comminuted
fragments of small Lingulella, and H yolithes shells.  The upper part
of this shale is conspicuons because of the conchoidal fracture with
which it breaks and the presence of leeal ageregations of smmll sub-
spherical black nodules some of which show pinkish centers of some
fine-grained minerals such as rhodochrosite or manganiferous cal-
cite. MnO), occurs as small dots or a5 dendritic areas o the frac-
ture planes.  Microscopically, thie is a chloritic micaceons shale con-
faiting sparingly, among the visible minerals, irregular grains of
plagioclase, quartz; pyrite. magnetite and limonite in tlescending
order of abundance,

219 A2 is a nodular shale bed of .5 of a foot in thickness and
forming the sloping surface over which the stream rung, Thiz hed
15 noteworthy because of the Cryptozoon colonies showing an the.
surface (see Fig. 10). s

219 A 28, the lower portion of this bed, is a green shale contain-
ing frequent small subspherical nodules and disseminations of a pink
carbonate which effervesces freely and is in all probability 2 man-
ganiferous caleite similar to the pink nodules analyzed ( see page 395).

219 A 2b is the Cryptozoon shale bed and contains roughly con-
centric or zonal structures measuring 145 inches in dinmeter, irreg-
ular and subi-spherical nodules measuring 1 inch in diameter, and
intercalated lenses of manganiferous caleite, These nodular and
Cryprozoon struetures weather hrown. Scattered through the bed,
patticularly the shaly portions, ate blades of barite.

Microscopic examination of this Cryptozoon hed brings out nioth-
mg which can be said to be of an organic structure.  What struc-
tire there is may be characterized as broken veinous, concentric and
laminated. The texture in great part is crystallive. The greater
portion of one of the nodules consists of caleite and carbonate. PRar-
ite occurring as long blades is determined principally by the two
cleavages, ¢ and m, its Birefringence greater than quartz and its
biaxial + character., Chlorite either alone or in combination with
carbonate is found replacing barite, Calcite o carbonate occur as
irregular masses or as rudely formed or incipient spherules. Hema-
tite oceurs in the banded portions as more or less massive bands
interfaminated with chlorite or s rudely formed sphernles in the
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Fic o Detulls of lower portion of manganese zone In Manuels hrook
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Fio. 11: Mierophotograph ol section of Covptoroon. nodule, 210, Az:

alide 202; enlarged 22 diun. -, Terrugmons Tand by calcite.

Fic 12, Microphotograph of Cryptazoon todiles

barite being replaced by elidorite: slide 202 enlarged 2» diam. &, barite; b

chlorite; e Fermuginoms and ealcarcous shale

from 2 Az showing
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ground mass. These spherules measure as small as ¢ microns in
diameter but have an average diameter of between 30 and 40 mi-
crons (Fig: t1 and 12, Shide 292),

Frooaz  Middle portion of maigariese rone in Manuels brook.  The mum-
bers are those of the section,
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The paragenesis of mimerals within the nodules is as Tollows:
Caleareous or carbonate material with probably -synchronously
formed hematite, barite veining, chlontizmuon  replacement, and
finally calcite as vein or replacement material,

219 A 3 i5 2 green shale bed, 3 feet in thickaess, lving conform-
ably above the Uryplozoon nodular bed.  For the most part this bed
consists of a hard fssile green shale which breaks with a conspicuons

Fic, 14 }‘!"IH!I?H?:I".III
shale 210 A4, natoral sive

of manganese carhonnte nodules extracted fram
I'J.I".'. side and sectinnal FIEwH

conchoidal fracture, 3 inches above the Cryptozoon bed is a laver
contaiming fragments of trilobites which according to Prof, G. van

Ingen are probably to be identified as Protolenus harvevi. Barren
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green shale overlies this fossiliferons layer and this in tarn is fol-
lowed by nodular green shale containing manganifernus calcite
nodules, a description of which & given in connection with the
following bed,

Fia 15, Photograph. natural size of ground and polished horirontml sec-
tion of shale containing manganese carbonate podules from 200 Ag

219 A 4 i5 ‘a conspicuons rhiodochrosite and manganiferous cal-
cite nodular bed and may be considered the base of the manganese
zone at Manuels (Fig. 13).  Structurally this is a nodular and oflitic
bed, the former structure conspicuously ohservable macroscopically,
angd the latter, though not <o well defined a structure, observable
microscopically.  The entire bed measures 5.1 feet in thickness and
is divisible into two members, a and b.  The lower member, 219 A 4a
is a predominantly nodular reddish green shale while the upper divi-
sion or b member is not so nodular.
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The nodules of 219-A g are dizcoidal in shape and vary in diam-
eter fram 4 inch to 1 %4 inch, with an average of about 1 inch and a

tg inch to 12 inch.. The longer diameters
of the nodules he m the plane of the bed. Where the nodules are

thickness ranging frot

very numerous or crowded they dare found intergrown with or over-
lapping each other, Specimens ground aml polished oiten show a
lemmiscate formed by two nodules (Figs: 14 and 150, Incolor they
are for the most part green, but may liave greenizh, white, or pink
central cores.  Cross sections of the nodules reveal a distinet zonal

urrangement with sphencal central cores surroumded by concentric

Fup 160 Microphotograpl of manganess carbunate nodnle from 219 Ada
plide 288 enfarged 6 dizm. a. carbonate of mangapnese, Tme and TITAMTIESIA |
b, barite; g, barite replaced by chlorie: d) shale.

shells conforming to the shape of the nodule. The grain of the

nodules is vsually exceedingly fine, impalpable or erystalline. The
pinkish cores are usually crystalline and respond o the HC1 test
quite readily, indicating some carbonate mineral. By analysis the
green nodules are fornd to consist essentially of thodoclirosite (see

Anal. B, page 3035). while the pinkish crystalline mineral pecupying
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the centers of the nodules or occurring as intercalated lenses or
nodules in the nodular bed is found to be essentially a maganiferous
calcite {see Analysis C, page 305)

L

Fra. a7, Microphotograph of ‘esalescing nodules from 2t Abc: alide
243; enlarged 4 diam. &, carbonate of manganese, etc.: b, odlitic shale

Further macroscopicil examination of the nodules shows the
presence of barite blades within the central portions of the nodules or
disseminated throwghout the nodule of jts shaly mairix. The char-
acteristics which determined the harite are its ¢ and m cleavage, its
hardness of 2 and ite diaphaneity. Iis optical properties confirm: it
micrascopicilly, Pyrite is found sametimes completely surrounding
central cores af irregular and comtinuous grains, The surfaces of
the nodules usunlly are covered with minute pink or reddish dis-
seminated grains which upon microscopic examination are found to
be hemnatitic spherules

Thin sections of these noduales, on the whole, are not satisfactory
for microscopical work because of the almost impalpable fineness of
the grain, However 20me of the larger features may be of interest
amd importance,  The structure s nodalar and concentric and some
of the concentric shells are oolitic. In all the thin sections of
nodules the most conspicuous feature is the ronal arrangement of
erystilline and indetermimable portions. The crystalline parts
usunlly occupy the centers of the nodules while the mpalpable or
indeterminable areas are arranged dround the centers (see Fig. 16,
Slide 288)., However some of the corez consist of indeterminable
material, The tones are sometimes marked off from each other by
more or less sharp contracts as brought out by a difference in shade
of color or by an apparent difference in grain (Figs, 17, and 18).
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The exterior zones merge imperceptibly into the shale, a fact which
has some genetic significance.

Fic 18  Microphotograph of two munganese carbonnte nodules from 209
At : alide 237 ; enlurged 8 diam.

An incipient odlitic structure with spherules of hematite is com-
mon to the outer zones of the nodule and shaly mainx.. The spher-
ules o not a= o nule show dny well-developed zonal structure nof are
they of very regular form., They vary in diameter from 6 microns
to 77 microns and have an average dinmeter of about 24 microns.
Not infrequently the spherules ¢onsist of hoth carbonate snd hema-
tite, the former preserving a radiating structure and abounding in
the more ¢aleareous portions of the specimen, while the hematitic
spherules are more common in the shaly parts,

Among the determinable minerals are calcite, which occurs as
anhedral grnins of variable dimensions in small ::r}",t.'.llinu Areas, m
veins, or as replacement material after organic remains such as sponge
spicules, etc. Carbonate material for the most part specifically inde-
terminable makes up the greater part of the slide, Barite 35 found
oceupying the more centril portions of the nodile in some sections.
Quartz as irregular grains occurs only in sparing amounts, Pyrite
is present as large and =mall lrregular grains and masses,
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The analyses of the green and pink nodules are as follows:

Anarysis B Axaymez B oo

Green Noedules, Recaleulafion,
BN ey i S e 8 A 1031 MuCOy ..imenrinsasrannrenss 50
Felly .. 735 MnD ... 7.30
AL, . 368  CADD, _iepramisceitediansenss 1001
MuO ... Ayl MCOy cvvseiimiiaaiiieis (379
Cal) .l ol BIOG essussesimmsememn puem 50N
Mg .. o : T & TR ——— .
BaSDi s irpragmianrnsrasnnns 643 HOD ..cvrinrnmramee-nisnisn-s  E5T
HO ... - . 2B Faly viesieieniiaveviimmarena Tud5
[ o R F= B SN A asat  2HLOALD2SI08 oinibaieicas BT
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Pink Nodules.
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100,02

The pinkish crystalline mineral which exhibits a rhombolhedral
cleavage, has a hardness of about 3, effervesces freely with HCl acid,
and, ‘with the above composition, is essentially a manganifergus cal-
cite. The excess MnO probably exists as u peroxide of manganese
as indicated by the considerable amount of chlorine which was given
off while the sample was being digested with HClacid.  As no thin
seetions were made of this specimen o petrographic confirmations
van e maile,

The upper subdivision of 219 A 4 (219 A 4b) is a greenish and
reddith nodular shale bed measuring 2.0 feet in thickness and divis-
able into three roughly distinct portions.  The lower part, 219 A gb 1
is a greenish red shale overlaid by a reddish shale with occasional
small nodules measuring about 14 inchin dinmeter ( Fig, 13, and 19).
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Fie . Midddle and upper portions of manganese sone in Manuels frook
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Under the microscope a thin section of this bed reveals Tiematite in
the form of a pigment and as grains and jll-formed spherules,
while local areas of carbomate are found, The upper member of
this bed, 210 A4b 3 15 5 red shale conmining small subspherical and
tiscoidal nodules quite similar to those deseribed iy detail above
219 A5 s a nodolar ferruginous shale which i caleareous and
mianganiferous, The shaly structure and the manganese are brought
outin @ conspicuous way through wesithering : the manganese hy the
black discoloration in evidence as one of the derived oxides.. This
bed has & thickness of .2 of a foot bt thins and thickens. presenting
a lenticular appearance.  The nodules, or possitily pebbles, are suli-
spherical in form, dark green in color, and of impalpable fineness of

grain. They resemble those alrendy described in comnection with the

Fig, 21, Photogragh of
carbonate-oxide are frim 21
¢, barite.

polished  vertienl seetion of banded TANEANEsE
AT, mamral siee. & greco band; b red baml
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210 B 5 limestone and those about to be deseribed in beds 219 A 11
amd 219 A 13, and are probably phosphatic pebliles in compostion,
The minerals in evidence in this bed are hematite, caleite, and barite

Thiz bed is indonhtedis 5 mangani fernms ed as shown by the nxi-

Fin, 24

carbonate-oxide ore from oig Ay, matura] sice &, red hand ;b hrown hand

Photogeabh of vertical polished section of banded - manganese

dized weathering products.  The bed as a whole resembles 210 A 11
which to all appearances is suggestive of minerilized reworked
miaberiil,

219 A 6 is somewhat finegraimed and gritty rei shale, meaxsuring
g w0 o5 of a foor in thickhess,

219 A7 is the main manganese-bearing bed, measuring 7 of a
fowt in thickness. This bed is of more than usnal interest in that the
manganese geeurs as primary carbomates and oxides in the form of
thin jasperlike bands of green and light chocalate brown color,
and as lenticles, and nodules.  Interfaminated with the jaspery bands
are reddish bands with manganéese ezsentially in the form of an oxide
and n carbonate (Fig. 20, 21, and 22}, This bed has been divided
into three layets, a, by and ¢, The lowermost or & subdivision is the
reddish band which iz essentinily a manganiferovs shiale, 1t is nodu-

FROC AMER, FHIL. #0C., I3V, 350 I, FHIRTED FREERLTARY. :5_ 1gre,
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ate and oxide of Mangancse.

as noilules, lenticles,

i the red hand, whether

Contmiidns or non

continuous bands: they present or suggest concretionsry chardcter-

tsfics.  The -red bands are locally

pyvritiferons and haryic e
shale vecupies the greater portion of the bed

"I.|||. r||_-u.'|4|:1'i|' |_"\.I.l||i1'|:itlli!|- i ‘-i'-i' T'.'II I-.I!'u| b

other than that it is distinctly hematitic with the hemante

1% & [mETHNent uTr 2s Irre

o

lar accumulations

B & Vel on
T w11il
| Fig. 23, =hde 2

Fm, 23

atg A7 alide 276 enlarged 9.5 diam

Microphotograph of bapded manganese are with bty

b, weeen land

redl bamd

e chemiedl analysis of thie hand fs as follows:

Axaryele F

Ked

lFands

Warysis B

Feealrwlolan

Foam

i), ot Mall . 10971
Fe ), 422 MnCO - i
Fel) Ly MaeCi = 3
ALO, . b CalO = £ry
Munty ho3  Ca,(PO,) 1031
Lall FET Silch, 1044
Mgty 140 H,O o 1By
PO, in THO-ALO, 251008, - Feld b
.0 473 Feid, 4
' ‘II : = EF s ::"

(LCARE



19t4] CONCEPTION AND TRINITY BAYS, NEWFOUXDLAND, 401

Of most interest in connection with this red shaly band are the
jaspery bands of green and brown carbonate and oxide of manga-
nese.  Where in bands, they vary from 3¢ inch 10 1 inch -+ in thick-
ness and may be continous.  The contact with the red band may
be very even or very undulatory. This wavy character may he
present whether the band thickens or thine or is of the same thick-
ness throughout. The brown and green jaspery bands may contain
thin laminee or nodules of other colors.

The green material iz characterized by its chaleedonic and some-
what waxy luster, its transluceticy on thin edges, its hirdness of 5 to
6, its specific gravity of about 313 (that of the green nodule) and
its slight response to HCL

The chemical analysis of this material is as follows:

Axaryag A, Axavss A L
Green Band Recalewlution.
L T e RN R * (" (' 1 4430
FelD, SSRGS = T 1. 208
Fe() 51 S, § AT T e i s 2001
ALO, - B MgCO, = 431
MniD . 2553 P v ismecenne s R e 330
Gal i B30 B0 aeeaeraarriineneanes 86
L R e e 230 HLOCALOESID. L Fel || 1Ry
FRE): anvin o simvn s sk in il ag8 00 2%
o 28,06
100,00

The green band so very similar chemically to the green module
already described in connection with the nodudar bed lower down in
the series, is in great part a rhodochtosite in composition but has
in combination, in descending order of abundance, coniziderahle
amounts of calcareous, argillaceons and ferruginous material. Man-
ganese not combined with €O, probably exists as some oxide, prob-
ably a peroxide, as considerable chlorine was given off by the sample
when first treated with concentrated HCL  Other features hardly
need any explanation.

Thin sections of this band are very unsatisfactory in that, be-
cause of the impalpable fineness of the grain, little can be seen out-
side of structural features and certain opaque minerals, chiefly
hematite.
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The brown band differs in chemical eomposition, in color, und in

specific gravity.
specific gravity ds 3.32

The coloris & light or dark chacalate brown

The

The chemical compasition differs mainly

in the higher percentage of mnnganese, as chown in the [ollowing

analysis:

Axavves D,

Axarvss L g

Bravew Nl Revaleulgtion

S s e e ad ba AT T may Ml raasmicimaclieisa = 2o
Pl avivinmmaspisisass o s 32 la!n.l.fl'.:hI ik L e N s n e TR0
Fol) ucervernionnonsrnanness 28  CaCly . o 1g
. N - ¢ . [ o S .
MDY - e i s s aBO ’L],D 2*]1{1 Pt S TF
|1 0 (e m d ey e . Rar Sy =" 4D
0 g 6 R T I I F-:;l‘.'}. ..................... [ &
Hy) csincsijssvamaperyrrsyes £31 o048
i S v o . 21l

100 En

Members b and € of bed 219 A 7 differ from the subdivision just
described in the greater abundance of jaspery bands in comparison
with the red shaly band and they show greater continuity on the
whole.

Member d consists of green and brown jaspery bands all more or
less nodular ‘and interlaminated with the red manganiferons slile
Barite as segregations, dissemtinated blades, and veine occur infres
quently, In the weathered portions of the section this bed is fonni
altermg on its more exposed structural planes to the secondary
oxides of manganese such as psilumelane, efe,

219 A8 is a purpiish manganiferous nodular shale measuring 0.3
of a foot in thickness, Tt contains lenticles and discoidal nodules
of the green jaspery muanganese earbonate (Fig. 24, Shde 2%4),
The noticeable microscopie features of a thin section of this rock are
its nodular, odlitic and shaly structures.  The spherules, though
rudely formed, are of either hematite or 4 carlonate, the former
more closely associated with the green jaspery structures, and the
latter with the red shale.

219 A g is a manganiferons bed structurally, mineralogically, and,
presumably, chemically, analogous {0 210 A 7, and measuring .5 of &
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foot in thickness. Green discoidal nadules of manganese carbonate
and the green, brown and réd mabganiferons Hands similar (o those
of 219 A 4 are a conspicuous feature of the bede A thin section
from one of the nodules of this bed collected durimg the summer of

12 shows, aside from the nodolar form, conspleuds zonal and

Fuszg  Macrophotograph af red shale from 2o AR slide 283 enlarged
3 diam. & hematite aggregation ; X, sphernles of hematite

oolitic structures:  Forothe most part the gran is impalpabile, but
that of the core & more or less erystalline. There are five pro-
honimeed  parts consisting of a crystalline jnmermost core, No. 1,
which in a great part is composed of carhonate. presumably thar of
cileium amd mangancése though nothing of a definite confirmmtory
nature coull be observed, and 4 successive enveloping shells differ-
entinted from each other by either the presence or absence of hema-
tite, the sliade or intensity of color or by fineness of grain, The
oolitic character of zones 3 and 3 with spherules consisting in great
part of hematite and measuring as small as 12 microns aud as large
as 90 is very noticeable. Lavers 2 abd 4 1 a great degree consist of
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indeterminate material (Fig. 25, Shitde 244). Anisotropic minerals
in this section arve not comman bt those most noticeable are calcite,

Fra 25 Microphotograph of nodull, from =i AFy alide 2491 enlargel
0 diam.  a, outer zone of manganese carbonate : b eare of cryatulline wman-
gaticse carhonate

barite, and chlorite, the latter being usually associated with the
barite.

219 A 10 consists of 3.5 feet of alternate lavers of purple and
green dhale which contain thin nodules and lenticles of Jaspery mtin-
ganese carhonate, some of which metsure 1. 3 feet o length and o.1
feet in thickness,  The lowermost subidivision of this heid, 210 A 108,

is a dark reddish-green heavy nodular and eolitic shale with nodiiles

very similar to those deseribed above. Dizseminated minmue redilish

minernl particles suggesting hematite spherules are foumi CHmINg
the nodlulés in sonie cases.  Barite occurs oceasione illy.

Subilivision
b of this bed is composed of 0.z

of a foot of green aml red lenticolar

manganiferons seams with green Jaspery nodules, similsr to those in

the lower beds, interlaminated with & hematic odlitic shale,  Subdi-
vision ¢, measuring 0.5 of a.foot in thickness, is a dark gray odlitic and
slightly nodular shale with green jaspery seams. Barite hlades necur
with nodular accumulations of manganiferous calcite, Microscapie-
ally this layer is essentially & hematitie oolitie sh

ale with the indi-
vidoal spheroles me

asurmg from 15 10 23 microns in dismeter while
larger aggregations of spherules measure from o,

53 WL 10 0,337
nun, in dinmeter,

The spherules consisting of hematite arid ear-
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bonate are found in a groundmass the character and composition of
which s for the most part indeterminable.  Cecasional pyrite grains
are found (Fig. 26, Slide 289,

219 A 10d, the upper subdivision, consists of 0.3 of a foot of
nodular and odlitic dark gray shale with thin jaspery manganese
carbonate liminations,

Suliliviston @ is a dark green nodulnre and oalitic shale, 0.8 of 4
foot in thickness and not very different from the laver d just de-

Fie zh. Microphotograph of odlitie manganiierins shale from 210 Aec;
slide 280 enlurged 2z dinm. a; hemante sphergies; b shale with dissemi-
nateld hematite

seribed, minl f—is 2 course nodular seam, 0.8 of a foot in thickness,
in a dark green shale, comprising the uppermost portion of thia hed.

210 A 11 is a heavy tough redidish band, 0.5 of a foot in thick-
ness and lithologically very different from the inmedinely over-
lving and underlying beds. TFor the most part, the structure is hotly’
somewhat nodular and odlitic. The general fragmentiry nature. of
the fossils and af certain nodular or pebbly forms leads one to think
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that this layer consists in some degree of reworked material, The
suriace of this bed showes ripple marks. The predomimant constitu-
emi= which a mocroscopic examinavon affords are culeite, barile,
argillnceons material, limonite, manganese oxide, and pyrite.  Out-

-.'ir!r of the n-pr'lnf:'.r, ll".'Eil'il." anil I-r.|3:I|r|-111.r:'_-L' I'l];:".":ll"[!":" nf the 1:'|._':.'|."-r,

Fra. b 7 !lul[!Ll'rIJI|I|.1|.|;_'J'.'|1||'. of  mareaniferone

ted shale from a0 Attt
slide 277; enlarged 22 diam.  a. caleite veing b, hematite sphirruke

very little additional information coniee fming this peculisr rock conld
be gained microscopically (Fig. 27, Shile 277 1. The sphernles are

of two kinds; hematite and carbonsie, ani they average abant 48

microns i diameter.  Non-Terruginons pottions of the slide <how a
groundmass of such fine-grained green material tu viery Titile canld
he made of it.  Hyolithes, sponge spicules, and shell frapments

partially or entirely replaced by ealeite gre a noticeahle feature,

Barite as scattered blades partially replaced by chlorite and pyrite,
]1|~|T|.'|.|:f'll- ns ﬂ"l!.' *nlii{'f |.'|::|]'_|:-'ut'-|11H._'||_1 ol ['||:_ b“]nrul.-;r
the most abundant of the determinilile

[ Fig. 28, Slide 278),

anl carbonate are

canstittients- of the shide
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The chemical analysis of this reck i as follows:

\xasvms F Axatyais I

zro A 1> Kecaleulanio,
H 0 A R H P : 1842 Mnl ... Tk h . (S
Fely .. L . cawes B33 Mal0, T
AL - . vonea 7% Calll : ; ) 1861
MrO e eimrerrmgmanese 2044 MeCO, ] 1nry
Chl Loreossovrsrrscbiananac= B4 DlPORY, gresctiiaicape=5s 2,20
:“!.:'.-" FEeEs T - cwann 51 E L iR et 0.
i VR e aeds A0 Sl o : 018
H,O el w o ve 238 SHLO-ALD, 250 PR [1:1
Co, PP § B . Ty

josRE

This=hed 15 essentiallys g manganiferons arpillaceous dolomite
with considerable pereentages of barite, henmmtite, aml phosphate, It
wonld' seem quite  reasauable to suppose thar the  pliosphate
Ca( POJ, exists in the nodular portion:as we have found 1o be the

case i the noltles of e ] [ :j ta be described Inter.

Fii 28  Microphotograph of eod mangmiferons shale from 216 At
slide 278 enlarged 22 dinm, ; showineg hematite sphertiles in a groudmags of
TEL PG S carbonntie,
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219 A 12 is a fssile green zhale measuring 1.4 feet in thickness
with conspicucus black nodules which on weathering heeome white.
Because of the similarity in form and enlor with those of 2009 B 5,
A5 A, amd those to be deseribed from the bed immedintely above
this-ane, the suggestion s made here that these nodules also may be
phosphatic,

219.A13 is a phosphatic nodular manganiferous calcareons shale
bed, r foot thick, with the nodules common in bath bottome and top
partiots of the bed (Fig. 2a).  The nadiles beeause of thetr whiite

Fug
lar shale seam, 210 Ara: natural size
trilobite fragments

. : ;
Photogragh of a polished vertical section of @ plisspliatic podi-
8, phosplatic module s b, shale with

weathering and subspherical to clongated form resemlile those of 210

A1z, A, A5, and B s In chemical composition the nodules of

this bed resemble thise from the Cambrian of ‘soutliern New Brons-
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wick described by W. D. Matthew (15). The chemical analyses of
the Manuels brook and the New Brunswick phosphate nodules are
as follows:

Asarvers H,

Afanusly Braok, N, F, Hanford Brook, N B.
S cesrrirmpervassnivenssy 25, Ny Geevera | srvevannan pranie s TN
P o AU - SEY. {  » 'R | ¢ |
F:,_Lﬁ.. ....................... T i g L. 1) PN S PN Pl & 1 1 |
Cal) oiiociiciiiniditenides 230 B G i i 2805
L I B cisicssiasinraiesreens EH
Py eesrssnramproenseenesmsnsn A7ER MDD conernasrssrzosismamess 2
.2 1 o SRS (SR 1. ; ST - & NP | = |
Oy Siiaicicias TP A @y By ol Sl O g
G300 2 1 [ L e A R e 343
...................... 344
o, v 353
100l

The similarity between the perventages of S10,, Fe0,, Ca0 and
PO, of the two analyses is at once very noticeable and at the same
time very suggestive, It is hoped that at some future time, work of
a correlative nature may be taken vp in connection with these inter-
esting and genetically problematical nodules. Among the macro-
scopically observable minerals in the {resh and altered rock are
p}'ril_\"-. hemafite, limonite, wad or psilomelane, and vivianite in an
argillaceous  dolomitic groundmass. Hyolithes fragments are in
abundance.

As no apparent manganese was observahle in the considerable
thickness of overlying green shales, 219 A 13 was comsidered to be
the top of the manganese zone at Manuels Brook. According 1o
Prof, van Ingen the Paradorides favna hegins in these shales which
immediately overlie the manganese zone.

Torsar,—The manganese at Topsail some 4 miles cast of
Manuels (see Figs. 1 and 30) oceurs interbedded in steep northerly
dipping (50° to 78%) lower Cambrian strata consisting of shales,
limestones and sandstones, The manganese is found in several beds
of which only one measuring 14 feel in thickness scems to be of
sufficient importance to have warranted prospecting, as shown by
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some apen cutting.  This is a carbonute-oxide ove of manganese of
brown color and vitreous Inster.

Naot only does the character and structure of the manganese at
Topsail differ from that of Manuels bt the section shows some

Fie 30 Photograph of the open ettt with the numganese prospect tmmel
at Topmil; Loc. a0 £

lithological variations. Moreover the rotks of the section are very
much disturbed with the rapid changes in the dip of the beds. The
structural changes in these beds are no donbr due 1o the great fanlt,
the plane of which passes aliout 300 feet eust from the manganese
zone with A strike of N. 13 E. and a vertical dip.  The fanlt plane
lies between the Huroman and the lower Cambrian, and the beds
immiediately adjacent ure considerably disturbed 2l =0 1o a lesser
extent are those farther away,

That a better idea nmy be obtained as 1o the relationship of the
manganese, the following general and local stratigraphic sections with
descriptions are given. The generalized section as workel out by

Prof. van Ingen and Mr, A, O, Hayes during the summer of 1912 is
as follaws:
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s Mumbior

210 F to Brown shales with munganese ot base oo iiannain Open cut
9 Brown shales with limestone at base.
8 Heavy limestone

h
7 Shaly Hlimestone .. i iiiicirmisibrsmimamransrasrs W0
- Brown sandstong with Timestoore nodules ooocoiiiiais 30

3 Fine and coarse sandstone with small limestone m:-dnlﬂu Eafh

3 Much shearcd hrown shale with lmestone nobiles sl
manganese Ak Base oo cvsiavarimmssniegmirrrrnrnrrreny 0

3 Mouth of tuine] and rotten pote . ..oooooiiipiae IR0

8 Conre SaRlAbONE _ .. fsremrecaisssimianhsnisaamiiassns O

1 ShEEr O ca il aksskrisss b b amanaraansrrednnans O VO O

o Prosllambrin veisvvvivinmrisisarmaniibsnnss s sidr i van0

It #s quite apparent from a study of the above section that the
lower Canibrian at Topsail is in many respects similar o that of
Manuels, The absence of a basal conglomerate and the presence of
sandstone are the most striking features of the associated beds.
During the summer of 1013 a more detailed study of the manganese
zone of 210 E 10 of the generalized section was made and the
following sulidivisions were made:

L. Number. a0

a6 E * Green shale, badly hroken,
6 Panded, e¢oncentric aml podolar shale ooiooieriadiiasmraianie T4
5 Green shals, hadly aheared o..oocmenicerdasiiiaiaizienrzaes BF
4 Manganese oxide-carbonate ore ...... P e ——— | |
3 Broken nodular green shale with manganese sain coooveroenro-. 07
2 Calcareous manguniferoms shale c.oooeeianiirinerammroimsr o - . |
1 Hard nodular olive green shale, h.'ll“j' w-.ul]:erﬂl wnd sheared
with manganese stain,

Of this series two beds, 210 E 4 and 6, are worthy of more de-
tailed description.

219 E 4 is an oxide-carbonate ore of manganese of 1.4 ft. in
thickness, Tt is irregilarly banded and podilar, of chocolate-brown
color, somewhat vitreous in appearance and argillaceous, with a
hardness of 5 to 6 and specific gravity of 3.26. Disseminated
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through the are are brregulnr small area< of a pink carbonate re-
sembling rhodochrosite in physical chamcteristics, and barite. The
ore 15 merusted with pillomelane as oan oxidation product,  AMicro-
apopic examination brings out # coarsely banded and nodular strue-
ture with a gronndmass of indeterminate materinl which is for the

most part homogenpcous to dll appearances and of lrown color.

Fio. 3r  Microphowgraph of barite sheal in masnganese oxide-carbonnte

ore from 2190 Eq; wlide #6g; enlorged 23 dium, &, barite sheaf : b, tnunganess

nxitle-carhbanate are,

Ihe color of this ore is due to the brown and hhick axiles of
manganese and iron.  Conspicuous among the nrisotropic mimerals
are barite which occurs as blades or bundles of llades Fenernlly
replaced by chlorite, and caleite, all very much discalored by the
manganiferons and ferriginons oxides.  Minute veins of |Ii.:ru-lh.-n:41
calcite are present (see Fig 31, Slide 26a]

The chemical analysis of the ore and its recaleulation are as

follows:
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Awarvsis §L Awvarvais [ 1.

20.FE 4 Recalenlation,
SN oicabiraagrascaaaeaa B80g M0 Coaaiiismisiaiiiieess 325
Faldy i mesaniiimaee #82 MR Goorseicimiiiiranne 122
AR iaceiisaarinrrninaninnes  BEE | EROQ, mssprresimrsivesspaann 400
.7 171 & I | £ . | [ il R ——. T . -
CA0 onvrvrmrerenonnracoaenee 238 SHO) vovversrazasenosomamiieas 1032
Mgl Clcraninannn GUGATE Eg BaS s s risiniininenddt San
BaSl aaceimeraridatisnndir 50| FAER casassissassenmnsanees ) e
OOy ciciicencerermiirr=nsess B3 SHO-ALD-ZS0; veeennsnsann 3030
i semagesmectensmsnsrerrs it TR ppumpperranrmysambeeron=k, -S4
07.03 9674

This iz essentially & hvdrons oxade of manganese with consider-
able amounts of argilliceous material, rthodochrosite, silicious
matter, dolomite, barite and hematite in descending order of
abundance.

219 E 6, not a manganese ore bed, though manganiferous, is
of interest mineralogically and petrographically. In structure iis
concretionary and banded, nodular and microscopically odlitie. Tt
is essentially o caleareous, ferruginous and manganiferous nodular
and banded shale (see Fig, 32).  Under the microscope the greater
part of the groundmass, isotropic under crossed nicols, is of inde-
terminable composition simulating phosphatic material.  Of the
anisotropic minerals, calcite is most frequent and occurs with other
carbonate material in bands which show an oolitic structure.  The
individual spherules, subspherical 10 elliptical in form show cither
concentrie or radiated structure, the latter showing an interference
cross with crossed nicols (Fig. 33, Slide 272). Calcite frequently
has the curved twinning planes indicative of strain,  Barite occurs
in narrow veins or bands, as disseminated blades, or as sheath-like
blades or aggregations. uswally being replaced to 3 greater or fess
extent by chlorite and in a few instances by pyrite [ Fig. :34. Slide
272). The spherules comsist of hematitic pigment, carbonate and
chlorite. Because of the frequent association of chlorite with barite
ane is led o suspeet that possibly the chlorite spherules were
originally of barite which his since been replaced by the chlorite,
Other spherules made up in great part of hematite, sometimes show-
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Fic. 33 Microphot L nlar ahale from 209 Eb;

slide zra: enl 1 38 te shale: b, carliosnate caleite
band ; e, barile; 4, pyrite

barite with chlorite replacement [rom: 219
g, barite: b chilorite replacng hor

IRUAEY 25: 1010
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ing carbonate centers, are found most frequently in the jaspery

bands. The spherules vary i size from 12 to 120 merons b

+ averare diameter of about g4 microns

Ihe chemical analysis of this bed, with its recalcalation, is

follows:

sy B2 OA, Ieeraleulintio
S0, | Hf -yt e u'n' . TRy MnU0) T ! 1559
Fed) e cassaesn MG Ll ‘ . " &0.00
ALD piesmenammnness Lg5I MeCly, e = g e e Y 1057
Mnl) == " {4 N &, Fel(), -
Ca crdiata BTy okl a4
M) ; o ooy Ca (PO, 173
P .71 St - e .20
CcL), . e e o1 2HOCALD, 250 ' £ 38
H.O | = 2.0¥ oo 61

Fram the shove analysis, this rock is essentially @ dolomitic

manganiferons ferrugmous shale with considerable amounts ol
Ca,(I'O,) Amiong the microscopically obzervable minerals m' the
above recalenlation are ealeite, bemuatite, quartz.  The nodular por-

tions, wsually isotropic and of ex¢ecdingly fine grain, are probably

Fiie 35

Photograph of manganese proapect adome e Kelligrews: high-
way just south of Long Pond ; Loc 200 ¥
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in great part shaly in composition.  The nodules of this band
snggrest a very possible analogy to those of 219 A §, 11, 12; 13, and
B3 Inas much as this bed is somewhat phosphatie, the phosphate
in all likelihpod is pssocidted with the nodules, ns s the case with
the nodules of 219 A 13 of Manuels. This bed is structurally and
mineralogically quite similar to 1he phosphatic heds of Mamnuels.
Loxg Poxp Skerion —About 214 mites sonthwest of Manuels
and west of the railroad and wagon roud (see Fig. 35). manganese
secitrs, in-a low cliff, as nodular and banded Tayers interbedded with
chales. Though the munganiferous heds at this locality are con-
sidernbly more oxidized than those Maniels, the occurrence os
whole is similar and it is necessary to present the section with only
brief macroseopical deseriptions of the important beds ( Fig. 36).
Lo, Womler, 4]

21 F 10 Glacial mantle
o Manganiferous green shale,

£ Phosphatic nodulnr manganese shale ..o 10
7 Mangsniferous nodular snl lentienlar green shale ... e w50
6 Banded nodulir 0re .ocoiiesasmiraresiasiassias e e ragnna) il
5 Fissile green shale o.ooaon. S ety . .

4 Manganiferous bunded ore ...

IR P T I gy N =+
g Massive nodilae greenshale .ooiiciomioiiianiaessazasies @0
3 Nodaotar shale ....0a e e W3 T s T B R o et fuiy
r Heavy green alive shake o ooiieeiaanans AP <

219 F 2 of the nbove section corresponds quite closely to the
tower nodular bed, 21y A 45, of Mannels (see mge 302), chicfly Ie-
cause of the presence of abundant discoidal-shaped nodules identical
with those at Manuels. The nodiles have altered for the most
part to & wad and clay, some having secondary manganese or white
clay centers and ¢lay border zones and others with limonitie green
glay centers with secondary manganiferous clay border zones, The
weathered nodules are very abundant, )

210 F 6 is a heavy manganiferous bed composed of severn! 44"
to 3 red, brown and green manganiferous seams separated by thin
nodular shale laminations that are now red. [t is quite nvidm:ﬂ that
this bed is & continuation of either 210 A 7 or 10 of Manuels. The
interior of some of the weathered nodules is o red and green

midu'nl clay. The manganiferous seams weather reddish and
greenmih,
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219 F 7 is probably 4 continuation of 219 A 8 and ¢ of Manuels
inasomich as this bed is nodular and has many lenticular and con-
tinuous jaspery seams of .3 mch to 1 inch in thickness alternating
with %4 inch to 1 inch seams of reddish manganiferous shale

219 F 8 from its similurity to 219 A 13 of Munuels may be de-
seribed as a phosphatic nodular manganiferons shale with the man-
ganese in evidence as some hydrous oxide.

Coarer Cove Seeriox.—The manganese at Chapel Cove, of
inconsiderable amount, occurs i a very much f(aulted series of
lower Cambrinn lintestones amd stuiles as alterarion products on
wany of the structural planes. 1§ it were not for certain lithologieal
analogies with the deposits just deseribed it would hardly seem
necessary o give any detailed description of this deposit becanse of
the small guantity of mangancse present (<ee Figs. 1 andd 370

Fin 37, Photograph of the section along the sliore at Clmpel Cove near
Holyrasd, Lee. 213 C showing the mamagonéss tone ar (m),

The penerilized section as worked out by Prof. (. van Ingen
andd Mr. A. O, Hayes during the sutnmer of 1912 is as follows:

Lo, Number, L
213 C 4o Dive green shinle
b Alermate pink yers with small Llack pebbles manganese fayer 3o
g Olve preén alinle, sheared ner ol

C3 Nodular linestone and shale e 240
7 Argllaccons rod lwestane amil alternating hales AU .
fi Rid shaly limestone N TPy T T R T T Y [£.10)
3 Red ahale ...ovvvevewrenssgtbamsanssnsiaiss ol : 8.0

D% Heivy reil Bmestone o.o-..cimcricmisrossssbsscsmnneniorassss 100
6 Wed shales with limesione
£ Roed gl green Nimestone
4  Green limestone
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Ez2 Gray limestane,
1 Conglomerate with peblblés of syenite, black ehert and Timestone.
o Syvenite

Cz - Agglomerate.
i Rihbom shates.  Comeeption slates (Horonian ),

The zection represents the stratigraphic sequence and the locality
numbers indicate the position of the layers. Cuoting Prof. van
Ingen in regard to this most interesting locality :

“Tt appears 1o me that we have heére the remtnnt of 0 sgueesed syri-
cline, the northern margin of which has beon shoved far northwardly onto
the underlying agglomerate and rihbon slares”

213 C 4b was studied more in detail by the writer during the
simmer of 1013 in the hope that some more definite knowledge
might be gained on the occurrence of the munganese at this point,

but without very mmch satisfuetion. The subdivided manganese
bied is as follows:

Lot Nambar.
13 Lgc Finely bandeldl nodular bed,
b Fractured and shidkensidod green shale
23l 4u Black sodular ealearcous green shale with manganese stuimmg,

La XNodular ferrnginous calcareous green shale with manguness stains.
a2  Fractured and fissile shafe.

i Manguniferous calcareous green shale with hematite and prite,

In as much as the manganese was nay visible 1o any great extent
m its primary form throughout this spial) serics of 3 to .1 feer no
analysis was thought necessary. Two of the above beds, 213 L 3
and 213 L. 4 are worthy of macroscapieal and microscopical deserip-
tions because of marked lithological resemblance to certain of the
rocks 1t Manuels,

213 L 3 is u nodular shale with conspicunts calcareons ferru-
gmous and manganiferous aggregntions aml jet hlack pebbles or
ngduiar forms, Al structural and divisional planes of this bed are
conspicuously stained with some secondary oxide of manganese,
probably & hydmted oxide such as peilamelkine,
amination of this shale hirings
nodular and oilitic and that the

Microscopical ex-
out the fact that the structure is
rock g a ferruginows chloeitic shale.
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The grommlmass consists of chlorite and, for the most part, of an
indeterminable material,  Calcite occurs as an aliemtion product
or as z constituent of the hematide spherules, Cluarez is found
composing infrequent ageregates and as vein-filling material. The
opagque minerals other than hematite sre manganese as psilomelane
ar some other secondary derivative, pyrite as disseminations, anid

Fui 38 Photograph of manganese prospect on Drigus Sourh Head ; Lo
217 Aazt o) oxidired muinganese beds b, green shale

limonite as a yellow staining. The spherules are for the most part
hematite in composition but carbonate is a very common constituent.
The diameters of the sphernles range from 21 to 159 microns but
average around 44 and 77 microns. The ferruginous centers of
woimie of the spheritles measure o8 of 3 wicron,

Certain discoidal nodules in 213 L 4¢ resemble those of 210 A 4
at Manuels though they are very much less abundant

213 L 4a is nodular anmd the texture excecdingly fine-gramed and
locally ervstalline: The greater portion of the thin section is prob-
ably composed of shale material and the remainder 1= raken up in
great part by caleite and carbonate disseminations, us replacement
material of hyolithes shells, or as mineral aggregates,  Barite oceurs
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position o1 the manganese zone (6-a).

showing the

View of Brigus South Head looking across the mouth of ihe harbor in a northerly dircction amd

B

Fia.
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as infrequent dissermmations and individaal platy erystals and prob-
alily onee formed the Hyolithes-like rods now replaced by chlorite
and 2 carbonate,  Pyrite and hematite are found,  The nodules of
this bed, subspherical in shape, show under the microscope a compact

Fia, g View of e mangancese Loeds (n) dippmg inio the sen up the

cast side of Hrigos South Head.
structure and an almost impalpable tmeness of grain. L niler crossed

nicols an oecasional angular Fragment of guirtz 5 found biut the

rroundmuss as o whole appears to be i:---lrﬂ]fh'. It is possibile that

these pebbles are annlogous to the phosphate pebbles of Manuels,

Topsail, und Long Pond,
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Brigrs Sectox.—At Brigus South Head on the west shore of
Coneeption Bay (see Figs. 1, 38, 39, 40, and 41 ) manganese is found
to @ gredt extent in the oxidized state in several beds ar the water's
erlge in the shales of lower Cambrian age which make up the sharp
hog back ridge overlooking the “ Needles” Because of the inac-

Fro. 45, View of the 7 Neodles ™ ar the extremitv of Brigos Soonth Heaid,
showing the manganese zonoe (a-a),

cessihility of that portion of the ridge where the manganese was
best preserved, detailed measurement of the section was not pos-
sible.  Prof. van Ingen and Mr, A, O, Hayes in 1912 found that
the best mmngunese measured about 4.5 feet thick in a rone of
15 feet. Specimens collected fram more accessible portions were
all practically altered to psilomelane but there 15 one which shows
the original jaspery carbonate quite similar to the types (lescribyd in

connection with the Manuels occurrence.  Several old prospect pits

o the more accessible parts of this ridge were examine by the
weriter, but the mangznese was found o e i its secondary stute and
the interbedded shales in a very mmeh disturbed condition, The
strike of the strata of this locality is N. 10 E. and (hie dip 47 E.
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BT LI _t] Grecn zhale

Arge i’ oy “grean shmly Bufiides
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Muered |~ % greaw hale

TR RAUITSEN

rivang 3halks « Sgoed

drmen shale

Fio g2 Calumnar section of a portion of the lower Cambrian at Brigus-

South Head, from measurcments mnde by Gilbert van Ingen and A. O, Hayes,
112,
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The following section as prepared by Prof. van Ingen and Mr. A.
0, Hayes from their study of the region in 1912 shows the strati-
graphic relations of the manganese deposits a1 this point (Figs,
30 and g2,

las Number LA
a2 A 14 Groen shales, embof peedles oo oo iciiiiimiany £0.0
t3 Paredosides oome, green shales oo oe i i L
MmaAveh Greem shales’ . oiicii i e e eee D
e Mangunese zone (45 TG DY Lo iiiiia e ea i neaa 150
1 Red shales thin Iand - ciiciiiiioisnisnribiasidanssbranbis Rl
T R ¢ T | e Y 1 .
I L B T - . ' 1 -
R T ) L T T N . o 5 .
7 Bd el e e e T L kLA e e aa = SO
o Lihmestone. heavy white: at base, nodular and red above
Helmia briggeri and atbier trilobies covercivinssinrannes Jo4
5 Red shale e ree s rm e =40
4 Timestone. viery sHaly .. oo o i s o
3. nd) R & e i e i A A e s 2 D
4 Limestone. with Corptogomn o uueiicsizoieiisssnoisuss A0
1t Red shale with loeal sanilstone sl catiglomerate .. ..o0.... 500
Unconfarmity-
o Pre-Cambirian shale and ash beds

The striking feature of this section is the position of the man-
ganese zonie in relation 1o the Paradoxides bed which is exactly the
relation established at Manuels and undoubtedly at the other locali-
ties deseribed.

SMITH Sousy Seerion, Tamny Bay—The manganese zone an
Trinity bay opeurs at Smith Point (Fig. 1) as two massive beds
associated with red and green nodulir shales and limestones of
lower Cambrian age.  The aceompanying map (Fig. 43), prepared
from a trunsit survey of the shore line by Prof. van. Ingen during
the summer of 1013, shows the structural and stratigraphic relations
of the two manganese beds, 230 D 20 and 1 27, The genera! strike
of these beds is north and the dip, 20 west,

230D a7, the important manganese hied of this seetion ( Figs. 44,
45), measures some 38 inches in thickness, and is faulted with &
downthrow of 15 feet on the west side, 1t is the thicker of the two
manganese beds, and has been found by analysis to be essentially &
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manganiferous dolomitic ferruginous shale. The bed i somewhat
massive and nodular thopgh the nodules are very irmegular as conm-
pared with these at Manuels and other localities: irregular erystal-
fine areas form the nodular paritons while the matrix s made up
of more argillaceons matter,  Thin scetintis taken from the Dottom

apd central portions of the bed were examined microscopically,

t3

Fia 45 Exposure of mumgenese ore, 230 L2y, an the Broml Cove shore,
figar Smith Point. Smith Sommil. This 508 dulur ferro-monganese carbo-

pate-axide Inal

230 D 27aa is a reddish nodular and odlitic shale, with hematitic
carbomate nmking up the grester portion of ‘the determnable
minerals : agpregations of a fine-grained dark material suggest phos-
ghatic nodules &0 conpnon in the Mamels seenrrence. lrregular
grains of quartz and aggregations of chlorite are found. Sectinns
of trilobites and other organic forms containing carbonate material
abound, Some hvilrogs manganic dioxide occors 1 Fig. 47, Slide
20} Sections Trom the milille portions of the bed, 230 D 27e,
show 0 somewhat massive, nodular or oilitic redidish rock.  Hema-
tite is found as o pgment and te o lesser extent as listrouns opaque
grains 1o which the color of the rock is due. A manganic oxide
vcenrs as arregular and infrequent grains. Carbonate occurs as
veln Mlling, as irvepulnr areas, or as replacements of sponge spicitles
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amil other organic bodies.  Barite 15 found infrequently, sometimes

it.  Chlorite may be [ound replacing trilo-

with chlorite frin

bite §r EIeLs,

Fig 7 Miee photograph of {ossiliferous monganese gre 230 DeFi s

manganeie ¢ grhonnte-oxide

205 from Broad Cove: enlarped] 22 diam, a

are b, frapment of frilobite test

The fallowing analysis and recaleulation represent the chemical

composition of an average -'n]np]l. aof the bed and will corroborate

some of the petrographic observations:

Awarysis K Anatymis K o1
o D oar Wecaleulatton

Si0), hoa vaasrmsas L4 MnCO,

Fe, 0, . px2 Mn() .
AL . . , . g CaCD, pille e
Mol __.__..... eevnacd 200y MROLN e iiialndelsnnds
Calr . : - 1oog FelO

Mg X cesns AT Ca0POL) L .
P}, . 126 Sl .. I

HO | i ] 253 2H.0ALOD,-25:0 1
i, 1 VN e e w s o i TR 10140
P83

FROC, AMER. FHIL 00, LIV, 230 00, PRINTED FENRUAKY 23, 1910,
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The manganese according to the recalculation of the analysis is
essentially in the form of a rhodochrosite and whatever manganese
there is in excess probably exists as a peroxide. Tt is quite possible
that Ca,(PO,). exists in the irregular black fine-grained areas,
thongh nothing definite can be said in confirmation of it at this time.

Secriox or tun Lower Casmpmiax rroM tae Base or THE LOWER
Paranoxanes Zowe nows 1o THe Tor oF THE SMITi
Poixt Limestoxe, Trixrry Bay (Fig. 47).

Lot Rumber, Fu
230D 3o Thin seany of nodular limestone fo rod shale ..couiiioien 40
3t Bright red-ahale L. .coiiimiiiiiiininis T b e i w e | ARE

R, e

Bright red fissile shale with thin green séames anild patches . .. 0F.0
Manganese limestone (mangsniferous dolomitic shale) -.... 35
Bright red fissile shale ....... ki SRR IRl s s TR
Grayish yreen fssile shale | o amn'e s u'e § Egh v SRR
Hriglt purplish shale alternanug mlh hrig;ht ru;l nl':n.l-r o -ﬂ?-ﬂ
Green gritty shale

- Gray band of fine gram silictous lmestone full of pyrites and

same. brachiopods and trilohltes ..o iiciiiiiinienanneas 05

Gritty green shale, brachiopods and tn‘iumm R - 1 .
Heavy green silicious conglameratic manguniferons limestone 2.5
Pupplemle i el P T I e e e L T
Green shale ....-.. e s r [ AR
Red shale ............ i 80 e 0 o d B et ma e T I
b—Contains trilobite !uuu.l -t_w it
a—Red hele .. et e e e e a e HAD
Imdrvalipovered dicidaincai i iiivessan nnisailoa doTAD

16 Smith Point Limestone,

Total covismeas
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V. OTHER MANGANESE DEFOSITS OF SOMEWHAT SIMILAR
CHARACTER:

Sedimentary deposits of manganese are not 6f uncommon ocenr-
rence but it is rare that we find such deposits still in their unaltered
condition as they were originally formed. There are however a few
deposits elsewhere which in many respects resemble the Conception
Bay and Smith Sound eccurrences.

NEWFOUNDLAND, PracexTIA Bay, In Placentia Bay, New-
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foundland, manganese has been described by Murray and Howley
as a massive carbonate bed interbedded with slates of “ Silurian™
age. Dr. T. Sterry Hunt (12: 204 und 205) described this
mineral as

“ compact and impalpable in texiure, brittle, with a conchoidal fracture and
a feehle waxy luster; slightly mransluceni on the thin edges; color fawn
to pale chestnur-lirown ; streak white, hardness go; density 323, The speci-
men shows faint lines which seem to be those of deposition and give 1o the
mass the @spect of a sinter, Tt is emecrnsted and penetrated in parts with
black crystalline oxile of manganese. The presence of oxide of manganese
in this mineral is probably due to its partial decompositien.”  Analysis of this
mineral by Dr, Hunt js as follows:

MACD, o o e N e A ciseveiniigl
Ry e i o i e W B R A AR R T4-40
Fe. Cal amd MgO ........... R e ¥ A e Jraces

“This deposit is of interest on accomit of the existence of the metal inthe
form of 3 bedded carbfinate, [t prolably represents the former condition of
many of the oxide ores of manganese elsewhere in the stratified rocks, but
they have since been converted 1o their more stable form.”

It is quite evident froin the above description of the Placentia
Hay manganese that we have in all probability a deposit similar in
mineralogic character and stratigraphic position to those in Concep-
tion Bay, No published stratigraphical or palieontological work has
appeared on the Placentia Bay occurrences. In that portion of this
paper relating to the stratigraphy of the manganese deposits it will
be readily seen that the basin into which the manganiferous muds
were deposited to form the present manganese beds of the lower
Cambrian probably extended to or covered Placentia Bay or that por-
tion of Placentin Bay where we now find Cambrian rocks. There 12
no doubt that the * Silurian rocks " referred to above by Howley
and Murray are the lower Cambran,

WaLEs —Sedimentary mangsinese deposits have been described
as pecnrring in the Cambrian rocks of Merionethshire, North Wales
by Mr. Edward Halse (9:156) in an article entitled, ** The Occur-
renee of Manganese Ore in the Cambrian Rocks of Merionethshire.”
He says:

* in the Harlech mine; the bed o ore is a little over a foot thick, consisting
of grit of medium grain, overlaid by a thin band of quartzite, probably meta-
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morpliosed erit. The roof proper consist of alowt 2 fecl of very hand,
seltistose rocks, lermed “blue stone* by the miners. Specimens of ore taken
from the ‘mine dre seon to be formed of mifofm layers. having gray yellow-
ish; white, greenish-and checolate-brown layers.™

A reference by J. A. Phillips and Henry Louis (21:266) to the same
oectirrence is as follows:

"Bedd of carbonate of mahganese with some silicate. the outerops of
which have been o some exteny changed into Mack axide, oconr intercalated
betwern sandstones, grits and conglomerates of the Cambran foromation; and
have been mined to some extent; the beds vary from one to two feet in

thickness, and yield ore, sveraging ohout twenty=seven per cent, of meial,

which iz used in spiegel making, These deposits are evidently symphytic and
belong 1o group b of that class"

Phillips and Loms believe that these deposits were formed syn-
genetically but from precipitates in agueous solutions. This deposit
suggests very striking similarities to the Manuels occurrence not only
mineralogically and genetically but also from the standpoint of
stratigraphy.

ArRANSAS.—The Cason tract of the Batesvilly region, Arkansas,
presents certain petrological analogies to the New foundland ocetir-
rences. Dr. Penrose (20: 219) describes the ore as occurring

“in lenticular layers, varying from an cighth of an in¢h to three inches in
thickness, and interstratified with an indursted red clay of 3 slaty structure,
Generally, however, the ore ocours in the shape of fat, Temieular concretions,
from a duarter of an inch to one incli in dameter, focally known as *button
ore They have & concentric siructure, are dull black on the outside and
bright on the inside and are imbedded in a red or brown, fine-grained and

more or s calearenns mdatm_w,"
Analyses of the ore run as follows:

MV i S

; ERREE P, T N vmevs 5O
l‘f s TR T T T TP 1 .| M O M -
i? e T T T R = R A, 7. 1
2 P e OB e i i e GO
7.1 7o NI e e r FTUecmmanmmrnnmnas N )
Gaty - Paerearas RTRLUC e o 20y

Similar conditions 1o those postulated by Penrose for the ac-
cumulation of the manganese in the Arkansas region seem Lo me
1o be applicable to the Newfoundland deposits.
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In writing of the circulation of the manganiferons sohutions and the
conditions under which they might be precipitated in the coastal
shodls or lagoons, Penrose savs (20: 500, 391):

“This gradual Jocal accommlation of tand aml marine sediments would
eventually eanse shoals and possibly coastal lagoons und swamps, into which
the witters from Archman rocks of the Missouri Archipelago would drain.”

“Here the sohitions exposed in a stationary condition to the oxidizing
and evaporating action of the atmosphery, would deposit their metalliferons
contents as carboniate or possibly oxide of manganese. In some places con-
siderable hodies of ore might be formed in one spot, in others the manga-—
nese worll be dessiminated theough the mechanical sediments: heing laid
down at the same time, A secondary chemical action might cuse the segre-
gation of the disseminated manganese and the formation of concretions of
carhonate of manganese, which wonlil be later oxidized in forms such as are
characteristically shown at the Cason mine, near Batesville, and elsewhere in
the region.  In other places the mangancse might remain in 2 finely disgemi-
nated state, causing the common occurrence now seen throughout the region
of an earthy manganiferous Hmuostone containing from 3 to 15 per cent. of
L e

Saxoxy.—The writer was led to analyze certain of the man-
ganese minerals from Schebenholz near Elbingerode in the Harz,
which were purchased from Krantz, because of certain physical re-
semblances to the Newfoundland specimens,  One specimen labelled
* Allagite with Dialogite, etc.” consists of three different materials ;
the first is greenish and gave the fallowing analysis:

B0 csascisssdbiinss reer 390 MASIO, coviiiianiniananooen 3308
FeDy voovsovrnannpmevananeas AB7  MACOy oo _coeoecaiiiiiaaa: 1505
ALD, rerceeeirninennrenene 1050 MCO, Loiiiiiaies it e e 1264
0T o (O St R S S L300 CROON ivsisiseessrenerase N0
Cal) —iioicivaissiisasnaswione 100  Bi0y cavensnrvesonunsraonscsss IGY
Mﬂ(} P e e ] L m F’Cg{-’l e T l.ﬁ
HA oo ovvmrerneennenenes 113 ZHOPALDG2SIO) Liiainniins 23,76
(i Ty L T O + 133 90.85
100.79

Infortunntely the early descriptions of this substance were not
quoted very fully by later writers, but one of the imported speci-
mens which was similar to the one amalyzed had the following
ariginal label pasted on the back of it:
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Grimer Allagite in Tamosite
eingewachien.
7371 Manganoxydulat.
1600 Kieselerite,
736 Rohlensgure.
grat
Sehiebenholz bei Elbingerade
This analysiz was published in (817 and 1819 (Jashe 13: 1-12)
and to all appearances is the same mineral analyzed by the writer,
which is also labelled allagite.
Another part of the same specimen is a greenish jaspery mineral
similar physically to the green band of the Newfoundland specimen
and has the following composition :

Recaleulation,

27 eyttt S TS L Y 7h.40 -1, i Sy g s i T f.Byg
| o o b [t e e e e L S oor MaCoy, i)
ALG, 246  MnSi0, . Boo
WA 5, o i ot i i o 8 s’ MO cocvreevvmvaivesapes 37
1, b S S S A ey 142 e o 20
MgO . .81 SO ALD25I08 Lovimennnre L1t
5473 e A T = T e T o 2o 100.54
co, . 75t

00047

According to the recalculation this material is a manganiferous
argillaceous chert, and is in all probability the silicious schist or
shale of the Culm referred to later on.

"The third portion of the specimen analyzed is a pinkish sparry
mineral oceurring as small veins with the following composition :

Recalealation.
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This mineral, because of it similarity to another specimen with
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a label which reads “ Spathiger Diallogit ™ pasted on it, is probably
diallogit. It is however 5 very impure rhodochrosite.

According 10 W. Holzberger (11: 383) and € Zervenner (25:
»—) the ores from the Kaiser Franz mine near Elbingerode, in the
Harz, occur as pocket-shaped intercalations a meter or 20 thick in
the silicious shales of the Culm. The ore consists of psilomelane
in dense and botryoidal muasses, some pyrolusite: and coatings of
wad, with rhodonite, rhodochrosite and quartz present as acces-
sories. The ore formerly worked contained on an average 60 to
63 per cent, of manganese peroxide, sometimes rising to 67 per cent.
(23; 230). Zerrenmer consiilers these manganese: ores as later
material separated out of the silicious shales, a theary which needs
further investigation. Though the above described deposit is not
the same as that from which the specimens analyzed above came
from, it is po doubt similar.

The Elbingerode occurrence is similar to the deposits of SE.
Newfoundland in that they are both primary manganiferous sedi-
ments. They differ in that the manganiferous zone of the former
serirrence is considerably regionally metamorphosed shile the New=
foundland sediments show very little change in this way. Accord-
ing to the above analyses, assuming that the imported specimens are
representative of the region concerned, the deposits are very dif-
ferent in s much as they consist mostly of rhodonite and manganif-
erons cherts while those of Newfoundland are carbonate-oxides and
oxile-carbonates of mangandse,

VI CHEMISTRY OF THE MANGANESE DEPOSITS.

The most striking feature of the accompanying analyses is the:
high content of MnCQ which ranges from 19,42 per cent, in Analysis
T, to 40.25 per cent. in Analysis D, with an avernge content of
30.02 per cent and an average metallic manganese content of 24.04
per cenl.

The manganese is present for the most part as the carbonate,
MnCO, or rhodochrosite, which varies from ro.23 per cent. in the
red band (Anal. E) to 44.30 per cent. in the green band (Anal, A)
of the Manuels deposit. Rhodochrosite is not recognizible as such
hecause of the impalpable fineness of grain of the deposit.
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Solubility tests made of the red band (Anal. E) which has
2761 per cent. of SiO,, in which HCl was used as the solvent, show
that the manganese must be present in some other combinaution than
in that of the silicate, as the residue was about sufficient 1o cover
the total silica, S10,, ALOY, and P.O..  In Anal, D, it i3 evident
that the two most important constituents are MnC0), a@nd MaO,
with percentages of 32.80 and 28.93 respectively and that the excess
manganese- calulited as the oxide 1= more than sufficient {0 form
an important manganese silicate as the muneral percentage of Si0,
is only 540, which fact lends support to the result of the solubility
test made with the red band, Anal. E. A similar interpretation
might be made with the Topsail ore (Anal. T) whicl is primarily an
“oxide ore with MnO,— 3425 and MnCO.— 1127, Si0,, of which
there is 10.32 per cent,, probably is present in an nncombined state.
The comparative instability of MnCO, would, however, lead one to
suspect that the excess MnO,, where not of primary origin, was &
derivative of the carbonate and not combined with 5i0), to form the
silicate, MnSiO,,
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* Analyst, Mr, A F, Buddington,

'Tli:lu tfﬂluﬁﬂn of Cl during the digestion of the samples with
HCl is evidence that the excess Mn occurs as some peroxide.  As



il CONCEPTION AND TRINITY BAYS, NEWFOUNDLAND., 430

there is considerable water in the Topsail ore (Anal I), the excess
manganese probably is present as a hydrated peroxide such as
psilomelane but probably in a very fine state of dissemination. The
rémarkable feature of the samples studied is the conspicuous ab-
sence of the dark oxides of manganese so far as macroscopic and
microscopic observations are concerned but the reason for this may
bie, in the case of the lighter samples, anyway, that where there are
abundant hematitic spherules there may be some masking, With
the darker specimens studied, such as the red and brown bands at
Manuels and the baritie munganese ore of Topsails (Figs, 22 and
32), the conspicuous manganiferous and ferruginous staining mmght
easily mask finely disseminated particles of the peroxide pf man-
ganese.
RECALCHLATEN ANALYSES.
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The two most conspicuons mineral associations of the manganese
depasits of southeastern Newfoundland are the triealcium phos-
phate, Ca,(PO,);, and barite, BaSO,. Only a few of the beds
were analyzed for the former of these constituents where percent-
ages of Ca,(PO,), ranged from 2.50 at Smith Point (Anal K) to
10,31 (Anal. E) at Manuels. Anal. H shows 3B.77 per cent, of
Ca, (PO, )., references to which are made on pages 400 and 433, It

TROC. AMER, FilIL. 90C., LIV, 330 £F, FEINTED FEBRUARY 26, 1916,
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is quite probable that others of the manganiferous beds analysed are
phosphatic.

Barite (BaSO,) is probably more commem than the analyses
indicate and is probiably included with the Si0, and CaO. ftisa
conspicnons associate of these deposits, 2s has been found to be
the case with manganese deposits in other parts of the world. The
chemical reason for this association of two very different chemic-
ally-acting elements, as well as the genesis of barile are ‘discussed
on pages 451433

ALO,, though not as abundant in the important manganiferous
beds a5 in @ typical shale, which that of Anal. G approximates. i= of
sufficient abundance to connect these deposits with the argillaceous
sediments. CaC) and MgO are in greater amounts than in ordi-
nary chales, giving the deposits a caleareous or dolomitic: character.

From & study of the mineral percentage composition of the
samples analveed, the manganese rocks are found to be essentially
calcareous or dolomitic argillaceons carbonates and oxides or car-
bonate-oxides of manganese, with hematite, barite, and tri-calcium
phiosphate as the chiei accessories,

The following iron determinations of the green and red shales

of the manganese zone at Manuels, Conception Bay, show some
interesting resulis.

Fell, Frie
Red whalt, 200 A & cevansisevmadsvsmias 458 346
Groen ahalie 210 A 3 cevarnn e aanmmmina- 3400 RAL
Bed Tanil, 220 A T cvcevvcmnnnnnenasrninss 5400 A5
Greed band, 219 A'F covviiiincinnian,, 30 136

It 1z quite evident from the above analyses that the color in the
green shale A 3 and in the green band A 7 is not due entirely to the
ferrous iron as we find considerable Fe.O, i both. In the green
shale, A 3. there is an excess of .54 per cent, of FeO over the Fe,O,,
while in the green band, which is manganiferous, there is an excess:
of 15 per cent. of the ferric oxide (hematite) over the ferrous
oxide- Tn the green hand we should expeet & masking of thie grccﬂ
by hematite masmuch @5 there is siuch an excess of the ferric aver
the ferrous. Thin scctions of this hand and the green shale reveal
soime hematite but in very inconsiderable amounts: not enough, at
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all events, to explain the percentages as brought out in the analyees,
1t would seem then that the ferric fron does not exist essentially as
hematite but as o silicate or some other allied mineral, and that
the green eolor so predominant in the manganese bands and shales
may be due to the ferrous and ferric silicate,

The presence of hematite in the red band has undonbtedly caused
the red coloration and the same may be said in reference to the red
zhale, 210 A 4, where there is an excess of .72 of FeO over the
Fe (), but in these there onidoubredly has been sufficient mmsking
of the ferrous and ferric silicates of iron Ty the hemutite.

The production of the hematite was probably brought about by
the conversiom of the silicate into Fe, O, through oxidation,

VII. GENESIS OF THE MANGANESE DEPOSITS AND ASS0-
CIATED MINERALS.

So many of the sedimentary numganese deposite descrilied in
the literature are im such a highly altered condition because of
oxidation and deeper- seated metamorphic influences whereby the
original or primary manganese minerals have been so altered as to
“be of litle genetic significince, that the carbonate-oxide manganese
ores of southeast Newfoundland, which are surely primary ores,
give promise of yielding evidencé of considerable value an' the
question of genesis, In considering the genesis of any marine sedi-
mentary manganese deposits; we sre, however, confrapted with
many. prave diffienltics because we are dealing with submarine
chentical conditions of which little is known dml with diagenetic
processes of which still less is known. It s also very difficult to
advance any suitable chemical hypothesis founded upon some re-
netion that successully works out in the labaratory which will not
be of doubtiul application in natore.  With these difficulties in mind
the following subjects relating 1o the genesis of the manganese
deposits of seutheast Newfoundiand will be considered: Farly
Cambrian physiography; Nature of deposited sediments: Condi-
tions under which the manganese deposits were formed ; Summary
of genesis of manpanese: Diagenetic structures, as banded, nodular
atid obilitic; Genesis of barite ; Genesis of tricalcium phosphate [ As-
socintion and separation of iron.
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Eascy Camnmiax Puvsiocrarav.—In all probability the srea
occupied by Trinity, Conception, Placentia, and St. Marys Bays, the
included land and the western and eastern margins including the
present known Cambrian outcrops, was a continuous body of water
shortly after the beginning of the Cambrian transgression. West
antl east of this Cambrinm sex were high and edteénsive pre-Cam-
brian land areas. The great crustal movements which threw the
pre-Cambirian into mountain ranges probably canverted the portion
now occupied by the four bays and adjacent land into 3 narrow
basin. The main topographic features oi the southeastern part of
Newfoundland during the beginning of the Cambrian were two land
areas of zreat relief separated by a comparatively narrow trough
which had a general north-south direction.

Whether this trough was a closed one or not, it would be difficult
to prove, but from the requirements of the problem it is necessary
to postulute a more or less closed basin or coasinl <hoals or lagoons,
Concentration of manganiferous soluble salts could go on satis-
factorily only in a more or less restricted shallow sea where the
water was comparatively quict. The facts that ripple marks oceur
occasionally in the deposits such as at Manuels and that a shallow
water fauna abounds such as trilobites are sufficient indication that
there wis a shallow sea at this time,

Narure oF Derosrren Seoisexts—Into this trough during
early Cambrian times great quantities of mud were brought by rivers
‘draining the pre-Cambrian Jand mactes and (o lesser extent by
the action of the waves on the shore line. As has already been
stated the greater thickness of shales in the western portion of the
hasin s due to the fact that sedimentation had been going on for
a loniger time in that part of the basin which was in all probahility
the deeper part. It is also guite possible that the western parts of
this trough were receiving more sediments than the eastern. The
shales nre characterized by their predominant red color in the
western parts of the basin interbedded with shales of green color
and throughout the: entire area by a highly manganiferous zone.

Giexesis oF YHE Maxcanese Ope—The distinctly bedded char-
acter of the manganese deposits and their occurrence in definite
horizons of limited thickness and considerable horizantal range seem
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to paint clearly to the conclusion that the deposits are essentially of
sedimentary origin, rather than products of a later ground water or
weathermg concentration:. Bui beyond this conclusion; there is
room for great diversity of opinion.

Twa questions present themselves at the outset of the inquiry:
Was the manganese deposited contemporaneously with the clastic
sediments in its present degree of concentration?  Or, was it some-
what disseminated throtigh the muds and subsequently concentrated
by dingenetic agents? While the first of these alternatives is held
by the writer to be highly probable, no positive and final answer can
he given to these and to many other questions raised by a study of
the problem of genesis, although various suggestions are presented
in the following pages.

Manganese exists in sea-water and has heen noted by TFor-
chhammer and by Dieulafait (6: 718) but not in sufficiently con-
centrated form to produce deposits similar to those under considera-
tion. ‘Murray and Irvine (19: 735) found that the red muds of
the mid-Pacific and Indian Oceans, which were made up in large
parts of basic vitreous volcanic minerals, were responsible for the
large amounts of pulverulent and nodular ferromanganese. These
nodules consist an the average of 29 per cent. of MnO, and 21 per
cent. of FeD, with the remainder largely clayey material. The
basic glasses contain the only important primary manganese-bearing
minerals in the ocein and the manganese is reported by Murray and
Irvine to have undergone conversion into the soluble bicarbonate
‘which upen reaching oxygenated surface waters, is decomposed with
precipitation of the dioxide. The particles of MnO, falling to the
bottam gather upon various objects which serve as nuclei for con-
cretions, or the nuclei themselves may have been the cause for the
precipitution, Murray and Hjort (17: 192) in this connection
say:

“ 1t shotld be noted that these oxides need by no means necessarily assume
A coneretionary form. They are very commonly fomml as thin incrustations
om gramalar and fragmentaty ohjects. Furthermore many, if not most of
the pelagic clays contaln intimate atimixtures of finely divided brown man-
ganese and occasionally of limonitic iron. Here the supersaturation wonld
seem to have been 50 high as to transgress the metastable limit, whereupon

the oxides bave precipitated themsclves withont the intervention of nuclei;
they certainly must have heen precipitated from solution.”
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According to Leigh Fermor (8: 403) the origin of the deep-sea
nodules is summed up as follows:

"1. The manganese. althongh probably partly derived from cosmic dost
and voleanic débris, has Leen mostly peecipitated from soltition b the sea

water, the matgunese =alts having leen originally brought fnte the wea by
FYEers,

“2. The manganese oxide, although possilily partly precipiated s 3 re-
sult of the action of the wital processes of arganisms both vegetable and
animal, has been miinly precipituted by caleium exrbozate alded by the ohscure
process of segregation from solution room] & pncléts,

"3 Where the seahottom consists fnrgely of calearecus sediments, the
precipitation may kave been mainly bromghs about by the solation of some
of this calcium carlamate with the deposition of an cquivalent smount of
mangancee oxide owinly to the presence of fres OXYRER.

“4 Where the sea-hottom consists of red clay, it does so becguse the
depths are thire 80 great that the tests of thin-shelled Organisms are eom-
pletely dissplved by the sex-water before they reach the botom The cal-
carcous matter in being dissolved deposity sh equivalent amount of manga-
nese oxide, which descends to the hottom, and there acts 35 & muclens for
the segregative extraction of manganese from the waters at the ey tbenm
The deposition of manganese pxide by means of calcium carbaniate associatid
with the red clayas probally slie sceurs to o subordinate extent, for the

siiclls of thick-shelled organisms may reach the bottom befare being entirely
dissolyed™

This summary of Fermot's is quoted in full here becanse of the
marked divergence of his views from those of Murray and Trvine,
and becanse of the greater stress laid upon Penrose’s iilea of the
precipitation of manganese oxide by ealcium carbonate:

Tt is the belief of the writer thut the early Cambrian Sea of south-
casternt Newfoundland must have hud so restrieved and shallow &
character s to allow of a concentration of the manganese salts:
sufficient to form deposits of such dimensions and character as we
now find.  Whether the manganese was brought down entirely in
solition o only partially so, or entirely gy partly in mineral catn-
bination as fine muds from which the manganese was subsequently
dissolved, one canmot say at present.  Both mnds and solutions:
probably have contributed the manguiese which forms in great
part the deposits as we now find them,

The conditions which browught

about the formation of the ear-
bonate and oxide of manganese g

re problematieal. Tt is generally
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supposed that manganese exists in solution as a bicarbonate or a
sulphate. In their work on the Biue Muds of the Clyde Sea ared,
Murray and Irvine (19: 728) found that the bicarbonate of man-
ganese was derived “first from the direct decomposition of the
rock fragments in the mud by the alkaline carbonates in the sea
water or, second, from the reduction of the higher oxides of man-
ganese by the organic matter in the muds.”  In many respects the
Clyde Sea area of Englind is similar to what the lower Camlirian
sex of Newfoundland must have been. [t receives detritus and
waters (raining land: which are in large part of an igneous and
sedimentary character (19: 780).

“ What is known @s the Clyde Sea Ares comsists of a ceried of aub-
marine basits, geparated from each ather by submarine barriere. The depth
of the bastis ranges from 30 to 106 fathoms and the depth of water over
the intervening ridges varies from 3 to 15 {athoms In alll the decper parts
af the hasing there i . bloish-mud, in which, as a mle fo menganee nodules
sre found, bur on the immediate surface of the deposit of Blae Mud there
# & surface lyer with & reddish or Heht gray color, in which deposits of
manganese dioxide peenr, When stones are dredged from these muds mamy
of thems are sarconnded by a dark ring of mangunese dioxide, marking the
depith to, which they have been embedided in the muil.  The whole upper sur-
face of the stones has likewise a slight coating of manganese, while a gortion
imhesdded if the mud i {ree from these manganese deposits.”

He goes on to say that

“The formation of manganese nodules on the immediate surface of the
deposit, o the tops oi the barriers;, and i the pit-fike depressions, ls most
probably to be accommted for by the mare alumidant sepply of oxygen, or the
diminished amonnt of decomposing organic matter in these positions.”

A somewhat similar set of conditions probably was present in the
fimils and superjacent sea water of the Cambrinn basin of New-
foundland with the exception that instead of all the hcarbonate
heing converted into the dioxide the greater proportion of it was
precipitated as the carbonate of manganese (MnCO,). The libera-
tion of CO, from the hicarbonate of calcium in solution has been
experimentally effected by evaporation, increasing the temperature,
or through agitation of the solution. [t would seem to the writer
that the liberation of the CO, from the manganese, caleium and
magnesium hicarbonates might have tiken place through evapora-
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tion resulting in a contemporancons formation of manganese, cal-
cium and magnesium carbonate. As the analyses show from 1.25
to 32.02 per cent. of CaCO, and from .01 10 501 per cent, of
MgCO, this would seem to support such an action.

There is a possibility that the decomposing organic matter
present in the muds might have caused a deoxidation of the =ul-
phates of the sea-water and of MnO, with the subsequent formation
of FeS, and MnS, The laiter, being very unstable, would pass
immediately into’ the bicarbonate to be subsequently freed of its
CO, to form the carbonate and if oxidized would pass into the
dioxide. Such a process might account for the carbonates amd
oxides of manganese and the little pyrite that occurs. Though
there is evidence of life in the manganese deposits of Newfound-
land as furnished by the fossil trilobites, pteropods and phosphatic
accummulations, we have no evidence that there was any great abun-
dance. However these deposits resemble the Blue Muds studied
by Dittmar (6: 43) which are a variety of terriginous deposit which

" covers about 15,000,000 square miles of the sea bed, and is chiefly found i

estuaries, harbours, enclosed seas. and along continental coasts where rivers
pour their detrital matter into the ocean™

According to the * Challenger researches” there is an abundant
fauna on these muds, which feeds chiefly on the organic remains
that fall from surface waters. If any analogy can be made between
the ancient terriginous deposits and the more modern ones such a
chemical ‘action as described above might very well have taken
place.

IT the muds on the bottom of the basin contained corsiderable
quantities of decomposing organic matter, conditions woulid favor
a reduction of the higher oxides of manganese. the evolution of
much CO, and the consequent formation of the licarbonate of
manganese. The subsequent liberation of the excess CO, from the
bicarbonate to form the carbogate and, where
are active, the oxidation
of reactions capahle of §
we are dealing.

oxidizing influences
of this carbonate would complete a series
orming the manganese deposits with which
It is very probable that these muds contained con-
siderabile quantities of decomposing organic matter and were evoly-
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ing congiderable CO,. According to the “ Challenger researches,"
when a large quantity of carbonic acid was found in oceanic waters
it was “at the bottom over Blue Muds.” The great difficulty in
this serics of reactions is to find in nature the conditions which will
bring about the liberation of the excess CO, from the bicarbonate
to form the carhonate, such as evaporation, increase of tempera-
ture, or agitation, [f quiet waters are postulated for the formation
of mangancse carhonate it is quite conceivable that either of the
conditions such zs evaporation or an increage of temperature might
casily be obtained particularly in shoal waters. Tt is very doubtful,
however, in the case of agitated waters whether lnboratory condi-
tions can be simulated in nature, because of oxidizing influences
whereby some oxide of manganese would form more readily than 2
catbonate. After the carhonate had formed there would be no
particular difficulty in conditions being present which would bring
about the oxidation of the carbonate hecause of the presence of
oxygen. The excess oxide of manganese found in the Newfound-
land deposit may in part have originated in this way.

Penrose (20: 563) suggested that “carbonate of lime on the
sea floor may have acted as a precipituting agent™ or as it passes
through the sea-waters in the form of organic remains or mineral
particles a substitution takes place whereby a solution of the calcium
carhonate with a corresponding precipitation of manganese occurs.
Fermor develops this suggestion in his explanation of the origin
of the deep sea nodules as quoted on page 444.  Suth an explanation
might apply to the origin of the primary oxides of the Newfound-
land deposits.

Tt is possible that manganese may have been present in the sea-
water as 4 chloride’ 1. De Launay (5:533) says that “ manganese
chloride with sodium bicarbonate produces manganese carbonate.”

When we stop to consider that manganese only averages .07 per
cent. of the lithosphere (Clark, 2: 32) and is so times less abundant
than iron which averages 4.43 per cent, and compare with these
figures the percentage of munganese in the deposits under con-
sideration which is 24.64 we can obtain some idea of the enormous
concentration there has been in the production of these deposits.
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We have discussed the nature of the sediments and learned that
these rermiginous deposits must have been derived from the pre-
Cambirian land masses which existed in far greater extent on the
east and west of the Cambrian sea than the present areas outlined
on page 373. heimerbedded character o the manganiferous and
argillaceous layers sigmiiy alternating conditions of chemical pre-
cipitation anid mechanical deposition, there Deing, during the forma-
tion of the deposits, imes when the Cambrian sea was more man-
ganiferous with conditions soch that precipitation of manganese
carbonate and the oxide was the relatively important feature while,
at other times, mechanical deposition of fine muds was the rule. It
is more than likely that the greatest portion of the manganese was
contributell to the sexd in the form of the dissolved bicarbonate by
the streams which transported the clastic sediments and thar these
sediments were not themselves responsilile for the major eontribu-
tion, though undoubtedly the manganese minerals in the mids
underwent some solution both during their transit to the sea bottom
and during diagenesis. The streams which were responsible for
the transportation. of the sediments of the manganese deposits and
alto held, as chief contributors of the mangunese, dramed the pre-
Cambrian land areas above referred to. A modern river like the
Ouawa which drams a pre-Cambrian area consisting in great part
of Laurentian and Huronian rocks and in all probalility not very
different from the pre-Cambrian rivers of ancient Newfoundliand,
has .86 parts per million of manganese in its waters according to
an analysis made in 1907 (Shutt, 22: 175).

Manganese in river water results from the solution of tnanganif-
erous silicates such as pyroxene, olivine, micas, amphiboles, epidotes
and chlorites, some of which are the common ‘and essentinl basic
rack-forming minerals of any jgneous and metamorphic pre-Cam-
brian arei,  On the decomposition of these slements the manganese
& converted into carbonate or axide and enters into eolution, when
conditions are favaralile, ay the hicarbonate, in which form it is
carried to the sex, unless oxidized in tranzit, there to dwait the
further changes into the oxides, MO, and Mun,O,, or the carbonate,
MnCO,, depending upon the conditions suggested in the preceding
pages. Analyzes of some of the pre-Cambrian rocks in the vicinity
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of Conception and Trinity Bays may be of interest at this point as
illustrating the manganese content of some of the rocks which are
most like those existing during the formation of the deposits:

: Madk
Momzonite, Wobdford ..., covcvocrorcaaonrssctasniganansas .19
Quartz porphycy, MEnbels ... .0 aiesite i sisaianeas il
Conception sL, Rasdom Is. iu.ciiveiiaaciiisaraimesnansras al2
BT MAERRIE = tevsritrrnsrsrmnpm s s ian bn s dn dmwmmmm ekl
Aporiolite, Manuels .. ..cveemsinerasssnsiarrasarnnshrnae o2
Hanll Bhwe Hills - sl iispranraparasmacmacandannna s ufll

Analyst, A F. Budllm.ghn

Similar analyses have beéen made from the rocks of the Clyde pre-
Cambrian drainage area and show from .1 to .7 of 3 per cent, of
Mn0 (Murray and Irvine, 191 722). In all probability then the
pre-Cambrian rocks on the east-and west of the Cambrian basin
were the ultimate source of the manganese.

Susmuiny oF Genesis oF MARGANESE:

Ultimate Sowrce of 1the manganese was the manganese-bearing
silicates of pre-Cambrian igneous-and metamorphic rocks east and
west of the Cambrian Sea,

Solution of manganese-bearing silicates and conversion of the
manganese into the soluble bicarbonate; under favorable conditions
oxides of manganese resulted from the oxidation of the bicarbonate
of manganese.

Transportation of the manganese chicfly as the bicarbonate and
to o les: extent as suspended particles of oxides by pre-Cambrian
drainage systems 1o Cambrian hasine,

Concentration of the salts of mangunese chiefly as the bicar-
banate in the sea-water immediately overlying the deposited muds,

Precipitation of manganese carbonate from solution through
liberntion of CO. from the hicarbomte, or of the oxide,

Clastic Origin of Some Monganese—While the main contribu-
tion of the manganese came from the pre-Cambrian dramnage area
in solution undoubtedly the deposited mmuds supplied a minor
portion.
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IMAGERETIC STREUCTURES

Baxpen Stevcrures—By relerring to the description of layer
219 A 7 we see that it is a red manganiferous shale with green and
brown jaspery bands which may be rather uniform in thickness
and may alternate with each other. The green band predominates
over the brown so that the greater alternations occur with the green
and red bands.  Throughotit the red shale are numerous nodules
of the green and lirown jaspery carbonate-oxides of mumganese and
within the bands themselves are nodular and concretionary forms.
The alternating banded and concretionary forms within this bed
would indicate alternating conditions of precipitation followed by
diagenetic segregational processes which resulted in the formation
of nodules and lenticles. Very thin and interrupted laming of the
red band are found with the green bands. The green and brown
bands often occur intergrown with each other. From these ob-
servations it would seem that these banded structures were evidence
of alternate periods of precipitation and that they have assumed
their present indurated and coneretionary nature by segregational
processes which were active throughout the diagenesis of the bed.

Nonores—One of the most characteristic featiires of the shales
of the Lower Cambrian is the great prevalence of the nodules (Figs.
14 and 15). The following suggestion is offered as to the origin
of the form of these nodules with the hope that this line of in-
vestigation may be tiken up in greater detail at some future time.
Though various theories have been suggested for the origin of
oilitic spherules and nodules, in general, along organie and inor-
ganic lines, nothing of a very definite nature has been brought out
as to the origin of their form, The siggestion that surface tension
may be the cause of this form is here made This peculiar and
prevalent nodular character of certain beds was hrought about in all
probability by the tendency of surface tension to decrense the sur-
face during the diagenctic stage. Solutions carrying manganese
filtering through muds or nearly consolidated muds or shales would
quite naturally under certain chemical anid physical conditions have
the tendency to decrease the surface tension at the contact of the
three physical phases; liquid, colloid, and solid. Sturting with a
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mineral particle such as rhodochrosite or calcite as a nucleus, with
the formation of the nodule, there will be a decrease in the concen-
tration of the solution at the contact with the nodule which will be
accompanied by a reduction of surface tension. If we are dealing
with a liquid-liquid phase we would have a spherical nodule in which
case both liquids would be easily deformable and the surface would
tend o become a minimum. Our twofold phase, liquid-solid, or
threefold phase including the colloidal phase which probably plays a
part, only allows of deformability on the part of the lignid and
partial deformability on the part of the nodule, Under the bedded
conditions of this two or three fold solution, colloid and solid
phase the tendency of the surface tension to reduce the surface to
a minimum is well exemplified in the discoidal nodule,

SpaEruLEs.—One of the characteristic features of this deposit
is the occurrence of hematite in spherule-like forms and larger,
roughly spherical aggregates. Fig. 26 illustrates the occurrence,
They differ decidedly from the spherules of the Wabana, Clinton,
and other typical odlitic iron ores in that they are less symmetrical
and are without any visible nuclei, These spherules are here de-
scribed as incipient in as much as they seem to lack full develop-
tent or to have been impeded in their growth. Such a retardation
ai development might have arisen from their growth in clayey sedi-
ments which were still unconsolidated.

Minerar Associarions—The thrée important mineral associa-
ciations of the manganese deposits of 8. E. Newfoundland are
barite, tri-calcium phosphate and hematite which will now be coi-
sidered with reference to their oceurrence, association and genesis.

Barre—Barite is one of the most characteristic mineral asso-
ciations of the deposits under consideration as is often the case with
manganese deposits elsewhere in the world. It is particularly char-
acteristic of the Manuels, Topsail and Smith Paint localities and
OCOUrs 1N VATIOuE Wavs,

Barite is found in small veins crossing a cryptozoan nodule
showing quite clearly its epigenctic chiracter 5o {ar as that par-
ticulir portion of the hed is concerned.  Fig. 23 (Slide 276) shows
a solitary crystal fragment of barite in a carhonate-oxide of man-
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ganese groundmass showing possibly a diagenetic replacement.
Barite also occurs as disseminated anhedral erystal grams ar hlades
m the cores and outer zones of nodules ut Manuels, which is very
stiggestive of diagenetic processes (Fig, 16, Shide 288). At Topsail
(Fig. 31, Slide 269) barite occurs as bundles of blades or sheath-
like aggregates in a manganese oxide proundmass strangly supgest-
g replacement,

In other parts of the world barium is often found replacing man-
ganese in psilomelane and sometimes enters largely fnto the com-
position of wad, specimens from Romuaniche cofitaining as mich as
162 per cent. of BaO (Dana, 3:258). A very striking phenomenan
shown by the barite is its replacement by chlorite (Fig. 12, Slide
206, and Fig. 34, Slide 272).

Just why there s this common association of wo. very unlike
elenients we have no definite information. De Lamnay (4: 53)
gives the following explanation for epigenetic deposits :

"The assactation hetween barite ani matganese though very freguently

exlibited in surface formations, in many cases these two sabstatces are beling
concentrated by circulating waters in pockets or fissures of terranss*

Various conditions may produce barite with barium salts in
solution but only one seems to apply to the occurrences under con-
sideration. As there are evidences of diagenetically and epigenetic-
“lly formed barite in the deposits, it is quite possitile that there has
been an intermingling of solntions carrying harium carbonate. and
some sulphate resulting in the formation of barite. According 1o
De Launay (4: 52)

" Barite being: remarkably insolubile i one of thoee bardum compotinds
which not enly has the propensity 1o segrogate and all ut onte 1 he trame
formed inte the carhonute bt gl the tendency under the influente of. H.50),

produced by the superficial oxidition of the metallic sulphitles to pass into
the state of barite™

The replacement of the ealorless barite by the pale green chilorite
begins about the edges and along: cleavage cricks of the former.
The chlorite graiually spreads while the intervening portions of
harite decrease until wholly climinated, resulting in a pseudomorph

of chlorite after harite, In gcmer:ﬂ appearance of s varions m'tng'r&,
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the process is quite like the serpentinization of olivine but differs
essentially from the latter alteration in the fact that the secondary
mineral, chlorite, derives none of its material from the ariginal
miineral, barite, its change involving a complete réplacement| by
wholly new material. It is a marked example of the comparative
euse with which substances which, like barium sulphate are regarded
in the laborastors as very stable, yield to the attack of natural
reagents;

This replacement seems 1o have accompanied 3 more or less
genernl chloritization of the whole formation, at a period long sub-
setuent ta the concentration of the manganese ore and under totally
different conditions.

ProsraaTE— Tri-calcium phosphate, Ca,(P0,); also is a very
conspicuous accessory of the manganese deposits of Newfoumdland,
averaging, for those beds of which analyes were made, about 6o
per cent. and for the phosphatic nodules of the nodular bed over-
lving the manganese zone at Manuels, 3877 per cent When we
stop to eonsider the amount of phosphorus in the lithosphere as .11
per cent, (Clark, 2: 32) the amount of concentration in  thiese
deposits, particularly in the nodules, becomes very noticeable and
something of great interest, The similarity in chemical composi-
tiem of the phosphatic nodules of Manuels brook and those of Han-
ford brook, N. B., has been referred to on page 400, As the writer
has been umable to make as thorough a study of these nodules as he
‘would have fiked, it is hoped that at some future time the investiga-
tion may be continued. At this time then a very brief resumé of
the modes of concentration of phosphorns may be of interest be-
eawse of apparent application to the deposit under consideration.

According to De Lannay (5: 646) there are three sluges in the
concentration of phosphatic deposits, namely solution of caleium
phosphate, in which he considers that in surface conditions

* the constant presence of carhonic acid and sodiam chlaride or chlorkydrate
of nmmonla i the waters determines the solation of phosplute.”

The second stage is that in which t:rgnlﬁsms play an important mle.
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“ The faculty which live arganisms buve of throwing into very alilute solu-
tions those subatances which to them ate necesstary amd of making them

uniergo a primary stuge of concentrabioh has played & great rdle for the
phosphates™ De Luomay (s5: 646);

The third stage called by De Lannay, ** Remises en mouvement ™
consists in a dissolution of the phosphate contained in preceding
deposits: which is followed by a reprecipitation of the same tpon
anything which has served as a center of attraction. The tendency
in this mode of concentration iz for the phosphate to become more
and more like the original apatite in composition, the ultimate soUrce
af the phosphorus. Tt involves both a chemical and n mechanical
actiont, the former in dissolution and reprecipitation and the latter
in the formation of nodules which, sccording 1o the suggestion of
the writer in connection with the manganese nodules of Manuels.
may be of physical nature, namely the. result of surface tension.

Izox.—An interesting, and vet problematical, point arises Here
in connection with the association and separation of iron and man-
gancse as related to the manganese deposit under considerntion.
We should expect, in as much as both elements dre taken into =olu-
tion, that they both might he precipitated together us is sometimes
the case with bog ores or, if separated, ar no great stratigraphic
distance. Becawse of their different mites of oxidation and dif-

ferent degrees of solubility, however, 8 separution is efected. As-

suming both elements entering into solution contemporancously, the
iron would oxidize first, preci

pitating as Fe O, while the manganese,
remaining i solution longer, is precipitated either as MnO,, Mn,0,
or MnCO,. Though the Newfoundland manganese deposits con-
tain iron, it is much less in proportion to what it would be if both
were precipitated together (see Analyses, P. 438) considering the
relative abundance of the two elements in the lithosphere referred
W on pige 447,
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Avgust Weismann, a foreign member of this Society, was born
at Frankfort on the Main; Jamzary 17, 1834, and died mt Freiburg
in Breisgau, November 6, 1914 He early showed the traits of a
maturalist and in one of his books speaks of the exctement he felt
as a boy in catching butterflies. He attended the University oi
Géttingen, where he stadied chemistry and medicine, coming espe-
cially umder the mstruction of the distinguished anatomist Henle,
-and receiving the degree of M.D. in 1856, After spending three
vears @t Rostock ns an assistant he began the practice of medicine
at Frankfort and during this time he visited Vienna in 1858, laly
in 1830 and Paris in 860, From 1861 to 1862 he was private
physician to Archduke Stephan of Austria at Schamburg Palace.
He then studied zoblogy at Giessen under the renowned zodlogist
Leuckart and became privat-docent in zodlogy at the University of
Freihiurg in 1863, where he spent the remainder of his life.  Tn 1866
he was appointed professor exlraordinaring and a few years later
biecame professor ordinarins, which position be continued to hold
until & few vears before his death, when he was made professor
cmcrities,

In person he wasa man of striking appearance, being about six
feet tall and well proportioned and laving a fine head and face
and an earnest bt kind expression of the eves  From 1864 to 1874
and again from 1884 on he suffered from an eye trouhle which -
terfered greatly with his microscopical work and turned is atten-
tion to theordtical questions,  One of his former students and as-
sistants, Professor Alexander Peinmkewiteh,' to whom 1 am i
debited for mueh viluable nformation comcerning his personality,

vl zm also indebted to Proi. H. H. Wilder, of Smith College, and w
Prof. |. S Kingsley, of the University of linods, for informaition reigarding
the family life and personnlity of Weisinan,

L]
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says that although he was usually quiet in manner he invariably
became nervous and unhappy in the presence of moving objects,
which pamnfully affected his eyes,

A zhort autobiography published in Lavp in 1003 gives a glimpse
of his family life:

“During the ten years (186¢-187a) of enforced inmctivity: and rest
pecurred my marriage (o Franlein Mare Gruber, who became the mother of
my children and was my true companion for twenty sears ontll ber desth,
0Of her pow 1 think oaly with love and gratitude, She was the one who more
than sy one elze helped me through the gloom of this period. She road
much to me at this time, for she read aloud excellently, und she no only
took an interest in my theoretical and experimental work but she alko gave

practical assistance in @2

His great work on the “ Natural History of the Daphnoides ™
[ 1876-70) is dedicated to * My father-in-law, Adolph Gruber, in
thankful memory of the beautiful hours of leisure spent on the
shores of Bodensee” His colleague, the anatomist Wiedersheim,
marred another daughter of Gruber who was 2 Genoese banker,
After the death of his first wife Weismann married again when
aliiut sixty vears ohl, but not happily.  Ohne of his daughters mar-
ried the zodlogist W. N. Parker, who translated into English his
hest known work “The Germ Plasn” A son was (riined 85 a
professional violinist.

Weismann, like so many other naturahsts, was of an artistic dis-
position.  He loved nature, art and miisic and he was an adcom-
plished pianist, Durng the pericls when he suffiered much from
his eve trouble he says that he " found solace in playing a good deal
of music” He was an enthusiistic admirer of Begthoven bt
could not appreciate Wagmer.,  His artistic temperament is firther
shown i many of his essays which for beauty of expression are
rarely surpassed in scientific literature.

He waa am excellent speaker, being simple and earnest in manner
and never indulging in jokes. His lectires on evolution, which were
delivered regularly for almost forty years, were famous and always
sttracted great audiences.  As a teacher of advanced students he
was stimmlating and helpful, & kind eritic and an attentive listener,

He took o active part in politics, but like many German pro-

* Quoted from Loey’s “ Biology and its Makers.™ p. g01.
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fessors was a member of the " National Liberal ™ party. In phi—
losophy he held tenaciously to 8 mechamstic conception of nature,
but he believed that éxtreme mechanism was consistent with extreme
telenlogy, indeed he beld that * The most complete mechanism con-
ceivalile is hikewise the most complete teleology concetvable.  With
this conception vanish all apprehensions that the new views of eve-
lution would canse man 1o lose the best thut he possesses—morality
and purely human cilture”  In lus philosophy as in his scientific
controversies he was extremely tolerant.  He was interested in the
promotion of koowledge but was not aggressive nor offensive in
TANner,

Inasmuch as his life was o largely given to the extension and
suppart of the Darwinian theory it is interesting to hear from him-
self how that theory first came to his artention, After remarking.
“1 never hearnd evolution referred 1o in my student days,” he de-
scribes the influence on himself of Darwin’s hook in these words:

=1 mywelf was 3t 1he time in the stige of metamorphosis from a physician
16 2 odlogist, and as far as philosaphicsl views of nature were concerned |
wia o hlunk sheet of paper, o fdbule raga. 1 read the book [ Onigin of
Spectes *] first in 1861 at a single stng (sic) and with ever growing on-
thusinsm. When | had fmished 1 stood firm on the basis of the evolation
theary, and | have tever seett Teasom 1o forsale |17

With just pride he mentions the fact that he was one of the first
scientifie men in Germany to defend publicly Dirwin's theory ; Frite
Miiller was the first to publish a work in favor of that theory (* Far
Darwin,” 18Gy), Haeckel was the sccond (" Generelle Morpho-
logie,” 1866) and Weismann was the third, his Inaugural Address
at Freiburg on the * Justification of the Darwinian Theory " (% Uber
die Berechtipung der Darwin’schen Theorie™) being published in
1868,

Thereafter his contributions to the Darwinian theory were
numerons and fmportant,  They appeared from 1872 to 1902 as.a
series of books and contributions, Five of these earlier contribu-
tions were transhated into English by R. Meldola and were published
as two large volumes in 1882 with an introduction by Charles Diar-
win,  Subsiquent studies on evolution were so intimately associated
with his theories of heredity that they can best be considered under
that topic.
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Weismann's contributions to hiological theory were so extensive
and important that they overshadow to & great extent his observa-
tional and experimental work, and yet the latter was by oo means
small or unimportant.  Among these observaticum! and experimental
studies must be mentioned especially his extensive works on " The
Development of Diptera (1865)," “ Natural History of the Daph-
noidea ™ (1876-79), * Origin of the Sex Cells of the Hyllrompdusae
(1883)." “Seasomal Dimorphism of Butierflies ™ (1873), * Origin
of Markmgs of Caterpillars™ (1876) and * Transformation of the
Mexican Axolotl into Amblystopa.”

Some of his earlier work was done without assstance, bt m all
of his Inter observational and experimental studivs he hid the ss-
sistance of his wife or other helpers.  Much of his work was done
i collabhorntion with some of his stodents or assistunts,  His method
of work was to a large extent foreed upon it by his eye affliction.
After 1864 all reading had to be done for im, at first by his wife
and after her death by a seeretary.  Experimental work was done
under his supervision by his assistant and janitor:  All microscapiic
worl was done by his pupils, to whom he suggested topics and
whose work he supervised daily. These theses were always in
direct relation to his theories and to that phase of them which in-
terested hun most at the moment, '

But valuable as much of his observational and experimenta)
~work was, there is no doubt that he will be remembered chiefly for
his theories of beredity, His earliest writings on this subject date
from the year 1883 and his latest were published but o few years
before his death. His “ Fssays upon Heredity and Kindred Bio-
logical Topics™ were transhited into English and published in two
volumes in 1839 and 1802, Probubly his most impartant work on
this subject is his book entitled * The Germ-Plasm, A Theory of
Heredisv ™ which was published in Faghish in 1803, Sulms;'uunt
works .. uciedity are " On Germinal Selection " (1806) and " Vor-
trage fiber Descendenztheorie” (rgo2). This last-named work,
which was published in: English under the title " The Evolution
'I"lm_tu'}' " (1904), consists of a summary and an expansion of many
of his previous writings on the subjects of evolution and heredity :
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indeed as he says in the preface of this book; it is “a mirrer of the
course of my own intellectual evolution.”

Without attempting to anilyze these different books, which
would require more time and space than- is here available, we may
proceed Jt once o a summary of his more important contributions
ta the theories of evolution and heredity.

All his theories, both of heredity and evdlution, eenter in what
he called the “germ-plasm,” that particolar part of the germ cells
which serves to carry over from generation to generation the in-
heritance factora.  This germeplasm was held by Weismann 10 be
absolitely confinuwons. from. the presemt geveration back to the
earliest generations of living things; it was absolutely distinct from
the somatoplasm of the tody snd the latter coulil never become
germ-plasm; it was almost perfectly stable undergoing practically
no changes except such as came from the mixmg of different lnds
of germ-plasm (amphimixis) in sexunl reproduction.

These views as to the nature of the germ-plasm underwent
some modification as the resull of eriticism.  Weismann was forced
to adurit that the distinetness and stability of the germ-plasm were
nat absohite, but in spite of all criticism he was able to maintain
that the germ-plasm was relatively very distinet from other plasms
anll very stable in organization amd this is now admitted by all
persons aoquainted with the subject.

His views as to the separateness of somatoplasm and germ-
plasm, of Loy cells and germ eells, and the mortality of the former
and potential immortality of the latter, led him o regard organisms
m which this distinction does not exist | many protozon amd proto-
phyta) as potentially jmmortal. With a keenness of  msight
which was not appreciated at the time but which has been con-
firmed hy recent work he reasoned that * conjugationt like food and
oxypen may be conditions of life but immortality does not rest on the
magic of conjugation any more than on food or oxygen,” Agdin
he anticipated the most recent opinions when he held that death is
not a wecessary correlative of life, but rather the result of higher
differentintions,  In short, as Minot =aid, * Death is the price we
pay for our differentiation.” On the other hand, his sttempt to
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explain the origin of death ns an adaptation due to selection was
probiably a mistaken one.

As to the location of the germ-plasm in the sex cells Weismann
maintained that it was to be found in the chromatic subsfance of
the nuclens. He held that the chromosomes (“idants™) were
composed of smaller units, the chromomeres (*ids ™), amd that the
latter were compaosed of * determinants ™ or inheritance units, while
the most elementary wmits of life he called *biophores™ Both
chromosomes and chromomeres are visihle structures of the cell.
Determinants and biophores are ultra-microscapic it size but re.
cent work o heredity and development has shown that there is
good evidence of the existence of such units.  All recent work in
genetics js based upon the hypothesis that there are units or factors
or determiners in germ cells which condition the development of
adult characters, and though there may be minor differences be-
tween these determiners of modern genctics and the determinants
of Weismann no oné can fail to note the genetic connection and the
family resemblance hetween the two.

His prediction on purely o priori grounds that one of the
maturation divisions m the formation of the egg and sperm should
be a “reduction division” whereby the chromosomes of the sex
cells should be reduced to half the numbier present in the somatic
eells, whereas all other cell divisions should be * eouation divisions ™
in which the chromosomes should divide equally, ‘was alniost as
brifliant an example of scientific prophecy as was the prediction of
the existence of the planet Neptune.

Similarly Weismann's assamption that the determinants gre ar-
ranged ina linear serics in the chromosomes finds strong support in
the newest and most siriking discoveries in this field, in which
Morgan is able 1o locate at different points dlong the length of a
chromosome the determimers of marny developed characters,

Finally there is at present universal agreement to the declara-
tion of Weismann that no purely epigenetic theory of heredity
is possible, though for many years even this was hotly contested.
When one recalls the storm of opposition which was called forth
by his book on " The Germ-Plasm ™ the present acceptance, at Jeast
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in principle, of his major propositions cannot be viewed in any other
light than as a triumph for his theory and a tribute to the insight,
foresight and constructive ability of Weismann.

As a result of his theory of heredity Weismann was led to in-
vestigate the generally accepted doctrine of the inheritance of ac-
quired characters. He carried on extensive experiments in order
to learn whether mutilations of parents through many genertions
were ever inherited by offspring; he investigated many supposed
cases of the inheritance of such characters, and as & result of this
work he was led to deny altogether the possibility of the inheri-
tance of aequired characters, and he challenged the world to fur-
nish any satisfactory proof of such inheritunce. This work of
Weismann's ealled forth a tremendous amount of discussion and a
relatively small amotnt of dircet observation and experiment, and
for several years it appeared as if no progress whatever was being
made toward the solution of this great question, so full of in-
portance, not merely for the biologist but also for the practical
breeder and indeed for the human race. But gradually there has
grown np o clearer understanding of the problem and of what is
meant by “inherited” and “acquired ” characters, and graduaily
this dead-lock of opinions is hreaking up, Now we recognize that
inherited characters are those whose distinctive or differential causes
are in the germ cells, while acquired characters are those whose
differential causes are environmental, No one today believes that
the developed or somatic characters of an organism are fransmritted
to the next generation. Today the problem of the inheritance of
acquired characters is merely this: Can changes in the environmert
change the constitution of the germ-plasm so as to produce changes
in subsequent generations? No eéne pow asks whether changes
in developed characters may be transmitted to descendants, as wias
generally done hefore Weismann's work, for it is generally recog-
nized that somatic characters whether inherited or acguired are
not transmitted from generation to generation, the ouly thing which
is transmitted being the germ-plasm. Weismann admitted in his
later writings that the germ-plasm might be modified to a limited
extent by certain environmental conditions, but he held that such
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chariges of the germ-plasm led to general and unpredictable changes
in future generations which might be wholly different from those
somatic changes in the parents which were directly produced by such
environment. This view isnow widely accepted.

Thus while Weismann's views on this subject underwent cer-
tain changes n the course of his long life, the opinions of his
opponeénts have undergone so much greater and more important
chanpes that it may be truly sid that in the matter of the mheri-
tance or non-inheritance of acquired characters the greater portion
of the scientific warld has come to Weismann's position,

Finally mention nust be made of Weismamn's theory of evolu-
‘tion which was a direct outgrowth of his theorv of heredity. He
maintained that evolution must depend upon an evolution of the
germ-plasm and that this was brought about chiefly, if not entirely,
by the mixture of different kinds of germ-plasms (amphimixis) in
the union of the sex cells, There is no doubt that many variations
are prodoced by amphimixis but in general these combinations of
germ-plasms are not actual fusions: new combinations of inheri-
trance units are produced but not new units, and usually these new
combinations split up in subsequent generations according to Men-
defian rules, so that such temporary combinations of different germ-
plasms do not usually Tead to permanent modification, or to evolu-
ton, of the germ-plasm. On the other hand it is probable
that Weismann underestimated the possible influence of environ-
ment in producing changes in the germeplasm and hence its in-
Huence on evolution ; at least it dovs not seem possible at present
1o, explain the origin of many inheriterd mutations except by the
influence of changed environment upon the developing germ cells.

In bis belief in Naturdl Selection Weismann out-Darwined
Darwin or any of the Durwinians.  Darwin deale only with the
survival of imdividuals or races in the struggle for existence and
was always inclined to assign a good deal of weight to the inflnence
of environment in producing new races. Weismann would not
admit the existence of any other factor of evolution than selection
and he extended this principle from indiviluals or persons (" per-
sonnl selection ™) to organs and tissues (* histonal selection ) anid



AUGUST WEISMANN, %

even to germinal units such as determinants and biophores (" ger-
minal selection™). By means of an assumed strugele for nutri-
ment between different determinants he believed that the weaker
ones would tend to grow still weaker and to disappear while the
stronger oncs would increase in strength until they reached such
importance that they were checked, or increased, by personal selec-
tion.. And by a similar striggle between different hiophores he
showed that the guality of a determipant would be changed. By
means of this highly ingenious but purely formal and hypothetical
system he was able to explain the degeneration and disappearance
of useless parts of an organism and the concordant modification
of many different parts in the course of evolution,

Of all his theories those which grew out of bis belief in the
“ Omnipotence of Selection ™ have found least confirnmtion in sob-
sequent work. The Mutation Theory of deVries has come in to
modify m certain impurt:mf respects the theory of Darwin, and the
work of Johannsen, Jennings, Pearl and others has shown that even
* personal selection " has little or no influence in creating new types.
And yet we have not seen the end of the selection doctrine.  The
elimination of the unfit is still the only natural means of account-
ing for fitness in organisms and we may well ponder these words of
Weismmann in the preface of his last book :

* Although I may have crred in many single questions which the future
will have to determine, in the foundation of my ideas 1 have certainly not
erredh. The selection principle controls in fact all entegories of life units
It does not create the primary variations lut it does determine the paths
of develapment which these follow from beginning o end, and therewith all
differentintions, all advances of organization and finally the general course
of development of organisms on our earili, for everything in the living worlil
rests on adaptation”

Clear thinking is necessary in the advance of science as well as
fine techmique and Weismann has demonstrated to i more or less
scornful world the importance of brains as well as of hands and
eyee in the discovery of truth, It does not fall to the lot of any
man to make no mistakes, and i this respect Wetsmann was only
human. But it has fallen to the lot of few men to do so much
work of lasting value and to have so profound an influence on his
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day and generation as was frue of August Weismann. The spirit
of his life and work may be summed up in the beautiful words
with which he closes his essay on ** Life and Death”: * After all it
is the quest after perfected truth, not its possession, that falls to our
lot, that gladdens us, fills up the measure of our life, pay!
hallows it."
Eowis G. CoNgLIx.
Parvcrmon UsiviesiTy,
Jumiary, 1915
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MINUTES.
Stoted Mecting Januwary 1, rors.
Wieerasm' W, Eegx, M. D, LLD,, President, in the Chair.

The decease was announced of Charles Martin Hall, AM,,
LL.D., of Niagara Falls, at Daytona, Florida, on December 27,
1914; =L 3L

Prof. Edwin G, Conklin read an obituary notice of Prof. August
Weismann,

Proi. William B, Scott read a paper on “ The Isthmus of Panamia
in its Relation to the Animals of North and South Amenica.”

The Judges of the Annual Election of Officers and Councillors,
held on this day between the hours of two and five in the afternoon,
reported that the following named members were elected to be the
Officers for the ensuring year, according to the Laws, Regulations
and Ordinances of the Society.

President,
William W. Keen,

Vice-Presidents.

William B, Scott,
Albert A. Michelson,
Edward C. Pickering.

Secretaries.
I, Miniz Hays,
Arthur W. Goodspeed,

Amos P. Brown,
Harry F. Keller.
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Curafors.
Charles L. Doolittle,
William P. Wilson,
Leslie W. Miller.

Treasurer.

Henry La Barre Jayne.

Councillors.

{To serve for three yeard)
Henry H. Donaldson,
Theodore W, Richards,
Rabert A. Harper,
Edwin G, Conklin.,

Specinl Mecting January 14, 1015.
Wnniam W. Keex, M.D., LLD., President, in the Chair:

Dr. ). C. Bose, of Calentta, read a paper on “The Control of
Nervous [mpulse in Plant and Animal,” '

Stated Meeting February 5, 1o15s.
Wintiasv W Keex, M.DG LI, President, in the Chair.

An invitation was received from the University of North Caro-
lina o be represented ar the Inavguration of Edward Kidder
Graham, as President, at Chapel Hill, on the twenty-first of April.

A letter was received from Prof. Allen C, Thomas presenting
his resignation of membership.

The decease was announced of the following tnembérs:

Benjamin Sharp, M.D., at Moorehead, N. €, on Jannary 23,
1915 ®t. 57,

Cyrus Fopg Bracket, AB., LIL.D., at Princeton on Jammry
20, 1915 b 82,

The following papers were read ;

*The Surgery of the Uivil War as Contrasted with the Surgery
of the Present Egropean War,” by W, W, Keen, M.D.
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“The Antediluvian Patriarchs on a Tablet from Nippur,” by
George A. Barton, Ph.D), which was discussed by Professor
Learned and Mrs. Stevenson,

Stated Meeting March 5, 1015,
Witriast W, Keex, M., LL.D., President, in the Chair.

Dr. David Jayne Hill, elected to membership in 1910, subscribed
the Laws and was admitted into the Society.
Letters were received:

From the President appointing Prof. W. LeConte Stevens to
represent the Society at the inauguration of Edward Kidder
Graham, as President of the University of North Carolina.

From Prof, W. LeConte Stevens, accepting the appointment.

The decease of the following members was ammoonced :

Arthur vonAuwers, at Berlin on January 24, 1015.

James Geikie, LL.D., D.C L., at Edinburgh, on March 2, 1915;
&k, 75-

The following papers were read:

“The Swedes, Governor Printz, and the Beginning of Pennsyl-
vania,” by Thomas Willing Balch.

» A Missing Chapter in International History,” by Hom. Pavid
Jayne Hill, which was discussed by Mr. Carson, Prof.
Learned, and Mr, Rosengarten.

Stated Meeting April 9, 1015
Wirriam W, Keex, M.D., LL.D,, President, in the Chair.

An invitation was received from the Trustees and Faculty of
Allegheny College, to be represented at the celebration of the One
Hundredth Amniversary of the founding of the College. to be held
at Meadville, P'a.. in the week beginning the twenticth of June, 1915

The decease of the following members was announced :

Charles Francis Adams, LL.D,, at Washington on March 20,
19135 ; wet. 80,
Frederick Winslow Taylor, M.E., at Philadelphia on March

21, 1913; el 50.
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David K. Tuttle, PhD., at Philadelphia on April 7, 1915 ; =t.
79
Prof. Charles C, Bass read'a paper on * Some Important Factors
which Influence Asexual Reproduction of Malaria Plasmodia in
Man," which was discussed by Dr. Tyson, Dr. Henry Skinner, Dr.
MeFarlund, and Dr. Keen,

Stated General Meeting April 22, 23, and 24, 10155,

Thursday, April 22, 1015,

Avmmr A. Micnziso, PhD, SeD., LLD, FRS,
Vice-President, in the Chair,

Proi. Eliakim H, Moore, elected to membership in 1905, and
Prof. Robert Andrews Millikan, elected to membership in 1014,

having subscribed the Laws, were admitted into the Society.
The following papers were read:

“Devices for Facilitating the Analysis of Observations—More.
Particularly those of the Tides," by Ernest W, Brown, Sc.D,,
Profeszor of Mathematics, Yale University.

“On Linear Integral Equations in General Analysis,” by
Ehakim H. Moore, PhD,, SeD., LLD. Head of Depart-
ment of Mathematics, University of Chicago.

“A Direct Solution of Fredholm's Equation with Analytic
Kernel," by Preston A. Lambert, Professor of Mathematics,
Lehigh University, Bethlehem, Pa.

“The Existence of a Sub-Electran?” by Robert A, Millikan,
PhD,, Professor of Physics, University of Chicago, which
was discussed by Prof. Michelson,

“Local Disturbances in a4 Magnetic Field,” by Francis E.
Nipher, AM., LL.D., Professor of Physics, Washington
Uiniversity, St. Louis:

“ Explorations over the Surface of Telephonic Diaphragms
Vibrating under Simple Tmpressed Sounds™ by A, E.
Kennelly, S.D., AM., Professor 6f Electrical Engineering,
Harvard University and H. O. Taylor, of Cambridge
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“The Hall and Corbino Effects,” by Edwin Plimpton Adams,
Professor of Physics, Princeton University.  (Introduced by
Prof. Magie.)

“Spontancons Generation of Heat in Recently Hardened Steel,”
by Charles Francis Brush, Ph.D,, Sc.D., LL.D,, of Cleveland.

“Ruling and Performance of a Ten Inch Diffraction Grating,"
by A. A. Michelson, Ph.D,, ScD,, LL.D, Head of Depart-
ment of Physics, University of Chicago.

Friday, April 23,
Morning Sesaon—o.25 o'clock.
Wirzzax W. Keex, MDD, LL.D, President, in the Chair.

The following papers were read:

“ Heredity in Protozoa,” by M. H. Jacobs, FhD., Assiatant
Professor of Zodlogy, University of Pennsylvania. (Intro-
duced by Prof. McClung.)

“The Constitution of the Hereditary Material,” by T. H.
Morgan, Ph.D,, Professor of Experimental Zodlogy, Colum-
bia University, New York. (Introduced by Prof. E. G
Conklin.) Discussed by Prof. Conklin.

“The Problem of Adaptation as Iinstrated by the Fur Seals of
the Pribilof Islands * (illustrated by lantern slides), by George
H. Parker, SeD,, Professor of Zoology, Harvard University.
Discussed by Professors Conklin and Cattell.

“ An Interpretation of Sterility in Hybrids," by Edward AL
East, PhI)., Professor of Experimental Plant Morphology,
Harvard University. (Introduced by Prof. Bradley Moore
Davis.)

# Heterosis and the Effects of Inhreeding' by George H.
Shull, Ph.D,, Botanical Tnvestigator, Station for Experi-
mental Evolution, Carnegie Institution. { Introwduced by
Proi. Bradley M. Davis.)

“The Significance of Sterility in CEnothera,” by Bradley M.
Davis, PhDD., Prafessar of Botany, University of Penn-
sylvanii.
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The preceding three papers were discussed by Prof. Parker.

“Morphology and Development of Agaricus  rodmani," by
Ceorge F. Atkinson, Ph.D,, Head of Department of Botany,
Comnell University.

“The Large-fruited American Oaks,” by William Trelease,
Se.D, LI, Professor of Botany, University of Hlinois,
Urbana.

* Relationships of the White Oaks of Eastern North America,”
by M. V. Cobh. (Introduced by Prof. Trelease)

*“The Present Need in Systematic Botany,” by L, H. Bailey,
LL.D,, late Director of the College of Agriculture, Cornell
University,

Afternoon Session—:z o'clock.
Witetan W, Keex, M.D,, LLD, President, in the Chair,

The followmg papers were read:

"A Convenient Form of Receiver for Fractional Distillations
under Dimimshed Pressure.™ by Marston T. Bogert, LLD,,
Professor of Chemistry, Columbia University, New York.

“The Cymene Carboxylic Acids,” by 1. R. Tuttle and Marston
T. Bogert, of Columbia University, New Yorlk.

* Syringie Acid and its Derivatives," by E. Plant and Marston
T. Bogert. of Columbia University, New York.

The three preceding papers were discussed by Profs. Keller
and Scott.

“The Relation of Ductless Glands to Dentition and Ossifici-
tion,” by William J. Gies, PhD., Professor of Biological
Chemistry, Columbia University, (Introduced by Prof.
Harry F. Keller.)

" Gastro-Intestinal Studies,” by Philip B, Hawk, Ph.D., Pro-
fessor of Physiological Chemistry and Toxicology, Jefferson
Medical College, Philadelphia. (Introduced by Dr. W. W.
Keen.) Discussed by Prof. Scott.

*On the Rate of Evaporation of Ether from Oils and its Ap-
plication in Oil-Ether Colonic Anmsthesia.” by Charles
Baskerville, Ph.I)., Professor of Chennstry, College of the



igis) MINUTES., T
City of New York. (Introduced by Prof. I. P, Remingtot,)
Diiscussed by Profs. Scott and Remington.

*On Oral Endamebiosis,’” by Allen J. Smith, M.D., SeD,,
LL.D., Professar of Pathology, University of Pennsylvania.
Discussed by Prof. Bogert.

* Certain Factors Conditioning Nervous Responses,” by Stewart
Paton, M.D., Lecturer in Biology, Princeton University.
Discussed by Profs, Donaldson and Scaott,

“The Rights and Obligations as to Neutralized Territory,"” by
Charlemdigne Tower, LL.D,, of Philadelphia.

“ Physiographic Features as a Factor in the European War,"
by Douglas Wi Johmson, Ph.D., Associate Professor of Phys-
ingraphy, Columbia University, [ Introduced by Mr. Henry
Gi. Bryant.)

“The Pronouns and Verbs in Sumerian,” by 1. Dyneley Prince,
Phul., Professor of Semitic Languages, Columbia University,
New York., (Read by title))

* A New Form of Nephélometer,” by 1. T, W. Marshall, Harri-
man Research Laboratory, Roosevelt Hospital, New York.

Dr. Stewart Paton a4 newly-elected member and the Hon. Simeon

E. Baldwin, elected to membership in 1910, subseribed the Laws

and were admitted into the Socety.

Fridoy Evening—S.15 o'clock.

William Morris Dawis. Scl)., Phl), Professor Emeritus of
Geology, Harvard University, gave an illustrated lecture, * On
New Evidence for Darwin's Theory of Coral Reefs™ A stutement
of the chief yesults of a Shaler Memaorial Voyage across the Pacific
in 1014, with Studies of the Fiji Group. New Caledonia; the Loyalty
Tslands, the New Hebrides, the Great Barrier Reef of Australia aid
the Socicty Islands,

Saturduy, Aprii 24.
Exventive Session—o.30 A AL
Wonaam W, Kexx, MDD, LLD, President, in the Chair.

Pending nominations for membership were read and spoken 1o,
Dr. L. AL Buiner and Secretary Brown were appointedl] tellers of
clection and the Society proceeded to ballot for members.
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The tellers reported that the following nominees had been elected

to membership
Residents of the United Stoles.

John J. Abel, MD., Baltimore, Md.

Edwin Plimpton Adams, PhD., Princeton, N. J.
Walter Sydney Adanis, Pasadena, Cal.

John Merle Coulter, Ph.D., Chicago, 11l
Whitman Cross, Ph.D,, Washington, I, C,
William J. Gies, M.D., New York City.

Philip Bovier Hawk, Ph.DD,, Philadelphia.

John Fillmore Hayford, Evanston, 1.

Emory Richard Johnson, Se:ll, Philadelphia.
John Anthony Miller, Ph.D., Swarthmore, Pa.
Thomas Hunt Morgan, Ph.D,, New York,
William Fogg Osgood, Pha), Cambridge, Mass.
Raymond Pearl, Ph.I)., Orono, Me.

Theohald Smith, M.1D., Boston, Mass,

John Zeleny, Ph.D., Minneapolis, Minn.

Marning Session—r0 o'clock,

WinLian B. Scorr, Sc.D., LLD,, Vice-President, in the Chair,
The following papers were read:

“Opium in the Bible,” by Paul Haupt, Ph.D,, Professor of
Semitic Languages, Johns Hopkins University, Baltimore.

* Divisions of the Pleistocene of Europe and the Periods of the
Entrance of Huoman Races” by Henry Fairfield Osborn,
Se.D., LLD,, Research Professor of Zodlogy, Columbia Uni-
versity, N. Y.

“The Occurrence of Alge in Carbonaceous Deposits,” by
Charles A. Davis, Ph.D., of U. S, Bureau of Mines, (In-
troduced by Prof, Marston T, Bogert.) Discussed by Profs.
Scott and B. M. Davis.

*Additions to the Fauna of the Lower Pliocene Snake Creek
Beds, Nebraska,” by W, 1. Sinclair, Ph.D., Curator of Verte-
brate Paleontology, Princeton University, { Introduced by
Prof. W. B. Scott.) Discussed by Prof. Scott,
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“ Tertiary Vertebrate Faunas of the North Coalinga Region of
California,” by John C. Merriam, Ph.D., Professor of
Paleontology and Historical Geology, University of Cali-
fornia.

*“The Réle of the Glacial Anticyclone in the Air Circnlation of
the Globe,” by William H. Hobbs, Ph.D., Professor of
Geology, University of Michigan.

“ Note on the Sun’s Temperature,” Ly Henry Norris Russell,
Ph.D., Professor of Astronomy, Princeton University,

“Radial Velocities in the Orion Nehula,” by Edwin B, Frost,
D.Sc., Director of Yerkes Observatory, Williams Bay, Wis.
Discussed by Prof. Russell,

“ Some Results from the Observation of Eclipsing Variables”
by Raymond S. Dugan, Assistant Professor of Astronomy,
Princeton University,  ( Introduced by Prof. H, N. Russell.)

“The Variable Stars TV, TW, and TX Cassiopeize,” by R. 1.
MeDinrmid, Fellow, Princeton University. ([ Introduced by
Prof. H. N. Russell)

“The Euler-Laplace Theorem on the Rounding Up of the Or-
hits of the Heavenly Bodies under the Secular Action of &
Resisting Medium,” by T. 1. J. See, FhD, T0 5. Naval
Observatory, Mare Island, Cal

“ The Wark in Atmospheric Electricity aboard the * Camnegie,"”
by L. A. Bauer, Ph.D,, D.Sc, Director of the Department
of Terrestrial Magnetism of the Camegie Institution of
Washington, anil W. F. G, Swann, D.Se.

““Tammnz and Osiris," by George A, Barton, Ph.D., Prof. of
Biblical Literature and Semitic Languages, Hryn Mawr Col-
lege, which was discussed by Dr. Jastow.

Afternoon Session— 7 u'clock,

Wirias W. Keex, M.D, LL.I., President, in the Chair.

Dr. John Fillmore Hayford, a newly elected member, subscribeil
the Laws and wis adimitted nto the Society.

A portrait of Dr. Edgar F. Smith, of Mhiladelphia, was pre-
sented to the Society by Dr. J. 1, Penninun on behalf of the donor,



it MINUTES. 8 1May 7,

The following papers were read:

“ (e Dimensional Gases and the Reflection of Molecules fram
Solid Walls.”

“ Recent Progress in the Study of the Todine Resonance Hpec-
tra, with a deseription of a Long Foctus Spectroscope of High
Power,” by Robert Williams Wood, AB, LL.D., Profes-
sor of Experimental Physics, Jolms Hopkins University.
Discussed by Dr. Brush, Prof. Noyes and Dr. Webster.

Symposium an the Earth: It Figure, Dimensions aud the
Constitution of Its Intenor

“ From the Astronomical Standpoint,” by Frank Scblesinger,
PhD., Director of Allegheny Ohservatory, Pittshurgh,

*From the Geological Standpoint,” by T. C. Chamberlin,
PhD., LL.D, Head of Department of Geology, University
of Chicago.

" From the Seismological Standpoint,” by Harry Fielding Reid,
Ph.D., Professor of Dynamical Geology amd Geography,
Johns Hopkins University, Baltimaore.

" From the Geophysical Standpoint,” by Jobhn IF. Hayford, Di-
rector of College of Engincering, Northwestern University,
Evanston, 1. (Introduced by Prof. Schlesinger.)

These papers were discussed by Professors H. F. Reid, Arthur
G, Webster, E. W. Brown, C. L. Doolittle, Frank Schlesinger and
W. H. Hobbs,

Stated Mecting May 7, 1015
Wintzam W. Keen, M.D., LL.D.,, President. in the Chair,

L etters accepting membership were received from:
John 1. Abel, M.D., Baltimore, M.
Edwin HPlimpton Adams, Ph.D,, Princeton, N, J.
John Merle Coulter; Pl Chicago, 1L
Whitman Cross, Ph.D., Washington, D). C,
William J. Gies, M.D., New Yark iy,
Philip: Bovier Hawk, Ph.D,, Philadelphia.
Emory Richard Johnson, Scld, Philadelphia.
Jobn Anthony Miller, Ph.D., Swarthmore, Pa.
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Thomas Hunt Morgan, Ph.D., New York.

Raymond Pearl, Ph.D., Orono, Me.

Theobatd Smith, M.D., Boston, Mass.

An invitation was received from the Johns Hopkins University
to be represented at the Inauguration of Frank Johnsen Goodnow,
as President; on May 20, 1013

The following papers were read:

" (il Concentration of Ores,” by Howard W, DuBois; M.E.
(Introduced by Dr. Harry F. Keller.) Discussed by Mr.
Lehman.

“ Contcretions in Streams Formed by the Agency of the Blue-
Green Alge and Related Plants,” by H. Justin Roddy, M.5.
(Introduced by the Secertaries.) Discussed by Dr. Harsh-
berger, Mr. Sanders, and Prof. Keller.

“The Conditions of Black Shale Deposition as illustrated
by the Kupferschiefer and Lias of Germany,” by Charles
Schuchert.

Stated Meeting October 1, 1915.
Winian W. Kezx, MD., LLD., President, in the Chair.

Professors Philip B. Hawk, Emory R. Johnson, and John
Anthony Miller, newly—elected members, subscribed the Laws and
were admitted into the Society.

Letters accepting election to membership were received from

Prof. Walter S, Adams.

Prof. John F. Hayford.

Prof. William F. Osgood.

Prof. John Zeleny.

Invitations were received :

From the Sceretary of State to participate in the Second Pan-
American Scientific Congress to be held wnder the auspices
of the Government of the United States, at the city of Wash-
ington from December 27, 1915, to January 8, 1016

From the Trustees and Faculty of Vassar College, to he repre-
sented at the eelebration of the Fiftieth Anniversary of the
opening of Vassar College during the week beginning Oe-
tober 10, 1015,



ziv MINUTES. [Dee. 2,

The decease of the following members was announced -
Mr. Samuel Dickson, at Philadelphin, on May 28, 1915, @t. 78,
Hon. James T. Mitchell, at Philadelphia, on July 4, 1915, =t 81.
Mr. Frederick Prime, at Atlantic City, on July 14, 1915, t. 6.
Sir James A. H. Murmay, at Oxford, England, on July 26,
1915, wt. 78,
Prof. Frederick W. Putnam, at Cambridge, Mass,, on August
14, 1915, #t, 76,
Mr. John T. Morns, at Bretton Woods, N. H., on August 1 5
1915, =t 67.
Dr. Austin Flint, at New York, on September 22, 1915, 2. 7i
The following papers were read :
" Timber Studies in the Mississippi Bottom Lands," by Henry
C. Cowles, Ph.D., of Chicago, which was discussed by Pro-
fessors Harshberger and Kraemer.

“A Practical Rational Alphabet," by Benjamin Smith Lyman,
A.B.

Stated Meeting November 5, 1015,
Wittian W. Keexn, M.D,, LL.D., President, in the Chair.

Proi. Ulric Dahlgren read a paper on * The Production of Heat
by Animails

Stated Mecting December 3, tuts,

Winian W. Keex, M.D, LL.D,, President, in the Chair.

An invitation was received from the American Association for
the Advancement of Science to send one or more delegates to its
meeting to be held at Columbus, Ohio, Decemiber 27, 115, to Jan-
uary 1, 1916,

Mr. H. H. Harjes, in accordance with the expressed divection of
his father, the late John H. Harjes, of Paris, transmitted to the
Society Dr. Franklin's bamboo cane with 3 hon handle; in the
upper hollow chamber of which he was accustomed ta carry oil
and from it in his walks he dropped oil upon the water to watch
its effect upon wind-heaten poals.

The decease was announced of William Brooke Rawle. AB,
at Philadelphia, on November 30, TO15, mt. 72



tersl MINUTES, v

The following papers were read:

“Some of the Neuro-retinal Interpretations of Increased Vas-
cular and Increased Intracranial Pressure, being a Clmical
Communication,” by Dr. George E. deSchweinitz.

“The Geology of Parahyba and Rio Grande do Norte, Brazil,”
by Ralph H. Soper, communicated by Proi. Jolm C. Branner,

“The Geology of Ceara and Piauhy, Brazil" by H. L. Small,
communicated by Prof. John C. Branner.

Dr: W. W. Keen presented the Annuoal Address of the President.
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