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PREFACE

the National Museum of Canada, has long been associated with

the gun-flint makers of Brandon in Suffolk, and has for many
years been making stone implements with the simple tools used by
ancient and modern Stone Age peoples. At the Curator’s request he
undertook the teaching of Stone Age techniques in the Museum, and in
the course of teaching prepared a series of exhibition cases with explana-
tory screens representing the principal ancient and modern Stone Age
implements and the methods of making them. At the same time he
prepared a manuscript book, which has been used for some years in
teaching our pupils who study Ethnology and Prehistory. It is this book
which we offer as Number 6 of our Occasional Papers on Technology, as
we have found over a long time that his method of exactly describing
experimental procedure and following this with literary evidence from
various observers is useful to students. Examination of specimens is con-
fined to our own large collections, so that students can check every detail
described. In the first paper of this series, “The Manufacture of a Flint
Arrow-head by Quartzite Hammer-stone’, the writer made the first fully
clear and literate presentation of the ‘turned edge’, or prepared marginal
striking-platform necessary for getting good flakes across from both
sides to meet and make a thin section. Professor A, P. Elkin of Sydney
had noted that H. Basedow in The Australian Aboriginal of 1929 had

THE author has worked for many years in this Museum and in

.mentioned rubbing and rasping the edge to clear away small chips,

and on receiving a copy of Sir Francis Knowles's paper, sent observers
among the aboriginal stone workers to watch their procedure. They
found that the makers of stone and glass Jance-heads turned the edges to
prepare striking-platforms exactly as Sir Francis Knowles had done in
making flint implements (Elkin, 1948).

In the present book the author does not restrict himself to one object
as in the former paper, but treats the progress of the stone implement
maker from ancient to modern times in both the Old World and the New,
dealing with the principal types of flaked implements. While his own
experimental work is confined to the use of the quartzite hammer-stone
and the bone or antler pressure flaker, he takes account of the experi-
mental work of those who use hammers softer than the stone they strike,
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PREFACE

made of wood, horn, antler, or bone, and in Chapters V to VII, and
particularly in Chapter VII, compares the methods and the results of the
two techniques according to the evidence of experimenters and of the
flaked implements of ancient and modern peoples.

‘The illustrations are mainly photographed from the writer’s own
drawings for the screens in the Museum. The originals are modelled in
colours and ink, but as the cost of showing them thus was prohibitive
they have been photographed by Mr. K. H. H. Walters in the Museum.
Other drawings have been made in the Museum by Mr. I. M. Allen. To
avoid overloading the text with bibliographical details these have been
collected in a list at the end, and references in the text are usually con-
fined to naming the author, year, and page in a parenthesis.

Acknowledgements appear in the author's Foreword,

TR P,
UNIVERSITY OF OXFORD B. M. B.
PITT RIVERS MUSEUM
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SIR FRANCIS KNOWLES

1953 in his home at Oxford at the age of 67. Though he came of

a distinguished naval and scientific family, he read law at Oriel
College, Oxford, but returned to science for his post-graduate work. In
1908 he was one of the first two students to be awarded the Diploma in
Anthropology, and took his B.Sc. degree in 1911.

From 1909 to 1912 he taught physical anthropology at Oxford, help-
ing Professor Arthur Thomson to establish the subject on a firm basis.
During this time he catalogued and measured the large collection of
skeletal material in the University, a collection comparable in size and
importance to that measured by Sir William Turner in Edinburgh and
that by Sir William Flower in London. In 1911, with Sir Arthur Keith,
he published in the Yournal of Anatomy and Physislogy ‘A Description of
Tecth of Palacolithic Man from Jersey’, and in 1912—13 his work on the
so-called Red Lady of Paviland, undertaken at the request of Professor
Sollas, proved the skeleton to be that of an Aurignacian man. In 1914,
after a period of studying the Iroquois, he was appointed physical anthro-
pologist to the Canadian Government, and his monograph on The
Physical dAnthrapology of the Roebuck Iroguois was published by the
National Museum of Canada.

During his field-work among the Iroquois he contracted typhoid
fever, and through lack of proper medical attention, never fully re-
covered his health, From 1919 he turned his attention to the techniques
used by ancient and modern peoples in the manufacture of their stone
implements, working only with the materials and tools known to be used
by them, until he was able to equal their work. His principal discovery
was that of ‘turning the edge', or preparing a striking-platform along the
edge of an implement so that he could flake across it and get a thin and
even section. This discovery was first published in ‘The Manufacture of a
Flint Arrow-head by Quartzite Hammer-stone’ in this series, and within
a year of the arrival of the paper in Australia, Professor Elkin published
the fact that the author’s experimental work had been fully corroborated
by actual obs¢rvation amang the tribes of northern Australia. For many
years Knowles had been teaching and arranging exhibitions in the Pitt
Rivers Museum to illustrate Stone Age techniques, and shortly before his

Sm Francis Howe Seymour Knowles, fifth baronet, died on 4 April
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SIR FRANCIS ENOWLES

death had gathered this material together into the present volume, though
he did not live to sce any of the proofs of the book

Much of the skill and knowledge which he acquired by years of obser-
vation and experiment has been passed on to members of the Museum
Staff, notably to Mr. W, C. Brice and to Mr. I. M. Allen, for he was
most generous in the gift of his time and knowledge, and of a character
to develop in his pupils affection, respect, and a desire for hard work.
Both he and Lady Knowles always followed the work of the Museum,
of whatever sort, with the greatest and most helpful interest, and knew
all of the Staff to the youngest apprentice, and noted their progress with
approval.

His interests ranged widely over the activities of Stone Age people,
ancient and modern, and the Museum contains many examples of his
work besides that on stone implements. An especially interesting exhibit
is of wire models of flights of boomerangs which he threw, and Mr. H. F,
Walters modelled under his direction, showing the shape of the flight,
and the position of the boomerangs at each stage of the flight from the
start to the return,

All of his work, both in the Museum, and in his publications, was based
on cxact observation and experiment. His work will endure, and his
example will live in those he taught, and will be passed on.
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FOREWORD

back in time for hundreds of thousands of years. It ranges in area

from America round the world to Australia. It varies from the
flaking of siliceous material for tools and weapons, to the shaping and
carving of rock masses in architecture.

But in the striking of flakes from flint and other siliceous stone, it is
likely that the first attempts made by man were to makesharp and durable
implements. It is because of the very durability of these tools that they
will often be the anly evidence still left of man’s progress in intelligence and
skill, from the early days of tool-making to the time, before metal had
superseded stone, when the latest examples of his work show the advances
he had made in technical achievement.

We, viewing a representative collection in a museum, can look back
and see telescoped, as it were, a vast period of time and development. To
us the forward steps scem obvious. But the early stone-worker had not
our advantage of seeing what lay ahead; he could only build little by
little on the store of technical tradition passed on from one generation to
another.

Looking back in this way over the past, the impression one gets of
stone-working Man is that of a patient, intelligent craftsman; crude in
the early days, but nevertheless even then possessing great hand-skill and
an artistic appreciation of symmetry of form; a craftsman who by experi-
ment, invention, and intelligence graduall}f acquired the mastery over
his material, until in the final phases of the Stone Age he could not only
produce high]:.' efficient and artistically sa[isf:.ring tools and weapons of
flint, but could also manufacture implements from hard stones and rocks
that, being unflakeable, were of no help to him in carlier times. For
during this last phase, Man had learned to work his material by pecking
and grinding, so that he could shape hard rock into axes; by sawing, so
that he could cut out slabs of nephrite and jade-like stone to shape; and
by boring, so that he could make shaft-holes in hard pebbles for clubs
and stick-weights, and in shaped axe-heads of stone.

But still in many areas in which suitable flinty material occurred, Man
continued to use it. Taking a general view of the Stone Age, the com-
plexity of flint tools and their specialization in type went hand-in-hand

13
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FOREWORD

with changes and improvements in flaking methods, and show the in-
creasing complexity of Man's life, his restless inventive genius, and his
technical progress.

Since, therefore, the laking techniques are at once the carliest and the
latest stone-working methods, and since they cover much of the range
of man’s technical progress, it seems of interest to attempt some survey
of the technical advance of flint work by investigating the development
of sorme well-known types of flint implements whose manufacture illus-
trates flaking techniques.

The present research, therefore, is confined to the flaking of siliceous
stone in the manufacture of the axe, spear-point, knife, and arrow-head,
and the core from which flakes were struck to make tools. For with the
inclusion of the core, the evolutionary technical history of these five
products of the stone-worker will serve to illustrate Man’s progress in the
flaking of flint and other siliceous stone.

Some account has been included of recent Stone Age native peoples,
for the light these throw on the methods used by prehistoric peoples in
the manufacture of similar flint weapons and tools, and some attempt has
also been made in this paper to illustrate the adaptability, skill, and
liberty of choice that characterizes the manufacture and use of stone
implements by primitive Man.
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INTRODUCTION

techniques are based upon:

1. Experimental work.

2. A study of the stone-implement collections in the Pitt Rivers
Museum.

3. The technical methods of the recent native stone-worker as
recorded in literature by European observers.

Before commencing the technical part of this paper, it may be helpful
to define the use of the term ‘technical progress’, and to set forth, neces-
sarily in a very compressed and generalized way, certain changes or
phases in the Stone Age which are marked by stages in technical advance
in stone-working.

THE following notes on the development of some flint-flaking

Technical Progress

Stone-working is the adventure of Man with a material, stone, from
which he wanted to make some of his tools and weapons. ‘Progress’ then
to the stone-worker will mean better ways of dealing with stone, and
better and more efficient implements made from it. It is in this sense that
the words ‘advance’ and ‘progress’ are used by the writer, and his point
of view is that of the experimental worker.

Stane Age Phases

A survey of the stone implements in the Pitt Rivers Museum impresses
the observer with an evident series of stages or phases through which
Stone Age Man passed in the course of his technical development. These
phases would appear to represent a series of steps in his intellectual and
technical progress, characterized, so far as stone-working is concerned,
by the manufacture and use of certain types of stone tools and accom-
panied by an increasing variety and specialization in the form of the
stone tools and implements. Many of the tool-types were made and used
by peoples living in far separated arcas of the world.

Although for purposes of clarity the phases have been divided into 1,
2, &c,, it must be emphasized that in reality there was no abrupt tran-
sition from one class to another, but just a gradual evolution in which the
superior gradually supersedes the inferior and in which the older and

B =38 175 c



INTRODUCTION

newer techniques may occur side by side for a while. Professor D. A. E.
Garrod’s collections (Garrod and Bate, 1937) from Et Tabun Cave,
Mount Carmel, in Palestine, show very strikingly the gradual supplant-
ing of tool-types and techniques by improved patterns and methods; and
in the specimens presented by her to the Pitt Rivers Museum, the follow-
ing examples may be seen to illustrate the slow changes in any phase.

In Layer F, Upper Acheulean, hand-axes, ‘tortoise’~cores, Clacton-type
cores, and flake tools all occur together.

In Layer Ea and Eb, Upper Acheulean ( Micoguian), there are relatively
few hand-axes, but an increase in the size and number of flake and blade
tools; Audi, Chatelperron points, and burins appear. “Tortoise -cores, and
a Clacton-type core are among the specimens from this layer in the Pite
Rivers collection. These examples will serve to illustrate the slow tran-
sition that took place during the phases.

Sceing the variety of tool-typés used, and the skill shown in their
manufacture, by the men of the Lower Palacolithic period, it is only
reasonable to presume that a long history of Hint-work went on before it,
and that there were preceding stages of flake and/or flaked-pebble indus-
tries and the use of simpler and less specialized tools.?

1. But the earliest phase selected from the Pitr Rivers collections is
that characterized by the pear-shaped hand-axe, the distinctive tool of
the European Lower Palaeolithic, ¢, 550,000-250,000 years ago (see
Table, p. 21). There were flake-implements and plain flakes also in use,
of course, but the hand-axe was made in large quantitics and appears to
have been a general-purpose cutting, chopping, and piercing tool; in
technical descent it developed from the flat pebble or nodule sharpened
by edge-flaking. Made of the same shape and in the same flaking-pattern,
the hand-axe is represented in the Museum by specimens from England,
France, Palestine, Africa, and India. Specialized forms were developed;
in South Africa, for instance, a cleaver form with flat cutting-edge was
much used. The prevailing core technique of the early part of this phase
was the Clacton-type alternate-platform method of flake production.

2. The nmext phase is that characterized by the dominance of the ‘tor-
toise’-type core technique. The worker had now found that by preparing
a core in a certain way, he could strike off large flake implements with
sharper, straighter edges than those of the biface hand-axe, and that

! It is hoped ene day to piblish some of these early specimens in connexion with the exhibithon:
E;d; for the Pitt Rivers Mussum by Professar Bamnes, showing natural asd human Baking of stope—
Thors.
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furthermore by this method he could obtain flake-implements of sizes and
shapes that he could vary at will. That the hand-axe accornpanied this
phase for part of its way may be seen in Professor Garrod’s Mount Carmel
collections. This technique dominated the European Middle Palacolithic
period, ¢. 250,000-100,000 years ago (sec p. 21), and is represented in
the Pite Rivers Museum by specimens from England, France, Palestine,
and Africa.

3. The third phase is characterized in the Upper Palaeolithic of
Europe, ¢. 100,000-12,000 years ago (see p. 21) by specialization in
fake-tools (or blade-tools), e.g. the use of many varietics of burin and
scraper, and with this a change-over to & new technique of flake-produe-
tion, namely the use of Brandon-type and two-or-more-platform cores
(side-flake or end-platform cores), instead of the Middle Palaeolithic
‘tortoise’-type cores (top-flake ormultiple-platform cores). Accompanying
these changes there came also the development of diffuse-bulb (see
Chapters VI and VII) techniques in flake and implement manufacture.
Tools of this ‘Upper Palacolithic’ rype were used in Europe, Asia, and
Africa in prehistoric times, and in recent times similar tools were in use
among many Stone Age peoples.

4. The fourth phase is characterized in the Mesolithic of Europe,
¢. 12,000-3,000 years ago (scc p. z1), by the development of small
implements' of geometric shape made from flakes or parts of flakes. It is
possible that this phase may be based upon the development of handles
for flint tools made from wood, bone, or antler, for with a handle of such
materials there would be no need of a large stone tool for certain forms
of work, while wooden or bone spear-heads and knives could be armed
and rendered very effective by the insertion of rows of sharp flint pieces
shaped for the purpose. In order to obtain small flakes to make these
geometric-shaped pieces, a spedialized core industry was developed, and
these small, finely flaked cores and their accompanying flakes are found
in many and widely separated arcas. But the mystery remains as to why
in all these areas the little geometric tool-forms should so exactly re-
semble each other. The Pitt Rivers Musecum possesses specimens from
England, Palestine, Ceylon, and Africa. In near-modern times they
appear to have been made and used by the Bushmen of South Africa,
and they are even found in south-east Australia, though their use there
seems to have been discontinued before the arrival of the European.

' Large implement: are akio fonnd, and in forested aress there may be seon the beginning of the fifth
plase of grinding and polishing large implaments
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5. The fifth, and last, phase was characterized by the invention of
grinding methods in stone-work, and accompanying or following on
from this the techniques of hammering, pecking, and battering of un-
flakeable stone into shape. By these techniques hard and unfiakeable
stones and rocks could be turned into very efficient adzes with sharp and
polished edges, and flaked-stone adzes could be ground and polished into
form, and provided with sharp and symmetrical working edges. In some
areas where siliceous material was plentiful and of good quality, this
stage was also marked by the manufacture of very finely faked knives,
spear-heads, and arrow-heads. In European prehistory the fifth and last
phase characterizes the Neolithic period, ¢. 3,000-2,000 B.C. (see p. 21),
though grinding and polishing, especially in the forested areas, had
begun in the Mesolithic period. The ‘Neolithic' stone-working tech-
niques were also widespread among the Stone Age peoples of modern
and near-modern times.

In the course of the last Stone Age phase in Europe came the discovery
and use of metals, and the gradual abandonment of stone as a material
for the manufacture of tools and weapons.

It is perhaps needless to say that other materials besides stone, e.g.
bone, antler, shell, and wood, were also used by Stone Age man. But
stone implements, being the more lasting, form now the most reliable
record available of early Man's progress in tool and implement manu-
facture.

Time-Periods

The following table for the time-periods mentioned in connexion with
the technological phases was prepared by Mr. T. K. Penniman, Curator
of the Pitt Rivers Museum, and has appeared in his .4 Hundred Years of
Anthropology, and in Man and other Living Things by Dr. F. G. W.
Knowles. The Palacolithic ‘dates’ follow Professor C. F. C. Hawkes in
*Prehistoric Time’, The Museums Fournal, September 1941.

This table illustrates the long slowness of the technical advance in the
Early Stone Age, the gradual quickening in the later stages of the Stone
Age, until with the discovery of metals a revolution took place in tech-
nique, and change succeeded change in hurrying sequence.

Chronology and Terminology

It should be noted that although the technological phases marked
time-~periods such as Palacolithic, Mesolithic, and Neolithic in Europe,

20
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for example, yet in' modern times Stone Age peoples in various parts of
the world were still using tools and techniques characteristic of those
used by our own ancestors of the European Neolithic and Mesolithic,
and even as far back as the Upper Palacolithic period. For example, the
nosed scraper so much used by Aurignacian man in France at the begin-
ning of the Upper Palacolithic period there, was equally useful to the
Tasmanian natives of recent times, and was made in large quantitics by
them. The European terms are thercfore of use in the comparison be-
tween native stone-working techniques and tool-types, but have no rela-
tion from the point of view of chronology.

Cultural Periods of Early Man

Period | Time

Parseouriie
Lower Pafarofichic. Abbevillean (Chelivan), Achealeun, Clactonian, Early | & 559,000-250,000
Levallgis; vears ago.
Middle Palaesfithic, Late Acheulean gnd Clactonian, Levallols, Mogstierion. | £ 250,500-100,000
years agp,
Upper Palacolithic. Aurignacian, Solutrenn, Magdalenian, £ T08,000—12,000
VEATS REO,
MesoriTaic & 130003080
Vears ago.

Later Periods

Wegterw Asia and
Western Enrepe Exypi Chins Pertod betieeen
Mesolithic Neolithic Mesalithic §,000—4,000 B.C.
Mesalithic Chaleolithic? Mesnlishic 4,000—1,000 B.C.
Neolithie Chaleolithic Neolithic 1,000~2,000 B.C.
Bronze
Bremze Bronze, then! [ron Hromze 2,0066—7,000 h.C.
Iron Tran | Tron 1.000—300 L,

' A period when copper and stane were both used for tools.

Thus, taking the stone implements alone as a guide, the Tasmanian
natives were in the ‘Upper Palacolithic’ stage, i.e. they did not use geo-
metric tool-forms, nor did they use grinding techniques, while many of
their tools were similar in type to those used in the European Upper
Palaeolithic, The Australian aborigines were in the ‘Neolithic’ stage, L.
their stone-working techniques and implement-forms were akin to those
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INTRODUCTION

used in the European Neolithic period. The Bushman seems to have been
‘driven back” into the ‘Mesolithic’ stage by the incursions of hostile iron-
armed negro tribes (see p. 102). In America there were existing in the
same time-period the Eskimo, working in stone, bone, and ivory, and
also treating meteoric iron and raw copper as stone by knocking flakes
from iron meteorites and cold-hammering raw copper into shape, Indian
tribes similarly treating copper, other Indian tribes ‘Neolithic' in their
use of stone, bone, and antler, and the Incas of Peru, who had reached
a high level of civilization, and were technically in the ‘Bronze Age'.

By-passing of Phases

Africa affords a striking example of the possibility of the by-passing
of a technical stage, for the use of iron in ancient Egypt spread ultimately
to the Negro tribes while they were still in a stone age, so that they never
went through the phase of making and using bronze. A modern example
of quick technical change is the advent of the European into the stone-
working areas of the world, and the tremendous upheaval thus caused in
the lives of the stone-working native peoples.

Disappearance of some Tool-forms, and Survival of Others

It seems that a tool may be of great use at one time or place, and yet
be superseded and disappear entirely in later times or other areas.
For instance, the burin so widespread in the Upper Palacolithic of
Europe, Palestine, and Africa, is not found in the modern Stone Age
native industrics. How is it that a tool so essential at one epach should
have vanished at another? The only reasonable answer seems to be that it
was superseded by a more efficient tool-form.

On the other hand, the round-ended stone scraper, used for dressing
skins, maintains its uninterrupted course from the prehistoric Lower
Palacolithic period to the hands of the modern Stone Age native, for it
has proved to be all-sufficient for its purpose through all the changing
conditions of primitive life from carly to late Stone Age times, and even
into the Early Metal Age, and to modern times,

Similarity in Stone Implement Types

An interesting fact, also, is the widespread use of certain tool-forms in
far separated areas. For the burin and certain scraper-forms are repre-
sented in the Pitt Rivers collections from the Upper Palaeoclithic of
France and Belgium, and among the obsidian tools collected in Kenya
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INTRODUCTION

and presented by Dr. L. S. B. Leakey. The use of the Aurignacian-type
nosed scraper by the Tasmanian natives has already been mentioned
(see p. 21).

Diversity in Stone Implement Types

On the other hand, it should be noted that although implements of the
same form are used by so different and so widely separated peoples, yet
there are also examples of the inventions of weapons or tool-forms
peculiar to certain areas or peoples. The small stone adze (#w/z) made
from the bulbar end of a flake by the Australian aborigine seems likely
to be an instance of the invention of a tool-form not found elsewhere.

As some striking examples of stone implements that are characteristic
of cerrain peoples may be mentioned the handled Danish flint knives and
daggers, the fluted-flaked Predynastic Egyptian chert knives, the long
flaked-chert ‘swords’ of the American Indian found in Tennessce, and
the well-known meres of the Maori chiefs, There are, indeed, some stone
implementsso distinctively developed incertainareas, thatin any collection
their place of origin can be seen at a glance; while there are others, such
as the flake-knife, the flaked arrow-head, spear-head, and knife, the
almond-shaped, flaked or polished, wood-working stone adze, and the
ubiquitous skin-scraper, whose manufacture and use are the same
the world over, and whose provenance may often only be judged by
the variety of siliccous stone used, or by minor differences in form.

Summary

Stone-working has passed through a series of technical stages or phases
in the course of Man's intellectual and technical development. These
stages are characterized by the use of certain stone tool-forms and stone
techniques. In Europe they correspond to certain time-periods in accord-
ance with the chronology determined by geological research in this part
of the world. They are here prehistoric in date. But in some out-lying
areas of the world there has been a considerable time-lag, and numerous
native peoples have been until recently at the same technical stage as our
own far-off ancestors. It was the voyages and explorations of the Iron
Age European that changed abruptly this state of things and brought
the Stone Age to an end. There is a very striking similarity in stone tool-
forms in widely separated areas; there is also considerable diversity of

type.
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Chapter 1

SELECTION TO ILLUSTRATE FLAKING
TECHNIQUES: THE ‘AXE', SPEAR-HEAD,
KNIFE, ARROW-HEAD, AND CORE

trate the progress of the stone-worker are the axe, spear-head,

knife, and arrow-head, made by flaking techniques from flint and
other siliceous stone, and with them has been included the core of siliceous
stone, i.e. the block from which the worker struck off the flakes he re-
quired, either to be used plain or to be manufactured into knife, spear-
head, or arrow-head. For the technical methods of core-flaking were
applied by the primitive stone-worker to the manufacture of his flaked
implements, and vice versa.

The flaked spear-head, knife, and arrow-head of the Stone Age corre-
spond sufficiently well to their Metal Age equivalents to make their
names satisfactory. But the Stone Age axe is an implement guite different
trom the modern iron or steel axe.

THE implements whose technical history has been selected to illus-

The Palaeclithic Hand-axe

The carliest stone ‘axe’, the Palaeolithic hand-axe (Fig. 1), is in essen-
tials a heavy, cutting, and sharp-pointed tool that was held and used in
the hand. In the later Lower Palacolithic period it developed into various
specialized types, such as the chopper, cleaver, and long dagger-like
implement. In its characteristic pear-shaped Palaeolithic form it gradu-
ally died out, being probably replaced in the Middle Palaeolithic by more
specialized tools. But as crude chopper or pick, its equivalent is likely to
have been used through all the Stone Age periods, and it may be repre-
sented among modern Stone Age peoples by the Bushman! chopper, the
Australian® well-flaked pebble chopper, the Tasmanian® pebble pick or
chopper crudely sharpened by flaking, and in America by implements
such as the Oregon® chopper-like tool in the Pitt Rivers collection, and
the chopper-like implements found in Patagonia.s

' This, and subsequent numbens, refer to notes b end of chapter.
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THE ‘AXE', SPEAR-HEAD, KNIFE, ARROW-HEAD, AND CORE
The Neolithic-type Stone Adze

The Late Stone Age adze (Fig. z) is a wood-working tool. It was
in. use among the peoples of the Neolithic period, among the modern
Stone Age peoples in many parts of the world, and over a long range of
time. It was made, in its characteristic form, with its business-end shaped
like a shallow and Hattened scoop or gouge,® and was hafted and used in
adze-fashion,” working the wood by gouging out chips and slices. It had
axe-like variants in flaked and polished form.?® There were also axe-like
hoe-blades that were made and used formerly in some eastern areas of
North America by Indian tribes. The Neolithic-type adze may be
flaked and thus used, or first flaked and then ground, either whelly or
partly, into a final polished form, or hammered and pecked from
hard stone and ground into shape.

The Modern Meral AAxe

The modern iron or steel axe is in essentials a hafted wedge; one blow
cuts into the wood at a slant, the next drives in and meets the bottom of
the previous cut at an angle, thus removing a chip or slice between the
cuts,

Since in this study the technique of the blocking out and shaping of
a flaked-flint axe¢ or adze is the main point, the implement will be referred
to as an ‘axe’, since the course of manufacture is the same until the final
shaping of the working-end for the purpose for which it is intended.

Notes

t. See Dunn, 1931, Plate V, fig. 3 for a chopper in the collection presented
by Mr. E. J. Dunn to the Museum (cat. 1940.10.9, D.V. 3). This specimen is
faked in the palaeolithic manner across one face only, and is pear-shaped, but
the sharp ‘butt’ appears to have been the business-end.

2. For a study of Australian flaked pebbles see Cooper, 1943. Some are
faked across one face from one murgin only, i.e. are semi-uniface implements;
others from both margins, so that one face is wholly cross-flaked, i.e. are uniface-
impll:mems.

3. The Tasmanian faked pebble implements are represented in the Pitt
Rivers Museum among the very large collection made E}r Mr. E. Westlake.
These particular implements in the collection vary in size, one being very large
and heavy. They are flattened, oval, and pear-shaped, and their ends (one end
only of each) have been sharpened and pointed by flaking across one face only.

4. A large flaked oval *hand-axe’ in the Museum comes from Lake County,

27






THE *AXE', SPEAR-HEAD, KENIFE, ARROW-HEAD, AND CORE

Oregon, and was presented by Mr. T. B. Kittredge in 1913 (cat. V. 76). [t is
beldly Haked, of thin section, oval shape, and of fine workmanship. ltappears 1o
have been a chopping implement, is a finely made biface, and very superior in
technique to the crude Bushmain and Tasmanian implements just noted.

5. For the use of crude choppers of hand-axe shape in Patagonian antiquity
see Bird, 1938. These implements are figured on p, 272, and on p. 253 are said
to be unilaterally flaked. They appear to be similar to the Bushman chopper
described 1n note 1.

6. Inits characteristic wood-working form, one face is concave, and the other
convex, but the degree of concavity and convexity varies considerably, and the
working-edge may be gouge-like, or almost straight. However, on one side of
the working-edge there is always a pronounced bevel. In some forms there is
no concavity at the working-end, but in these the bevel on one side is larger than
that of the other, so that even in thess implements the *scooping’ effect 15 prob-
ably not interfered with, This bevel is a constant feature in all forms of the stane
adze of the ‘scoop-like” type in whatever part of the world they are made and
used, and it seems likely :Ea: its function is to assist the sharp stone edge into and
through the wood in a scooping-out action and effect.

Miss Beatrice Blackwood collected a series of polished stone adzes during her
stay among the Nauti Tribe, Upper Watut River, Morobe District, New
Guinea, in 1936-7. These adzes show much variation in the manufacture of the
working-cdge. In Miss Blackwood’s Paper (1950) the various types are dis-
cussed and illustrated, figures and dizagrams explain the curves of the working-
edgre, and the use of these tools is detailed in the text and shown by photographs
taken on the spot by the author. Variations in adze-forms are likely to be mainly
due to the nature of the work for which the implement is intended, but they may
be partly due also to individual preferences, since each-man makes his own tool.
Again, differences may be affected by the type of stone chosen for the blade
(Blackwood, 1950). The fluting effect of these adzes on the wood can be seen in
a photograph of a tree cut by 4 stone adze, taken by Miss Blackwood.

7. The Australian aboriginal stone axe is hafted with the line of the edge
parallel to the line of the haft, as in the modern iron axe, and it is also used
unhafted in the hand. Judging from the specimens examined in the Pitt Rivers
Museum, its section is thick as compared with the New Guinea adzes described
above, but its working-edge is similar with regard to the bevel on one side of the
edpe, and Hattening, &c., on the other, and its blows must have been delivered
to have the same ‘scooping” effect.

8. The Mount Hagen, New Guinea, polished-stone axes, of beautiful manu-
facture, in the Museum, are hafted with the line of the edge parallel to the line
of the haft, modern axe fashion. Four of these, probably ceremonial axes, have
fine bevel edges; one, probably a working tool, has a steep, thick bevel edge.

From Polynesia, the Museum has adzes with oblique, and sometimes ex-
tremely steep chisel edges. Some are small, others very large and massive. In
their general form these Palynesian adzes resemble the modern iron adze rather
than the Neolithic-type adzes discussed in note 6. Buck, 1936, pp. 332-3,
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writing on Samoan material culture, describes ‘an adze hafted sideways . . . and
used for felling a tree’. Thus there are considerable variations in form possible in
these wood-working tools, but the scoop-like type described in note 6 is found
among many peoples and in many of the world. In Perak, Malaya, and
from the Irrawaddy, there are adzes similar in form to the Polynesian type, having
similar steep and oblique chisel edges.

§. There are some Haked chert hoe-blades from Missouri and [linois in the
Museum. For full information as to the work-sites and manufacture of these
implements, see Holmes, 1919, chapter xvi, pp. 187—94. The working-end of
these implements differs in construction from that of the wood-working stone-
adze, but the flaking and shaping of the tool as a whole is similar in manufactur-
ing technique to the blocking out of the flaked stone adze:
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Chapter 11
TECHNICAL PROBLEMS

ments under discussion confront the worker with these preliminary
problems:
1. To find nodules or pieces of raw material suitable in size and shape
fur thc lmplemcnt required, or to work 2 nodule or PIELE down to the
requisite size and shape, or to strike a piece of the right size and shape
from a block of siliceous stone, i.e. a core.

Solution. By experimental work and by the search for, and knowledge
of, raw material. Technical advance along these lines led eventually in
Europe and America to mining for the best seams of flint and other
siliceous stone, and to advance in core technique in all areas.

2, To shape the implement and control its section by striking off
flakes from the sides (lateral margins) that will carry across both faces
of the picce of stone that is to be worked into the implement.

Solution. The cross-flaking can, with the hammer-stone, only be solved
by the use of flaking-platforms prepared along the lateral margins of the
implement, and this is the line of development in the technique of the
hard hammer-stone.

Secondary problems affecting the worker may be listed as follows:

i. The manufacture of a section-taper, and the formation of the
business-end® of the implement.

Solution. The assistance of the prepared flaking-platforms in the
course of the specialization and development of the implement.

. The problem of straightening and sharpening the edge of flat-
b:ttmnr:d cutting and piercing implements made from flaked flint.

Salution. The invention of pressure-flaking.

! In the flaked-stone adze, the poupe-like working-end needs skilful and accurate Aaking-work, The
bevel on the ‘under-ide’ of the gouge-edge must be first formed, and thien from 4 prepared platform
alang this margin the formation of the gouge-hollow must be carmied out by 4 series of fakes converging
fan-fashion on the median line of the implement. This fan-like pattern of the flakes forming the working-
end of anadze can be very well scen in & large faked fint adze Ifm:un Eastbourne (Fig. 2) in the collection
of the writes, given by Professar A. 8. Bamnes. Experimentally It wes found that the fan-flaking with i
convergent pattern came naturally when the corners at each wing of the workingedpe were rounded

prior fo the formation of the gouge-hollow. In the Stone Age implement 2 modified-gouge end with
rounded fwings is the usual pattern, and s evidently the most effective shape for wood-working.
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TECHNICAL PROBLEMS

3. The problems of shallow-flaking, ripple-flaking, and notching that
arose in later Stone Age times with increase in knowledge and skill in
stone-work, the fitting of the implemént to a wooden haft, and the urge
for sheer artistry in the mind of the worker.

Solutions. Shalloze-flaking could be obtained by hammers of a material
softer than the hard hammer-stone, and these experiments may have
begun early (see baton-work with wood, bone, &c., discussed in Chapter
VII), or follow on the discovery of pressure-flaking, and accompany the
use of bone, &c., in the diffuse-bulb techniques (see Chapter VII) of the
European later Palacolithic period.

Ripple-flaking. Further refinements in shallow-flaking and ripple-
tlaking were met by the invention of the hammer-and-punch and pres-
sure-by-impulsion (see pp. 84-87), probably as a sequel to the invention
of pressure-work. Fluted cores of the French Solutrean period in the
Pitt Rivers Muscum suggest the development of these techniques for
core-work at that time and place, unless the cores are the result of soft-
hammer techniques (see pp. 51-52). But certainly ripple-work in imp/e-
ment manufacture is characteristic of the Late Prehistoric Stone Age in
Europe and Egypt, and in the advanced flaking-work of the American
Indian. Fluted cores from which long ribbon-like flakes have been pushed
or struck off are characteristic of the Late Stone Agein Europe, the Middle
East, and India, and in comparatively recent times have been produced
by the Aztec Indians of ancient Mexico. Ripple-work was by some
peoples in Late Stone Age times brought to perfection in implement
manufacture with the assistance of surfaces prepared by grinding.?

Notching, When in some areas and in later Stone Age times, knife,
spear, and arrow-head were notched so that they could be lashed to
wooden shafts and handles, shallow-notching was made possible by
pressure-flaking; and deep-notching by hammer-and-punch.?

1 See Predynastic Egyptizn rippleflaked chert Inives, and refercoces in Sir John Evans, 18g7,

PP 4243- - L
% Fer discuston and references to litcrature, sec Knowles, F. H. 5§, 1944,



Chapter 111

TECHNICAL DEVELOPMENT IN THE
MANUFACTURE OF THE FLINT AXE
AND CORE

The Flaking-Platform

FLAKING-PLATFORM may be defined as any area upon a nodule or
Apitcc of flint from which a flake can be detached by striking, or, in
later industries, by indirect-percussion or pressure.

In the hammer-stone technigue platforms may be:

t. Natural. Anareaona piece of flint (it may be simply a prominence
on a nodule, or a flattened edge of a pebble, that makes with the face to
be flaked an angle, not too obtuse or acute) at which a flake can be struck
off from the working-face, i.¢. the face being faked.

2. Artificial. This is an area flattened by one or more flaking-blows,
on one face of the piece being worked into an implement or core, at such
an angle with the face to be flaked (neither too obtuse nor too acute) that
a flake can be struck off the working-face so as to shape the implement or
obrain a needed flake from a core. In a form characteristic of Neolithic-
type and modern Brandon cores, the platform is flat, and formed by a
‘quartering’ blow that divides the flint block into suitably shaped pieces.
In this form it truly is a ‘platform’”, But in many cases the platform corre-
sponds rather to a striking area. For it may be formed by several flakes,
as in the faceted-platforms of the ‘tortoise’-type core technique (see
pp. 47-48), or vary from the crest of a flake-ridge to the hollow of a flake-
scar, or be formed by several flakes as in some of the one-or-twa-platform
cores of later Stone Age industries. It depends upon the worker's know-
ledge and intentions, and upon the shape of the piece of flint that forms
the core, and the shape of tiake he wishes to strike off.

Axe-manufacture, using @ quartzite pebble as a Hammer:
Crude Techniques.

Crude Technique no. I, the alternate-platform hand-axe technigue. Early
stages in the development of ‘axe’ technique with the hard hammer-stone
are suggested by the early crude cores of Clacton and Clacton-type® in

i For references to Clacton and Clacton-type cores, sce Warren, 1921-3, p. 597; Chandler,
rg28—g, p. 79; and Paterson, (945, p- t-
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TECHNICAL DEVELOPMENT IN THE MANUFACTURE

the Pitt Rivers Museum with a steep edge-flaking carried out round the
block (Fig. 3), and by crude hand-axes (Fig. 4) in the collection that
appear to have been formed by similar edge-flaking along the lateral
margins of pebble, nodule, or piece of siliceous stone. This edge-faking
technique was carried out by the worker striking a flake from the lateral

Fig. 3. Chcton-type core from the Boyne Hill Temice found by A. D, Lacaille. Sesalso pp: 3647,

margin of pebble or picce across one face, and then by using the flake-
scar as a platform, striking a flake off the opposite face, and so on round
the implement. Hence the term “alternate-platform’. This method leaves
a sharp wavy edge.

Experimentally, the hammer-stone and alternate-platform technique
produces wavy edges, unflaked areas of cortex in the middle of the imple-
ment, thickness of section, and a generally clumsy result. Such results
are to be seen in two crude, and in appearance ‘early” hand-axes in the
Pitt Rivers Museum. The first is labelled *Factory site above Nahun
River, near E, London, 5. Africa, d.d. H. Balfour 1910, and the second

J4



OF THE FLINT AXE AND CORE

*Race Course, Pictermaritzburg, d.d. C. G. Bliss 1927". This latter is a
crude specimen, made from a piece of tabular siliceous stone, and shaped,

apparently, by alternate flaking.

Crude Technique no. 2, flaking across one face
only, or part of one face of a pebble or nodule, by
blowos along the lateral margins. This method is to be
seen in a small Palacolithic hand-axe made from a
flaked pebble from Swelenden, C.C., South Africa,
given by Dr. van Hegrden in 1929, in a pebble
Palacolith from Biddgnham gravels, Bedfordshire,
collected by the writer in 19og, and in the sharpen-
ing of the ends of Tasmanian flaked-pebble picks
or choppers in the Westlake collection in the
Museum. Uniface and semi-uniface axes or chop-
pers made in thisiway, but often of very fine
workmanship, were made by the farmer aboriginal
inhabitants of Kangarga Island, South Australia.
Specimens presented by Profgssor. A. S, Barnes and
Licutenamt H. M. Cogpkr are in the Museum, and
the implemens are described and figured by
Cooper, 1943.

As a matter of fact, titis technique of flaking
across one face is the preliminary stage in the
manufacture of an axe, by the prepared-platform
method, from a flattened pebble or nodule, and a
fine flaking-pattern can be obrained by a skilled
worker. Thus these Australian implements may be
the work of a people who knew all about the
manufacture of biface implements by the prepared-
platform method, but preferred this simpler method
because the implements so produced did the work
required. This argument would apply also to the
Palaeoliths and to the Tasmanian picks noted above,
but the work on them is so very much cruder than
that of the Kangaroo Islanders that it suggests
want of technical knowledge rather than purposeful
crudity,

A further example of native edge-fiaking tech-
nique may be seen in a Bushman chopper in the
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E. J. Dunn collection in the Muscum (cat. 1940.10.9, D. 11, V. §).
This implement is made from a greenish-coloured pebble of a coarse-
ained rock. It has been crudely edge-flaked, mainly on one face. It
is figured in Dunn 1931, Plate V, no. 8.
Crude Technique no, 3, flaking from the edges of one face only of a massive
ate. This method is to be seen in a Palacolith from a gravel-pit near
Bedford, collected by the writer in 1904, and now in the Pitt Rivers
Museum. The implement has been made from a flake in which only the
non-bulbar face has been flaked. Two Bushman choppers in the E. .
Dunn collection in the Museum are made by a rather similar edge-
flaking technique. One (cat. 1940.10.9, D. 9, V. 5) is made from a large
piece or massive flake of quartzite; one face is unflaked, the other appears
to have been crudely flaked, resulting in a high median ridge and thick
triangular section. The other (cat. 1940.10.9, D. 30, V. 3) appears to
have been made from a picce of quartzite; the unflaked face is the outer
surface of the pehble or boulder from which the piece was obtained; the
flaked face runs to a high median ridge, and a thick and more or less
triangular section is thus formed. Both choppers are illustrated in Dunn,
1931, Plate V, nos. 5 and 3.

Besides the alternate-platform method, then, there were two other
variant methods, technically crude, but efficient in sharpening pebble or
picce into an edged and pointed implement. In Palacolithic times num-
bers 2 and 3 may have been alternative techniques, or simply used at
times or by workers along with the alternate-platform method, but
examples of the two variant methods are rare among the hand-axes in
the Pitt Rivers Museum. It is very interesting to see that such crude and
‘early’ methods were employed by the native stone-worker within recent
times, yet these methods evidently produced implements that were ade-
quate for the purpose for which they were intended.

Technical Difficulties

The modern experimental worker finds three difficulties in making
a flint axe, and these difficulties must have equally confronted the early
stone-worker.

t. The impossibility of flaking from a square edge, such as is found
on the broken margins of tabular flint (i.e. thin continuous seams to be
sometimes seen crossing chalk quarry faces), and probably also in places
on flattened irregularly shaped nodules.

36



OF THE FLINT AXE AND CORE

2. The difficulty of flaking away steep and deep margins, rounded or
irregular, such as may be found on large irregularly shaped nodules.

3. The impossibility of flaking properly by a blow directly on to a
sharp edge; and the difficulties in cross-flaking a biface by blows ‘off’ the
edges, owing to the thick short flakes produced by this method (alternate-
platform technique).

Solutions Found Experimentally

1, A square edge! must be trimmed away by alternate-platform flak-
ing, for a direct blow only drives in and breaks up the flint. The worker
starts therefore at a corner. One blow takes the corner away at a slant.
Then he uses the scar so formed as a platform for the next blow to take
away a piece of the opposite edge, and thus gradually criss-crosses the
square edge away to leaye in its place a sharp wavy edge. This technique
is useful at any time or place, for it may be used to remove a square or
abrupt edge in axe- or arrow-head manufacture, so that although it is
‘early’ in technique as far as core and hand-axe are concerned, it might
be employed, where necessary, at any date.

2. Much the same method as the above must be used to reduce the
deep margins of large and irregularly shaped nodules. A flattened or
thin place must be found along the margin, a flake struck off at a slant,
its scar used as a platform, and the margin alternately flaked away as
already described for dealing with a square edge.

An example might be noted here of the hand-axe (cat. 1947.8.16in
the Museum), where the worker has taken not one flake from a platform
provided by a previous flake-scar, but several flakes. This is common
sense, for where the platform is suitable, why turn the hand-axe as long
as flakes can be obtained from the platform?

It is just this deviation that might well be the first step to the realization

¥ Tubulir flint ronning in & continuous sexm breaks up with square edger. This type of fling scems
to have been little used by the stone-worker in this country, for there is anly one Palasolithic hand-aye
in the Pitt Rivers collectons that éan be ascribed definitely to this form of material. Neolithic' man at
Chisbury appears also to have disreparded it us material for axe-manufacture, to judge from the material
in the Museum. But sime limd:azed from South Africa in the collections suggest the nse there of thin
seams of siliceons stone; in one from the Race Course, Pletermaritzburg, given by C. G. Blis in 1927,
a piece of the squure edge of the tabubir mraterial # presnt, unflaked. It may depend on loal dreum-
stances, secessibility, or reliability in suanuficture, 1 1o whether this form of fint was used or nor. The
larpe Clacton-type care from the Boyne Hill Terrace found by Mr. A. 1. Lacaille m made from = lar
flsttennd waduir of very irreguins shepe and thicknes, The Museom hes a cast (cst. 1941.1714) m.lgz
and presented by Professor A. 5. Barnes (Fig. 3
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TECHNICAL DPEVELOPMENT IN THE MANUFACTURE

that a suitably prepared platform was an advantage not for one flake only,
but for a whole series of flakes, and so lead on to the purposeful prepara-
tion of a long marginal flaking-platform.

Fic. 5. Unfinished Falaeolithic
ovate xxe, showing part of care-
I‘nli} prcp.trtd faking-platform or
ed edge’. T see the Haking-
E.Iatfurm to the best advantape,
Id the page flat with the odge
near to the eyes, and look along the
length of the implement, Down-
ham, Suffoik, J. W. Fiower coll,
1864. Drawn by 1. M. Allen,
Seale 1ft.

3. If the worker tries to flake across the un-
flaked face of the ‘uniface’ from the partially
rounded, partially sharp edges left by Crude
Technique no. 2, or across the faces of a flake
from its sharp margins as in Crude chhniqm:
no. 7, he will find that his blows only break in
on the edges and at best only pmducc short
clumsy flakes that do not rraval across the
unflaked areas.

It is not untif he has found that the solution lies
in preparing a platform along these edges (Fig.
5, also Fig. 18) for his_faking-blows that he can
obtain long flakes that will run acraoss (eross-flake)
hix implement to the mid-line or farther.

This technical advance will lead him:

1. To form platforms along the margins of
the half-flaked nodule or pebble so that he is
able completely to cross-flake the unflaked face.

2. When he has trimmed away a square edge,
to form a marginal flaking-platform to deal with
the sharp edge formed by his first flaking.

3. When flaking from the edges of a flake
across the flake-face, first to prepare marginal
platfurms along the edges at a suitable ‘faking-
angle’.

In a study of the technique ﬂf arrow-head
manufacture (Knowles, F. H. S., 1944), the
writer has termed the }m:part:d mnrgl_nnl Haking-
pla:fnrm a ‘turned edge’, because the lateral
margin or edge of a faked implement is
‘turned’, i.e. blunted by flaking, so as to 'set” it
at the correct slant or slope to form a flaking-
platform for the cross-flaking process.

The Developed Technigue of Axe-Manufacture
In axe-manufacture, as in arrow-head manufacture, the ‘turned edges’,
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OF THE FLINT AXE AND CORE

i.e. the prepared marginal flaking-platforms, will enable the worker to
cross-flake both faces of his axe and to thin and shape its section.

In a flat pebble or nodule a series of blows along the rounded lateral
margins will serve to cross-flake one face; next, a series of light blows
along the edges so formed will *blunt’ the edges and form marginal plat-
forms from which a further series of blows will cross-flake the unﬂukcﬂ

Fic. 6. Flaking a flint nodule with:a quartzite hammer-stone.

face (Figs. 6 and 7). In a square-edged piece, the square-edge must be

first trimmed away as explained in Experimental Solution no. 1, and a

‘turned edge’ then formed along the lateral margins for the cross-flaking
rOCEss.

. Anirregularly shaped and steep-margined nodule must first be treated

in much the same way. See Experimental Solution no. 2. Then ‘turned

edges’ must be formed for the cross-flaking process.

If the worker is using a large flake to make into an axe, then he must
‘turn the edges’ for the cross-flaking blows, as in arrow-head manufacture
from a smaller flake. Bee the descriptive figures in the writer’s paper on
arrow head manufacture (Knowles, F. H. 8, 1944) and Figﬁ 8-10.

If aroughed out; suitably shaped picce is used, then the margins must be
trimmed toallow the preparation of the flaking-platforms or turned edges,
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Diigprarisaric sectiomal olem
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Diagrommasic pectiomal Fiem
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TECHNICAL DEVELOPMENT IN THE MANUFACTURE

Itis never casy. The nodule or piece must be of suitable shape, all blows
must be correctly judged in strength and accuracy, the axe-in-making
must be free from flaws and inclusions that would affect the run of the
flakes, Much skill is needed and knowledge of the material. But the
prepared-marginal-platform technique made possible the manufacture
of the beautifully made implements produced by the Stone Age crafts-
men.

Technical Stages in the Manufacture of a Palaeolithic Biface Flint Hand-
axe, and a Nealithic Flint Addze, with a Quartzite Pebble as Hammer-
stone, based on Experimental Work, 1

Raw Material. A suitably shﬂped nodule, a large flake struck from a
block, or a shaped piece of fiint.

Palaeolithic Flint Hand-axe

Stage 1. Preliminary trimming and shaping the piece, if required by
the form of the raw material. See Note 1 below, on p. 43.

Shaping, and forming the section, by cross-flaking (see Note 2 below)
both faces of the nodule, flake, or piece. This is carried out by blows
along the lateral margins with the aid of prepared-platforms (see
p- 38).

Stage 2. Straightening and correcting edge, removing spurs, and
general timming,

Neolithic Flint Adze

Stage 1. Preliminary trimming and shaping the piece, if required by
the form of the raw material. See Note 1 below, on p. 43, :

Shaping, and forming the section, by cross-flaking (see Note 2 below)
both faces of the nodule, flake, or piece. This is carried out by blows
along the lateral margins with the aid of prepared-platforms (see p. 38).

Stage 2. A further series of flakes along the lateral margins to trim
them, and to prepare the tool for its wooden haft. This second flaking
series often overlies and confuses the prior flaking-pattern.

Stage 3, Forming, by flaking, the working-end and edge of the adze.
See Note 1 on p. 31.

Stage 4. Grinding, if this technique is carried owt, either wholly or in
part, as a finish to the implement, or as a smooth polish or finish to the
working-end and edge.
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OF THE FLINT AXE AND CORE

Naotes

1. With a suitably shaped nodule, the worker could start at once with the
cross-flaking process.

2. Cross-flaking, i.e. flakes struck from the lateral margins that run across the
face being flaked to the mid-line or farther.

Core Technigue, 1

Similar to axe-technique problems are those involved in the change-
over from the Clacton-type core to the 'tortoise’-type core, for the worker
needs the knowledge of platform-preparation in order to shape the type
of flake that he requires on one face of his core, and then form a striking-
platform that will enable him to remove it from the core by one well-
directed blow. In the ‘tortoise™~type core technique such a platform is
known as a prepared-platform or a faceted-plattorm, the latter term
meaning that the series of blows that make the platform often, though
not always, leaves small facets on the flake-platform and on the core.

To judge from some crude Palacolithic cores in the Pitt Rivers
Muscum, advance in technique has taken place, (1) when the worker
wished to detach symmetrical flakes from the working-face of his core,
as in the single mid-ridged flake in the Clacton industry; and (2) when
he found that by one or more blows at the base of the flake he wished to
detach, he could make a slanting platform that would enable his final
blow to take a long flake off, because by the angle so formed his blow
would drive well across the working-face of the core.

A blow on the timmed butt of a hand-axe directed towards the
pointed end would produce a large wide flake to thin the section. This
could give the worker the idea of making a similar core to produce
a similar flake, i.e. a ‘tortoise™core. Advance in technique in core and
axe manufacture are likely to have been parallel, since their problems
are alike. The problems of core and implement work appear always to
be interrelated, as may be seen in the fluted cores and fiuted implements
of the later Stone Age.

Axe Manufacture, 2

Technical evidence of the development of ‘axe” manufacture. Clues to the
course of development are presented by some Palaeolithic hand-axes in
the Pitt Rivers Muscum, either rejected in the process of manufacture,
or with patches of the opening stages of the work not entirely obliterated
by the final finishing touches, i.e. the secondary work. There are also in
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TECHNICAL DEVELGOPMENT IN THE MANUFACTURE

the collections representative series of implements, finished and un-
finished, from Neolithic English, Welsh, and Irish axe-making sites,
also from a recent New Guinea factory site.

Technical Evidence from the Lower Palaevlithic

Examples of Lower Palacolithic hand-axes in the Museum suggest that
the knowledge of elaborate platform-preparation was arrived at by slow
degrees, and that the earlier attempts consisted of crude and partial
preparation of portions of the lateral margiuf. of the implements, These
examples cannot be arranged in any nme-ﬁ&q uence, so that they must be
considered only as interesting * pointers’ to a likely course of development.

The specimens in the Museum that demonstrate the stages in platform-
prcpmu'on are the following:

Hand-axe labelled *Unfinished Chellean implement (a failure), ?Swans-
cnmbc Purch. 15.11.1927, Stevens'. This specimen shows a modified alternate-
platform technique; several flakes appear to have been struck from one flake used
as a platform.

2. Hand-axe labelled ‘Somme Valley, France, A, M. Bell {:ﬂli Purch. 1g00".
Several flakes form a wide flaking-platform along one margin of the butt.

3. Hand-axe labelled ‘England, 1947.8.16, d.d. Sir F. Knowles'. This is a
hand-axe in course of manufacture from a small nodule. Along one lateral margin
several flakes form a continuous platform from which fakes have been struck
across one face; on the other margin oxe large Hake forms a platform from which
several flakes have been struck to meet the above-mentioned cross-flakes. The
P]atfm'll‘l-t:d face has not been struck.

ear-shaped Acheulean-type hand-axe from Kenya (1947.2.459, d.d.
5% 5 B. E:akcy} has a boldly, though rather crudely, fluked platform extending
across one of its lateral margins, from which flakes have been struck across one
of its faces.

A finely made Acheulmn—t}rpc ovate hand-axe labelled ‘Downham, Suffolk,
:364, J. W, Flower coll,’ shows on part of its margin the remains of a ﬁnc]}
chipped flaking-platform, which would suggest that at the time this axe was made
the worker knew all about the advantages of a careful preparation of the lateral
margins of his hand-axe, so as to be able to cross-flake it successfully and cantrol

the section (Fig. 3).

Technical Evidence from the Upper Palaeolithic

In the French and Palestinian Urﬁpcr Palaeolithic collections in the Museum
there are no large thick hifaces, so that ne technical evidence is available for this

period.
T'echnical Evidence from the Mesolithic
1. In the Museum there is a small ‘axe’ labelled *Denmark, Kitchen Midden,

44



OF THE FLINT AXE AND CORE

P.R. coll. 957", This implement is flaked across one face only from two crudely
flaked plattorms running along both lateral margins. The working-edge is
formed by a cross-flake (tranchet-technique). Other similar types of implements
in the collection are made by similar technical methods.

2. An implement labelled ‘Mr, Carmel, Palesting, Mugharet ¢l Wad, Layer
B.z (Lower R’atuﬁan}, d.d. B.5.A.]., 1932" is a biface (7chopper) resembling 1n
shape and technique a small hand-axe, although crudely made and thick in
section compared with a good Palaeolith.

Technizal Evidence from the Neolithic

The Museum has representative collections from the English site at Cissbury.
See Fox, A, Lane, 1876.

Collections from the Welsh site at Craig-Lwyd. See Warren, 1919, p. 342.

Collections from the Irish site at Cushendall. See Knowles, W. 1, 1903,
p. 360:

On all these factory sites the technique of the prepared platform has been used
in the manufacture of stone adzes. Specimens trom the sites that illustrate the
technique are shown in a case in the Museum devored ro Axe Manufacture.

Technical Evidence from Madern Stone Age Peoples

The Museum has a series of specimens from an adze-making site on Wood-
latk Island, New Guinea (Seligman and Strong, 1906, p. 348). The prepared-
platform technique was in use on this site, and examples to illustrate this are
shown in the case on Axe Manufacture,

In both the Neolithic and Recent Stone Age factory sites notes above,
the character of the flaking appears similar to that produced by a hard
hammer-stone, and carefully prepared faking-platforms were made
along the lateral margins of the adzes in course of preparation. Among
the Craig-Lwyd and Woodlark Island specimens there are two examples
in which the worker has made use of a natural platform running along
one lateral margin provided by the rock formation. The two specimens
are identical in workmanship and appearance, even the colour and
appearance of the siliceous stone being alike, In all these sites also tech-
nical knowledge is advanced, skill and craftsmanship supreme, and the
worker, both prehistoric ‘white' and modern ‘black’, turned out beauti-
fully made and efficient tools.

Summary

It seems from the foregoing evidence, therefore, reasonable to presume
that ‘evolution’ in hammer-stone technique proceeded from the crude
edge-flaking techniques of early times to the use of more elaborately
prepared platforms, with a consequent improvement in cross-flaking,

45



TECHNICAL DEVELOPMENT IN THE MANUFACTURE

section-shaping, and the preparation of the working-end in the adzes of
later periods, and that this technique of the hammer-stone and marginally
prepared platform was in usc in widely separated geographical areas, and
also within quite recent times.

Fig: t1. Clacton-type core, Stellenbosch. C.Ci; d.ud. H. Balfour, 1903,
i

Core Technigue, 2

A study of Core Technique was undertaken by the writer for the Pitt
Rivers Museum, and a classification of cores attempted. The results are
shown in the Core Exhibition in the Upper Gallery. The summary given
here will explain the suggested course of development.

Clacton-type Caores
1. The carliest type of core represented in the collections is the alter-
nate-platform core (see p. 33 and Figs. 3 and 11). Examples include
type-specimens from Clacton presented by Mr. Hazzledine Warren, the
cast of a large Clacton-type core found by Mr. A, D. Lacaille in the
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OF THE FLINT AXE AND . CORE

Boyne Terrace, made and presented by Professor A. 8. Barnes, alternate-
platform *biconical” cores from South Africa; cores from the Palestinian
Lower Palaeolithic of Mount Carmel, presented by Professor D. A, E.
Garrod, and a few cores of this type collected by the writer from the
Biddenham gravels.

To judge from these examples, the form of the material usually chosen
for this technique was a piece or nodule of flattened shape. Flakes were
struck from the margins of the piece of material by the alternate-platform
method. In symmetrical cores the flaking was proceeded with round and
round the piece until its Haking possibilities were exhausted, and the final
reject state was likely to approach a biconical shape. In irregularly fat-
tened material only part of the core may have afforded the required
flakes, and the reject would then be of irregular form (chopper-cores?).
Professor A. 8. Barnes preferred the rerm alternate-platform cores, and
the writer named them edge-flake cores.

‘Tortoise’-type Cores (Figs. 12-14)

2. With the development of a more elaborately prepared platform the
core technique evolved along the lines of the preparation of a symmetrical
flake on one face of the core. In the skilfully designed ‘tortoise’-core a
platform was faked all round the core in order to form on one face, by

g &

I

Fic. 12, Technigue of the manufacture of s "tortoise™core. Core und Huke made with quarizite hammer-
stone by the author.

";‘ 'gil;:’phlfurm ipproximate outling of the piece'of Hint from which the core way made.
C. First series of flakes shaping sides of core:

D. Secand series of fakes shaping fAake on the fice of the core,

E. Flake forming the platfirm from whick the Bake on 'the fice of the care 1s struck off,
F. Plice struck by final blow detacling Hake formed on the face of the core.
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MANUFACTURE OF THE FLINT AXE AND CORE

the next serics of flakes, the flake-implement required by the worker,
This flake-implement was then struck off the core by a blow on the part
of the platform forming the base (bulbar-end) of the implement, By

Fig. 13, “Tortoise’- or Levallois-type core from Buker's Hole, Northfleet, Eent. James Crest cnll,
Parch, 1918.

differences in the shape and make of this type of core (but all with one
underlying technical idea, i.e. the formation of the flake required onone
face of the core) many different shapes of flake could be obtained by the
worker. This type of core is characteristic of the Middle Palaeolithic
period, and was termed a top-flake care by the writer, and a multiple-
platform core by Professor Barnes.
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TECHNICAL DEVELOPMENT IN THE MANUFACTURE

*Maodern'-type Cores (Figs. 15, 16)

1. Somewhere between the Middle and Upper Palacolithic period,
the ‘tortoise’-core technique was given up in favour of flaking from plain
platforms, formed by one or more blows, down the sides of the core and
all round the core where the shape permitted. This technique seems likely
to have been developed from the ‘tortoise’-type two-platform core, and

Fic: t6. *Modern'-type core, quarrnite, River Jordan, Brighton, Tasmiinia, Weitlake eoll.

trom the preliminary stage in one type of ‘tortoise’-core where a plﬂtt'nrm
may be formed by flaking round the sides of a flat-topped piece of Hint.
These ‘modern’-type cores were termed side-flake cores by the writer, and
end-platform cores by Professor Barnes. They are found in the Museum
collections from the Upper Palacolithic, Mesolithic, and Neolithic, and
are also the predominant type of core in the collections from the recent
stone-working peoples of America, South Africa, Australia, and Tas-
mania. It isa simple and effective ﬂaking—t-::clmiqu—::, and, with a platform
made by one ‘quartering’ blow, is in use at the present day by the gun-
flint knappers of Brandon in Suffolk.
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OF THE FLINT AXE AND CORE
‘Modern’-type Cores with Diffuse-Bulé Pits

3a. In the Museum’s Upper Palaeolithic collections appear cores that
show shallow flaking and diffuse-bulb pits, and flakes that have diffuse-

Fic. 17 Cores with shallow flaking and diffuse-tnilb pits, Upper Paliealithic

Abese: Badegoule, Solutrean; Palestine, Mugharet ¢l Wad, Lower Aunignacian; Le Eyzics, Upper
Pukacolithic ;
Beirm: Grote du Placard, Lower Magdalenian; Liussel, Upper Aurignacian: La Ferrassie, Aurignacian.

bulbs.! They occur in the collections from the Lower Middle Aurigna-
cian of Palestine, from the Upper Aurignacian of the Dordogne, from

1 For ‘diffuse-bolbs’ and “soft-hammers’ see Chuprer V1.
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MANUFACTURE OF THE FLINT AXE AND CORE

the Solutrean of Badegoule, and from the French Lower Magdalenian
(Fig. 17). These cores cannot have been the work of a hard hammer-
stone, though they might be the work of a soft-hammer, for it would
scem likely that by the time of the French Upper Palaeolithic, experi-
ments with antler, bone, &c., would have shown the worker the advan-
tage of hammer materials softer! than the hard hammer-stone. Butin the
Early Upper Palaeolithic of France comes the Pressure-Flaking Tech-
uigue. It is complementary to the use of the hammer-stone, and is neces-
sary for fine flaking-work. Its early use may be seen in the narrow-flaked
working-end of Aurignacian nosed-scrapers. Thus the diffuse-bulbed
cores might be explained by a likely development of hammer-stone work
and pressure-flaking, i.c. by the use of Hammer-and-Punch and Impul-
sive-Pressure, For the modern experimenter finds that in pressure-flaking
a strong ‘jerk’ is needed rather than a steady pressure. Professor A. P.
Elkin's observations (see p. 89) show what the skilled hands of the
Australian aboriginal stone-worker can do by unaided pressure. But with
the urge to get off still longer pressure-flakes, it seems likely that some
inventive Stone Age genius experimented with direct blows on the
pressure-flaking tool in order to increase the force of the jerk. From this
would naturally develop the techniques of hammer-and-punch, impul-
sive-pressure, and the combination of the two described by Catlin (sce
pp. 84-87).

Chipped and flaked platforms are often to be scen on cores flaked by
diffuse-bulb methods, These cores are so prepared in order to seat the
flaking-tool (see p. 75). In these cases, the worker's idea is completely
different from that of a maker of a ‘tortoise’-type core, although the plat-
form is, nevertheless, a 'prepared’ one.

t The writer, tising & hard-wood handle” in experimental core-flaking, found the results dissppointing:
even though the ‘baton’ was weighted with lead, it had not the weight necessary to obtain Hakes from
the flint core: Professor Barnes, in the writer's presence, used a length of heavy antler, but only sicceeded
in striking broad thin flakes from the fiint core, “scaling” it rather than faking ir. Other forms of ‘soft’

himmers might give better results, A large and heavy antler-boss shaped 2nd used like 2 hammer-stone
might prove an efficient flaker,



Chapter IV

4. TECHNICAL DEVELOPMENT IN THE
MANUFACTURE OF THE FLAKED-POINT
USED AS SPEAR-HEAD, KNIFE, OR ARROW-
HEAD

ITH certain exceptions, viz. bevel-edged knives, Egyptian

‘ x ] ripple-flaked knives, and Danish flint daggers, the flaked spear-

head, knife, and arrow-head differ but little, technically, save

in size. The general likeness is shown by American Indian arrow-head-

shaped and notched implements; only length and size distinguish be-
tween arrow-head, spear-head, and knife.

There are two main lines of descent in the development of the flaked-

point, when considered from the point of view of the form of the material
used and the technical methods employed:

I. The flaked-point made from a flake.
II. The flaked-point made from a picce of flint shaped from a seam or

nodule.

L. The use of a plain pointed flake as a knife when fixed in 2 short
wooden handle, or as a spear-head when attached to a long shaft, is
common among all Stone Age peoples. The preparation of such a flake
by secondary flaking-work in order to give it shape, symmetry, and a
means for attachment to its handle (notching, or shaping the butt) follows
in its development as a specialized form of implement. But with regard to
the secondary work there is considerable freedom of choice and prefer-
ence on the worker's part as to how far and to what extent the secondary
work should go, whether the flake is better flaked across one face only,
or on both Faces, what shape is preferred, and how it should be hafted.
Thus one has on the one hand the development or evolution of a plain
flake to an artistically cross-flaked spear, knife, or arrow-head, and on the
other hand the use, for choice, of a comparatively crude flake spear or
knife at a time or place where a finer product would seem more likely,

For the arrow-head, the use of a finely cross-flaked and symmetrical

int seems to be general (exceptions are the tranchet arrow-head and
the Bushman chip-edged arrow-point) at times and in areas where the
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4. TECHNICAL DEVELOPMENT IN THE FLAKED POINT, ETC

flint-pointed arrow was in use. This was presumably due to the need of
symmetry for accurate shooting; otherwise a point with much less work
on it would seem likely to be chosen for a weapon thar was so often lost
in use. At the same time the artistic feeling of the Stone Age craftsman
must be taken into account; witness the care lavished on his fragile flaked
spear-head by the Worora aboriginal (see p. 89"

If the use of wood, bone, or antler baton is postulated, then the cross-
flaking of the flake to be used as a point, if not inherited by tradition,
could follow on by simple developmental degrees. For the work of Pro-
fessor A. S. Barnes, exhibited in the Pitt Rivers Museum, illustrates the
ability of the baton to fake from an edge, and this technical advantage
is discussed and illustrated by M. Frangois Bordes, 1947. His work is
further discussed on p. 63 of this paper.

But the cross-flaking of a flake by quartzite hammer-stone is a more
complicated process, and needs the previous preparation of marginal
flaking-platforms along the flake's edges (Fig. 18, also Fig. 10). In the
hard hammer-stone technique we are therefore faced, from a develop-
mental point of view, with three possible lines of descent.

1. By tradition. Since the technique of cross-flaking with a hard
hammer-stone had been developed in hand-axe manufacture in Lower
Palacolithic times (see Chapter IIT), then it would seem the natural
course that this knowledge should be passed on down by tradition and
used in later times to manufacture with the hammer-stone the finer biface
implements such as the spear, knife, and arrow-head.

2. By development. Proceeding from one step to another; shaping the
flake, cross-flaking part of it (finding out the necessity of a marginal
flaking-platform); cross-flaking one face only (using one pair of margin-
ally prepared platforms); then the final cross-flaking of the other face
(using two pairs of prepared platforms), thus turning the flake into a
biface implement.

3. By rediscovery. The prepared-platform technique has been redis-
covered b}' some modern Brandon workers, as may be seen from arrow-
heads in the Pitt Rivers Museum made by Mr. Fred Snare and Mr.
William Spalding.' Thus it is quite possible that it should similarly have
been arrived at by the earlier worker when he wished to cross-flake his
flint point, either to make it more efficient, or to satisfy his artistic sense.

¥ The results they achieved show plainly that they understood the techmque, but they kept it 2 secret.
“T'he prepared-platform technique was independently discovered through experiments by the author,
and the first leetate presentation was made by himin 1944, See Knowles, F. H, 8. 1044 —Editors.
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Fic. 18, Three double-ridged fukes struck by the writer with a quartzite hammer-stone. No. 3 shows
the ‘mirned edge’; or the prepared marginal platform shong one edge,



A TECHNICAL DEVELOPMENT IN THE MANUFACTURE OF

So far as ‘By development® is concerned, the following theoretical
developmental series could be arranged from the collection of Kenya
obsidian implements presented by Dr. L. §. B. Leakey.

Made from a pointed flake with single mid-ridge, 4, &, ¢

Type of flake used unknown; 4, ¢, -

a. A plain pointed flake with 3 mid-ridge either single or Y-shaped.

b. This type of flake dressed to a symmetrical shape and point,

¢. The bulbar end thinned down by Haking.

4. Flaked across the non-bulbar face; a uniface.

¢. The bulbar face trimmed, or partially cross-flaked.

f. The bulbar face completely cross-flaked, a biface.

Type  was made and used in earlyand late Stone Age times and in many parts
of the world.

Type & was in use in the African Middle Stone Age, and is present among the
specimens from the Levalloiso-Moustierian of Mount Carmel, given to the
Museum by Professor D. A. E, Garrod.

Type ¢ is found in Bambata Cave, Rhodesia. See Armstrong, 1631.

Type d is represented in the Museum by Pirri paints from South Australia,
by a South African leaf-shaped uniface given by Mr. J. A. Swan, and by a
Solutrean uniface.

Type ¢ is found in the Bambata Cave (Armstrong, 1931), and in Palestine,
Et Tabun Cave, Mount Carmel, Lower Levalloiso-Moustierian, ‘Point with
hulbar face retouch’, Garrod and Bate, 1937, Plate XXXVII, fig, 2.

Type f is represented in the Museum by European Upper Palaeolithic
flaked-points, by African (Stillbay, &c.) flaked-points, by flaked-points of Euro-
pean Neolithic and Bronze Age times, and by flaked spear-heads, knives, and
arrow-heads made by recent Stone Age peoples.

Nevertheless, a pointed single-midribbed flake is a very difficult sub-
ject for cross-flaking, because of the difficulty of flaking through and
across the high central ridge. A symmetrical double-ridged flake, or a
flattened picce of material, would be a much easier picce for the develop-
mental process. Hence the plausible theoretical series outlined above may
not have worked out in practice without the use by the worker after
stage ¢ of a double-ridged flake or a piece of thin tabular or seam material.

II. The manufacture of a flaked-point from a shaped picce of flint.
Knife, spear-head, or arrow-head can be made from thin seam siliceous
material. See Chapter X, p. 99. These implements may also be made
from thin flat nodules. See Chapter X, p. g9, Indications of the use of
this type of material are shown by patches of cortex on two specimens in
the Museum, one a Danish flint knife, the other a ripple-flaked Egyptian
chert knife. Or they may be made from fattened pebbles. Sce the quartzite
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THE FLAKED POINT USED AS SPEAR-HEAD, ETC

pebble industry at Piney Branch of Rock Creek, Washington, D.C.,
described by W. H. Holmes, 1919, Chapter XIII, pp. 159-72.

Using the hard hammer-stone technique, development would follow
along the lines of axe-manufacture as reviewed in Chapter I11, and reach
its full development with technical methods based on the preparation of
long marginal flaking-platforms (the turned-edge technique).

For seam material where the fracture is at right angles, alternate-flaking
is first needed to prepare the edge for subsequent platform manufacture
(see p. 37)- _

In nodules or pebbles of flattened shape, the natural platform provided
by their sides is usually sufficient for the first cross-flaking (see p. 39).

Points can also be flaked down from % core or piece. See Professor A. P.
Elkin's (1948) account of the manufacture of spear-heads by the Kim-
berley aborigines.

Difficulties in Fudging the Course of Develapment

Any theory as to the likely course of technical development of the
flaked-point is complicated by the type of hammer presumed to have
been used, and by the form of the material used, which may possibly
have been dependent upon the shape and quality of the raw material
available.

Experimental Evidence

Experimentally, the aid of long marginally prepared flaking-plat-
forms (the turned-edge technique) was found to be essential for the
successful cross-flaking of points with a quartzite pebble as hammer
(Knowles, F. H. 5. 1944).

Evidence from the Modern Stane Age Worker

Professor A. P. Elkin (1948) shows that the long marginal Haking-
platforms were in use among the Kimberley aboriginal spear-head
makers, both for the preliminary hammer-stone work and for the finish-
ing pressure-flaking process. American Indian point-flaking tools and
accounts of their arrow-head manufacture are set forth in Chapter VIII
of this paper, but there is need of a detailed explanation of the technical
steps in the manufacture of their flaked-points.

Finishing Pracesses in the Manufacture of a Flaked-point

The recorded use of pressure-technique among recent native flaked-
point makers has already been noted. And it is reasonable to suppose that
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F. TECHNICAL VARIATIONS IN THE MANUFACTURE OF

diffuse-bulb techniques such as hammer-and-punch and impulsive-pres-
~ sure may have helped to produce large fluted and ripple-flaked imple-
ments (see pp. 60 f. and 74 £). Thus these diffuse-bulb techniques also
enter into the development and evolution of the flaked-poing, and form
a part of its technical history.

B. TECHNICAL VARIATIONS IN THE
MANUFACTURE OF THE FLINT SPEAR-
HEAD AND KNIFE AMONG MODERN
STONE AGE PEOPLES

Australian Aborigines

In South Australia the plain pointed flake is used as a spear-head.
But among the Kimberley District tribes most artistically flaked biface
spear-heads arc still made at the present day (Elkin, 1948). In South
Australia the finely made Pirri point is found. It is flaked on one face only,
and in its larger sizes may have been used as a spear-head (Campbell and
Noone, 1943, p- 290 and Figs. 1—20). The date of its manufacture and
use seems to be uncertain, but technically it represents an intermediate
stage between the plain flake spear-head and the biface spear-head. Thus
certainly two and possibly three ‘stages in development” were in use at
the same period of time among the same people. Professor A, P. Elkin,
in a review of Knowles (1944), says of the spear-point manufacture by
the aborigines of northern Kimberley, north-west Australia: ‘It is recog-
nized as a highly skilled work, and only members of the tribes who
possess the craft attempt it’ (Elkin, 1944-35, p. 168). Skill and choice
both play their part in determining the type of implement made and used
by the Stone Age worker.

Admiralty Islanders

Variations in technique are shown among the obsidian flake spear-
heads and knives of the natives of the Admiralty Islands. These imple-
ments are made of plain flakes, single-ridged, double-ridged, or
Y-shaped. But the Muscum possesses some which have been shaped by
marginal flaking, apparently percussion-flaking with a hard hammer-
stone. This shaping may be done by steep faking along a steep lateral
margin, 85 in specimen No. 1944.12.123, or by small flakes struck from
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FLINT WEAPONS AMONG MODERN SPONE AGE PEOPLES

along the edges to give a leaf-shaped form to the implement. The points
of these flake-implements also are in some examples formed by what may
have been a combination of percussion and pressure work, or perhaps
sometimes by pressure alone. A specimen in the writer's collection is
thinned down by blows down the non-bulbar face, and when taken from
its haft, the platform and bulbar end was found to have been trimmed
down by fine flaking to facilitate hafting. Thus the range of the Ad-
miralty Islander’s flaking knowledge was not restricted to obtaining these
large and beautifully symmetrical flakes from an obsidian core, as might
at first sight appear.

American Indians

Over the stone-working areas of America the beautifully made flaked-
point, large spear-head and knife, or small arrow-head is a characteristic
product of the craftsmen, But there are in the Museum some arrow-head-
shaped implements made from flakes flaked across one face only (uni-
face), and probably used as knives. Two of these are notched, one from
Kentucky, the other from Illinois. A third, a plain specimen, comes from
Arizona. Joyce (1932) describes a series of spear-heads of a form which
appears to be typical of the Belize River. They are made from single-
ridged flakes, the tangs worked out by percussion-flaking, and the edges
and points sometimes trimmed by pressure-work (Joyce, 1932, Plate VI,
Fig. 3). Inlength they are from 7 to 10 inches. There is, then, a consider-
able range in the technique of flint spear-head and knife manufacture by
the American Indian, and variation in his choice of the form to be used.



Chapter V

FLAKING WITH A QUARTZITE PEBBLE
AND OTHER HARD HAMMER-STONES

that a flaked-implement has been made with a hard hammer-
stone? 2. What characters will show that a flaked-implement could
not have been made with a hard hammer-stone?

With regard to problem no. 1, quartzite and other hard pebble work
is, generally speaking, characterized by deep pits of percussion where
the hammer-stone strikes the flint, When these are visible, it can reason-
ably be inferred that the implement was made with a hard hammer-stone
in examples where the use of a metal hammer, which leaves equally deep
pits, can be ruled out. But there are certain circumstances in which bulb-
pits produced by the hard hammer-stone are ‘semi-diffuse” in character
(see p. 68). And the bulb-pits (percussion-pits) along the lateral margins
of a flaked-implement are trimmed away if the implement’s edge is
straightened and sharpened, or if there is any secondary shaping work.

Another character of hard-pebble flaking-work is the somewhat
rugged flake-scars on the surface of the implement made with this type
of hammer. But it is possible that there may be variations according to
the flaking quality of the material, and wear and tear may smooth the
surface ridges of an implement.

From the foregoing considerations it will be seen that positive identifi-
cation of hard hammer-work may often be a difficult matter, but that
deep percussion-pits and rugged flake-scars indicate the use of a hard
hammer,

With regard to problem no. 2, the following inferences are based upon
experimental work. (1) There are certain flaked-implements in which
there can be little doubt that diffuse-bulb techniques were used in their
manufacture, viz. Egyptian Predynastic ripple-flaked chert knives

grinding was used to shape and prepare the surface for the ripple-flak-
ing), fluted-flaked Danish flint daggers, and similarly Aaked American
Indian chert and obsidian knives. The characters from which may be
deduced the use of diffuse-bulb techniques in the manufacture of these
implements are the symmetry, length, narrowness, and shallowness of the

6o
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QUARTZITE PEBBLE AND OTHER HARD HAMMER-STONES

fine-flaking with which they have been finished, but it cannot be known
whether or not the preliminary stages of their manufacture were carried
out with the use of a hard hammer-stone, (2) In others, viz. the Solutrean
large leaf-shaped flaked-points, and some American Indian flaked spear-
heads and knives of large size, their breadth combined with their flatness
of section and the smoothness of their fAaking suggest either the use of
‘soft’ hammers or ¢lse some other diffuse-bulb techniques such as ham-
mer-and-punch or flaking-staff. (3) Where flaking has been carried out
at 2 high angle along the squared edges of Danish flint adzes, the use of a
hammer-and-punch seems likely. (4) In Mexican obsidian cores, and in
similarly flaked cores of siliceous material from other areas, the use of
diffuse-bulb techniques may be inferred from the long, symmetrically
narrow, and shallow flaking, from the high angle at which the final flakes
have been detached before the cores have been discarded as rejects, and
from the shallow bulb-pits on the cores. For the Mexican cores historical
evidence records the use of a flaking-staff (see p. 83).

To sum up problem no. 2, narrow, symmetrical, and shallow flaking,
and shallow symmetrical flaking at high angles, are both likely to be the
work of diffuse-bulb techniques. Extensive experimental work is needed
for a satisfactory solution of the problem.

This leads on to the next question, /#hat are the limitations in the useful-
ness of the hammer-stone? There are two factors that must be taken into
consideration when judging the value of the hard pebble hammer in
fAaking-work, first, the cross-flaking quality of the piece of stone that is
being worked, and secondly, the skill of the flint-worker.

As for the first, the influence on successful flaking of the cross-flaking
quality of the siliccous material has been discussed on pp. 17-18 of the
writer’s paper on arrow-head making (Knowles, F. H. 5., 1944).

As for the second factor, the skill of the worker, the master-flakers who
turned out the large thin flaked knives and daggers have long since dis-
appeared, and it is they who could have best said how far they could rely
on the pebble hammer, and when it was necessary to turn to some other
technique to achieve their masterpieces. But the possibilities of the hard
hammer are undoubtedly very considerable when it is used with the
technique of the prepared-platform in flaked-implement manufacture.

Practical Advantages of the Quartzite Pebble Hammer-stone in Flaking-

work
1, Its weight and toughness, and the fact that 1t is a good flint-flaker.
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QUARTZITE PERBLE AND OTHER HARD HAMMER-STONES

2. Its range of size, for large pebbles will break up Hint blocks, and
small pebbles of fine-quality stone will carry out fine-flaking in imple-
ment manufacture.

3. Its compact weight, which enables the hand of the worker to use it
with great accuracy as a hammer.

4. Its convenient shape.

5. Its ubiquity.



Chapter VI

FLAKING WITH 'SOFT" HAMMERS

been used by stone-working peoples, ancient and modern. Ex-

perimentally it has been found to be fully capable of producing,
when combined with a prepared flaking-platform, a symmetrical and
sharp-edged axe, arrow-head, spear, or knife of flaked stone.

Whether the use of the hard hamnier-stone was the general rule, or
whether there were other hammer-techniques in use in the manufacture
of flaked-stone implements, is a very interesting question. The experi-
mental work of Professor A. 5. Barnes in this country, of Dr. L. §, B.
Leakey' in Kenya, and of M. Léon Coutier and M. Frangois Bordes in
France, have shown that flaked implements can be made by means of
wood, horn, bone, and antler batons and hammers. Tt has been proved
that finely made implements can be produced by the technique of the
baton hammer, and that the characteristics of this technique are the
diffuse bulbs of the flakes struck off, and the long thin shape of the flakes
themselves, with the consequent shallow Hake-scars on the implement.
Professor Barnes has also shown that hammers of soft stone produce
diffuse bulbs. He has furthermore proved the efficacy of hammers of
antler, bone, and especially horn in the ﬂakmg of glass, which is a brittle
material mmparﬂi with flint, but akin in its ﬂakmg l.]l.'l.i![lt}l' to obsidian,
Professor Barnes's technical series exhibited in the Pitt Rivers Muscum
shows why the wooden baton can flake from a sharp edge and produce
a thin section without the use of the prepared-platform that is necessary
in using the quartzite, and M. Frangois Bordes (1947, especially Fig. 7,
p. 13) explains and illustrates the baton technique.

These hammer-techniques are therefore possible substitutes for that of
the quartzite hammer-stone, and though the quartzite will always have
this advantage, that in its concentrated weight and roughness it can deal,
in large sizes, with large masses of siliceous stone, while it is also capable
of delicate work as a hammer in its smaller pebble sizes of fine-grained

! Dr. Leskey uses quartzite hammer-stones, animal mandibles, and leagths of horn, and has also
with limb bones of aniinals ind wooden bars. Experience has led him to billeve that it i
tiie shape of the hammmer and the method of contace with the fintor other stone which the shape im
rather thun the meterial'of which the hammer js made, that affects the kind of fake gnd bulrprorm
(Leakey, tg34. p 62)

TH; hammer-stone of quartzite or other hard rock is known to have
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FLAKING WITH 'SOFT" HAMMERS

quality, yet the ‘soft’ hammer may remove less material when flaking
because of the thin flakes and small bulbs that it produces. Certainly the
oceurrence of diffuse-bulb flakes in Stone Age Industry is a fact, and
must be accounted for. In Chapter VII the question will be gone into in
detail, and some conclusions arrived at on the possible use of soft-hammer
techniques. Apart, however, from the use of adifferent hammer-technique
altogether, viz. wooden batons, &c., in céertain times and places, the tech-
nique of the hard hammer-stone was amplified by the use of techniques
that would give a finer finish to the flaked-stone implement.

Hammers made of the indurated base of the antlers of deer and elk
were in common use in some localities by the American Indian stone-
worker for his lighter chipping work (Holmes, 1919, p- 284). They were
used in the manufacture of large flaked-chert hoe-blades in a quarry in
south Ilinois.! They may also have been the secret of the Indian’s success
in the flaking of large thin blades of chert and pbsidian.? In fact they
would be likely to prove useful in cases where the jar and ‘bite’ of the
quartzite pebble might be oo strong for the material, or where very
smooth and shallow flaking was required as a finish. Hammers such as
these might equally well have been used in other areas and time-periods
for fine Haking-work, especially when dealing with thin seam or nodular
material of fine quality. If they were used in the hand, then their mode
of use would be in line with the quartzite technique, for it would be
simply using a hand hammer of a material softer than the stone worked,

| Holmes, 1916, p. 188 and Fig. 66. Also Holmes, p. rg1: The :MTing-hm;mm ‘were roundish
nodules or tough portians of chert chipped into convenient form'; an Holmes, p. 193: Chipping
impleménts made of the hase of deer antlers "were probubly used mther in the secondary trimming of
the bludes than in the ropghing-out work’.

* Wilson, Thomas, 1899, p. 880, The following extract from Thomas Wilsen's paper s interesting
becatse it describes an American Indizn faking technique that may be based upon the use of an antler
ot other ‘soft’ hammer. On p. 913 be writes: Fig. 138 . . .18 8 marvel of fiint chipping. Four end
a querter inches long and 1} inches wide, it is nowhere more than one-cighth of an inch in thicknes.
"I'his is as thin as any specimen can be expected. . . . Some of the specimens from the Pacific Coast,
fignred in Jeafshaped, Clas C, are as thin as this, but, a¢ described, this was their natural thickness.
They were separated: from each other by & deposit of extrancous mrtter. This specimen i not of sach
formution. It has been wrought out of & solid block of flint, and was cffccied by those broad and thin
fiukes so often found, ramming fram the edge, the point of pressure, to the center, widenmg into the
form of a shell, and reducing the thickness of the implement almost as much at the center 21 at the edge.
"T'his tystem is the perfection of flint chipping, Tt shows 2 high degree of manual dexterity, and is one:
of the lost arts, for no workman known in historic times has been shie to reproduce ir.!

Chipping thiz implement from a ‘solid block’ does not seem a technical possibilicy, unless it woe faked
from a core accarding to the Kimberley aboriginal method described by Professar A. P Elkin in Masa,
Ottober 1g48. Otherwise & lirge flake or else & piece of zeam materia] wonld appear to be & more
probable ‘nucleus’, But Wilson here swell describes the character of o mode of flaking that produces
wonderfully thin flaked-points, knives, &c., by the expert Indian stone-worker.
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Pressure-work as a finishing technique is well known and was widely
ractised, and there is also its development, impulsive-pressure (see pp.
84-87). Bothare adjuncts to percussion techniques. The use of hammer-
and-punch has been recorded among modern native stone-workers, for
instance among American Indians as noted by observers (sce p. 84 for
references), and its use in earlier times may be assumed, e.g. from the
squared edges of Danish flaked flint axes.

To sum up then, there is the certainty of the use of the quartzite, and
other hard-stone hammers, the certainty of its use being amplified by
diffuse-bulb techniques, and the possibility of the use of hammers of a
softer material as the essential working implement to take the place of
the hard-stone hammer. Further discovery and study of flaking-sites of
various areas and time-periods may throw some light on the problem,
and even solve it should circumnstances prove favourable to the preserva-
tion of material. For the finding of one of the ‘soft’ hammers would prove
shape, material, and mode of use, as evidenced by the position of wear.
But the earlier the site, the less likely such a discovery, for the very
reason that the ‘soft’ hammer is by its nature so perishable.
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Chapter VII
FLAKES AND HAMMERS

H AIImeErs

1. Tue hard hammer is one of a material tougher and more resistant
than the flint, e.g. quartzite pebble, other hard rocks, metal.

2. The soft hammer is one from a material softer and less resistant than
the flint, e.g. wood, bone, antler, ivory.

Flakes

In working siliceous stone’ of good flaking quality, when a blow is
struck on a flat or flattened platform, as on a flat-platformed core, the
following results usually occur in the flakes produced:

1. Flakes struck off by hard hammers are characterized by salient (Le.
large and prominent) bulbs, and by a cone of percussion (Fig. 19).

2. Flakes struck off by soft hammers are characterized by diffuse
bulbs (i.e. flattened bulbs with oval curve and lip; see p. 67 and Fig. 20),
and the absence of any cone of percussion.

Bulbs

1. Taking a characteristic method of flake production, the blow by
a quartzite pebble on the inclined flat platform of a flint core; in a flake
so produced an umsymmetrical cone of percussion is formed on the flake-
platform, and the bulb so formed on the flake is usually salient, i.e. large
and prominent, though variations in size occur. The percussion-cone is
formed at the point of impact of the hard hammer, the side of the cone is
visible on, and is a part of, the flake-bulb, and the broken up top of the
cone is at the edge of the flake-platform. The cone, which forms the bulb,
varies considerably in size and prominence. Its extreme form may be
seen in Clacton-type flakes in which the cone is large and sometimes
almost disengaged. In Professor A. 5. Barnes’s Technigue Series in the
Pitt Rivers Museum, specimen no. 1943.10.11 (Fig. 21) shows the unsym-
metrical development of the cone of percussion in the formation of a
flakewithasalient bulb. Specimenno. 1943.10.12(Fig. 22) shows at A the

' Flint, chert, jasper, obsidian, &c. For notes on the flaking of coarse siliceous stone and rocks see
Lacaille; 1939.

66



FLAEKES AND HAMMERS

unsymmetrical cone formed by the blow. Professor Barnes's note to
Ig'4.3.10‘1 I runs.

“The first important phase in the formation of a flake with a salient bulb isas
follows. In flaking from a core the platform is always inclined to the axis of the
hammer at an acute angle which usually varies from about 7¢" to 87", Conse-
quently the hammer first comes into contact with the core at 1 point A on the

Fic. 19. Fleke with salient bulb, struck Fic. z0. Flake with diffus= bolb struck
off by & hard hammer. Brandon, Suffolk. by M, Coutier with a baton of bexwood.
Drawn by 1. M. Allen, 1943.10.£6. Drawn by 1. M, Allen,

higher side of the platform and above the axis of the hammer. The platform at A4
is subjected to compression and the crack is started there before points on the
lower side B come into contact with the hammer and are in turn subjected to
compression which may or may not be sufficient to form a crack. The cone
therefore is developed unsymmetrically, mainly on the “higher™ side, and less
or not at all on the lower side of the pfutfomt near to its front edge.’

2. On the other hand, in a flake produced by the blow of a soft
hammer, a diffuse bulb is formed. This type of bulb is usually flat, there
is no cone of percussion, and the platform-bulbar line hasa distinctive lip
running along it. Professor Barnes in his note on 1943.10.16 (Fig. 20)
writes: “The intersection of the bulbar surface of a diffuse-bulbed flake
with its platform is formed by a continuous curve of oval shape with a
slightly overhanging lip.' It should be noted that a glight lip is also
present in some quartzite-struck fiakes, so that the lip, although a feature
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of the diffuse bulb, is not so safe a ‘test’ character between the hard-
hammer and soft-hammer bulb as is the cone of percussion.

Fre. 21: Formaton of s fake with 2 salicnr
bulb, 1. tgg3.10.17, Drwwn by 1. M, Allen
from a model by Profesor A. 5. Barnes.

Fic. 22. Formation of & flske with s saliens bulb, 2. The second imporrans phase in the formation of

2 flake with a salient bulb s concemned with extension and completion of the crack formed at the pomt

of impact. A showa the unsymmetrical cone formed by the blow. 5. The friction between the hammer-

srone and the burt of the flake end the contimintion of the blow end i downward inclination extend

the erack by ‘tearing’ acton. C. The “tearmg” contmues unitil the flske is completely severed from the

core. Drewn by 1: M. Allen from & model with the above note made by Professor A- S, Barnes for the
Pitt Rivess Museuin. 1945.10.12.

Variations in Hard-hammer Bulbs

Bulbs produced on flakes by the blows of hard hammers may be some-
what ‘diffuse’ in the following instances.

1. When the blow is struck on a ridge (arréte). Specimen made by
Professor Barnes and presented by him to the Museum. In this example
the bulb is fairly prominent, the cone of percussion is visible, and a light
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lip, perceptible to touch, runs along the platform-bulbar line as in a
diffuse bulb.

2. When the blow is struck on a faceted platform. Specimen made and
presented to the Museum by Professor Barnes. In this example the bulb
1s flat, there is a small cone of percussion, a contused platform, the plat-
form-bulbar line is formed only on one-half of the platform, and along
this there is a lip perceptible to touch.

3. To judge from the above examples, it seems likely that the bulb is
not prominent when the blow is struck on a ‘turned edge’, i.e. a prepared-
platform, in implement manufacture.

4. It seems likely that a blow struck on 4 cortex-covered surface will
make a less prominent bulb, since the cortex will act as a “cushion’ to the
blow, but there is no specimen available to prove this. Naturally the
thickness of the cortex would affect the result,

5. Bulbs may also vary in saliency according to the technique of the
worker, for they range from the Clacton-type flake with its large and
often ‘disengaged’ cone of percussion to the neat bulbs of fine flaking
work with a quartzite pebble.

With reference to variations in salient bulbs Professor A. 5. Barnes has
kindly allowed the following quotation from his as yet unpublished
manuscript on the flakes and cores of the Acheulean period.

“The Form of the Salient Bulb. The form of the bulb is affected by the blow
which forms its initial stage coupled with a number of other factors, viz., the
tilting of the platform, the distance of the point of impact from the edge of the
core, the manner in which the core is supported, e.g.; in the hand, on an anvil,

Iy buried in sand or soft earth, the relative hardness of the hammer and the
shape of the striking end, and the area of contact between the hammer and the
core platform. The torm and condition of the platform also affect the form of the
bulb, e.g., the presence or absence of hard or soft cortex and its thickness; other
factors are whether the surface of the platform is concave (dished), or with large
orsmall facets. An important influence on the form of the bulb and the shape of
the flake is due to the absence or presence and particularly to the arrangement of
ridges on the flaking face of the core. These are designed to strengthen the Hake
against bending and breaking under the outward push of the blow or by vibration
and by their spacing to limit the width of the bulb and flake. The dimensions
and shape of the core also impose important limitations on the bulb. All the major
phenomena of fracture can be reproduced by natural or artificial pressure as well
as percussion,

Variations in Soft-kammer (diffuse) Bulbs
The lip may run all along the platform-bulbar line, i.e. the line formed
by the intersection of platform and bulb may be plainly visible, or so
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slight as to be discernible to touch alone, or may be short, pronounced,
and restricted more or less to the area that would in a hard-hammer bulb
be marked by the cone of percussion. Variations also occur in the degrees
of fatness of soft-hammer bulbs. It seems likely that these variations
depend mainly upon the material of which the soft hammer is made (sce
detailei account on pp. 72 £.).

Farm f:_af Hammer

So far, then, this investigation has been concerned simply with the
materials of which hammers may be made, and the effect of their blows
as evidenced in the flakes struck off, and it is plain that from the appear-
ance of a flake one can, to a certain extent, identify the material of which
the hammer is made. But this is no guide to the form of the hammer
itself. Can one tell whether the hammer is hafted, held in the hand, of
knob form, or baton-shaped ? It does not seem likely, certainly not with
regard to quartzite pebble or iron hammer, for there would seem to be
no difference in its blow whether it was delivered by a handled hammer,
or by a pebble or iron lump held in the hand. Nor does it seem likely that
the soft hammer in handled form, baton, or antler section held in the
hand could be identified by the appearance of the flake. Nevertheless,
before a definite opinion could be given, it would be interesting to sce
flakes struck off by a baton. Professor Barnes, in a letter to the writer,
makes the following interesting observations on the question of baton
form and bulb. ‘A knob of boxwood would probably be used in adif-
ferent way to a boxwood baton and would thus have a different area of
contact, which is an important factor. Even if they were used in the same
way, I think the areas of contact would be different owing to the shapes
of the contact areas of the hammer.’

Other Diffuse-bult Techniques

At this point it is necessary to refer to some diffuse-bulb techniques
other than that of the soft hammer. They are:

1. Hammer-and-punch.

2. Pressure.

3. Impulsive-pressure (the technique of the Aztec Indians to produce
fine obsidian fakes; see p, 85).

4. Impulsive-pressure-plus-percussion. This method is a combination
of impulsive-pressure aided by percussion, and is deseribed by
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Catlin (see p- 8¢ of this book). It is to be presumed that it will also
produce diffuse-bulbed flakes.

The first three techniques are represented by flakes in the Pitt Rivers
Museum. Techniques 1 and 3 3 pmdur..c unmistakable diffuse-bulb flakes,
as may be seen from the specimens in the collection.

But pressure flakes (technique no. 2) are only represented by nine
flakes of milk glass which Professor Barnes removed by pressure with
iron notched tools (cat, no. 1940.7.358), and in only one of these Hakes
is the platform well marked. In this specimen the bulb, &c., seem to
conform to the usual diffuse-bulb type, though the lip is not discernible.
It is possible that an iron pressure-tool might produce rather less ‘diffuse’
effects than would the softer antler, bone, or hard-wood tool. The scars
of two halF-mLII-Inng pressure flakes on a flint implement made experi-
mentally by the writer show shallow smooth flake-scars, and smooth
shallow bulb-pits. They were produced by pressure with an antler tine,
Compared to others produced, these two flakes were of exceptional
length, but they probably gained their length by running along a single
ridge. The evidence available therefore supports the conclusion that
pressure produces diffuse-bulb flakes, and is a diffuse-bulb technique.

With regard to technique no. 4, since the technique of hammer-and-
punch produces diffuse-bulb flakes, it would seem reasonable to suppose
that impulsive-pressure-plus-percussion would produce similar flakes, as
the two techniques are somewhat similar in their application to the core
being flaked.

A Diffuse-bulb Investigation

There are, therefore, four techniques, the soft-hammer, hammer-and-
punch, pressure, and impulsive-pressure, and probably a fifth, impulsive-
pressure-plus-percussion, that will produce diffuse-bulbed fakes, Can
one distinguish between the flakes they produce, and can one tell the
material of which the soft hammer is made, so that the investigator can
determine from the appearance of a diffuse-bulbed flake the method
whereby the stone-worker detached it from the parent block? For that
is really the main object of this inquiry, namely, Aow far advanced in tech-
nigue was the stone-worker who struck off the flake, what tosls did he use, and
what was his range of methods?

For this inquiry the invaluable Technique Series made and collected
by Professor A. S. Barnes and presented by him to the Pitt Rivers
Museum is a storchouse of experimental fact and information., From
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these specimens and the notes written by Professor Barnes to accompany
them the following observations have been recorded.

1. Specimen no. 1943.10.15. Note by A. 5. B. 'Actual indentations marking
the areas of contact formed on a baton of soft wood by a series of blows delivered
on flint. The contact areas when striking with batons of horn, bone, or antler
are smaller in proportion to the hardness of the baton.”

2. Diffuse bulbs produced by a wood bator. Specimen no. 1943.10.16 (Fig. 20),
a flake of light-grey chert. Note by A. S. B. ‘Flake with diffuse bulb struck by
M. Coutier with a baton of boxwood. The intersection of the hulbar surface of
a diffuse-bulbed flake with its platform is formed by a continuous curve of oval
shape with a slightly overhanging lip and is clearly shown in the above specimen.’

3. Diffuse bulbs produced &y an antler baton. () Four fint flakes struck with
antler by A. S. B. and presented to the Museum in 1935. Flake no. 1. Bulb
fairly prominent, comparatively short lip; lip perceptible to touch, but might
have been prominent had not some érailfure occurred here. Flake no. 2. Bulb
fairly flat, lip perceptible to sight and touch, multiple fissures on platform. Flake
%o. 3. Struck with antler on a platform faceted with a brass hammer. Fairly flat
bulb, short area of contact, very short and overhanging lip very plainly marked.
Filake no. 4. Bulb fairly prominent, very small area of contact, small contused
platform.

(8) Flint core and four flakes struck with an antler baton by A. 5. B. One bulb
is fairly pronounced, two are fairly flat, one is very incurved; some scaling or
shattering of the edge of the core has taken place.

(¢) Four glass flakes struck off with an antler baton by A. 5. B. in making a
hand-axe. Cat. no. 1940.7.59. Bulbs are on the whole rather salient, there is
a very marked and overhanging lip on one flake, and some flakes have diffused
bulbs, but are of irregular shape.

4. Diffuse bulbs produced g- an fvery hammer. Professor Barnes kindly sup-
plied the writer with the following information on the use of ivory as a hammer.

Jith regard to soft hammers, 1 have used sperm whale tooth quite:a lot as a
hammer . . . as far as [ recollect 1 found it perhaps rather harder than antler.’
Professor Barnes also sent the writer three glass flakes struck by him with
a sperm whale tooth, In two the platforms were defective, but the third is com-
plete. In this there is a small but well-defined lip; there is no cone of percussion,
and the bulb is of moderate prominence.

3. Diffuse bulbs produced by hammer-and-punch. (a) Cores and glass tlakes
struck by A. S. B. with hammer and boxwood punch (¢at. no. 1940.7.352). On
the whole the flakes show quite similar bulbs to those of the few Mexican obsi-
dian flakes in the Museum. The Mexican flakes can almost certainly be ascribed
to the pressure-by-impulsion technique. Some of A. 5. B.'s punch-struck flakes
show bulbs that may be described as pea-like in shape.

(8) Three glass flakes, the largest about 4 inches long, struck by M. Coutier
with iron hammer and boxwood punch (given by A. S. B. ta author). In these
specimens there is some variation in bulb prominence, but the general character

T



FLAEES AND HAMMERS

of the bulb is flat, and the platform-bulbar line is a continuous curve of oval
shape, but the lip is scarcely perceptible except to touch. )

6. Diffuse bulbs produced by impuliive-pressurs, There are four Mexican obsi-
dian flakes, almost certainly produced by this technique, in the Pirt Rivers
Museum, They all have cortex-covered platforms. Taken as a whole, they all
show a slightly curved intersection of platform and bulbar face, i.c. a shightly

curved platform-bulbar line, there is a slight lip, and a flat and somewhat pea-
like bulb.

General Summary of the Results of the Foregoing Investigation into the Bulbs
produced by the various Diffuse-bulb Techniques

1. It may be possible to tell the differences between flakes struck with
a wooden baton and those produced by the blow of an antler baton,
because the harder material, antler, is likely to produce more prominent
bulbs on its tlakes and to have a smaller area of contact on them. But with
batons of intermediate degrees of hardness, as in bone, horn, &c., and the
different degrees of hardness in wood, owing to their ‘intermediate’
effects in flake formation, it would not seem likely that identification of
these materials would be possible from an examination of the flake-bulbs.
Adding to the difficulties of identification is the variation in bulb forms
among flakes produced by the same hammer, hard or soft.

2. Hammer-and-punch and impulsive-pressure appear to produce
similar effects in bulb formation on the flakes they strike or push off, so
that it would appear to be impossible to distinguish between these tech-
niques from an examination of the flakes produced by them.

3. It seems possible that the pea-like shape of the bulbs that appear
characteristic of flakes produced by hammer-and-punch and by impul-
sive-pressure would serve to distinguish their flakes from those struck off
by batons. Also the ribbon-like shape of the flakes produced by the
impulsive-pressure technique may be shared only by hammer-and-
punch flakes. But more information is needed as to the possibilities in the
production of long narrow flakes by baton, and it would also be necessary
to know how far it is possible to produce them by an antler hammer.

The foregoing conclusions are based upon a comparatively small
number of specimens. A more extensive investigation along these lines
is needed in order to substantiate the results here tentatively summarized.

The Effect on Core and Implement of the Salient and Diffuse-bulb Techniques

1. When using a hard hammer, finc flaking on an implement is obtained
by the use of a prepared-platform.
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2. Flakes struck off a core by a hard hammer, and so with salient bulbs,
may be coarse and heavy (cf. Clacton-type flakes), or they may be fine,
long, and thin, as in some modern Stone Age work, and in the flaking
with the iron hammer of the modern gun-flint worker. Cores struck by
a hard hammer are characterized by deep bulb-pits, and have on the
whole a coarser appearance than diffuse-bulb cores, i.¢. those flaked by
diffuse-bulb techniques. Nevertheless, the fact that finely flaked cores
can be produced by the hard hammer is shown by the work of the modern
gun-flint Knapper.

3. In the finest work of the later Stonc Age, implements were finished
by long narrow flaking that we may presume was produced by hammer-
and-punch, or pressure-by-impulsion. This gave them the fluted appear-
ance characteristic of Danish flint daggers, American Indian knives, &c.
In broader work, diffuse-bulb techniques may have produced the shallow
and smooth effect seen in the broader flaking of some American Indian
implements (cf. Chapter V1, p. 64).

4, Cores formed by diffuse-bulb techniques show a shallow and smooth
flaking effect and narrow symmetrical aakc-scars which give them a
symmetrical and fluted appearance.

Division into two Classes of the Diffuse-bulb Flakes

1. Those struck from an implement in implement manufacture. These
flakes may be long and narrow, i.e. ribbon-like, as in ripple-flaking, or
they may be broad, as in clearing-flakes struck in blocking out, thinning,
and shaping an implement. Flake-shape depends upon the ‘quality’ of the
surface being flaked, i.e. whether it is smooth, or has previous flake-
patterns running over it, and whether these patterns are narrow or widely
spaced, or irregular, or symmetrical.

2. Those struck or ‘pashed’ from a core for flake-production. These flakes
in general character are long, thin, and narrow. They may be very small
as in Mesolithic-type cores, or long and ribbon-like, as in Aztec obsidian
cores, or of impressive size as in those 'struck” from Pressigny cores. Sce
also Catlin’s account of 1o—12-inch flakes produced by a method of
pressure-by-impulsion-plus-percussion on pp. 8 5-87 of this paper.

Practical Applications of Diffuse-bulb Technigues

Soft hammers give shallow smooth flaking, not so much material is
taken off the piece being worked, and it is possible that the material may
be less jarred than when worked with a hard hammer. Nor is a prepared-
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platform essential in wooden baton work, though Professor Barnes in his
experimental work found that the occasional preparation of a platform
was of considerable practical use during the manufacture of a hand-axe
with antler and horn batons and hammers. Thus it may be that the two
techniques are interchangeable in this respect. But from a developmental

int of view the use of soft hammers would not necessitate the evolution
of the prepared-platform.

With regard to hammer-and-punch and pressure-by-impulsion, great
accuracy combined with fine flaking is gained by the use of these tech-
niques. In core-flaking by these methods, some chipping of the platform
in order to seat the flaking-tool was often employed by the stone-worker
(Barnes, 1947, and Catlin quoted by Sellers, 18853, pp. 874-35). In pres-
sure=work in implement manufacture, where long narrow flakes were to be
pressed off, a prepared flaking-platform isa necessity (Elkin, Man, 1948,
no. 130).

Diffuse and Salient Bulbs in Palaeolithic Flakes

The question now arises as to when the diffuse-bulb techniques were
first developed by the stone-worker, and the surest proof of their occur-
rence would be the presence of diffuse-bulb flakes among his implements,
The following information has been collected by the writer.

English Lower Palaeolithic period. An analysis has been made of the
platforms and bulbs of a large series of Hakes collected from the gravels
at Biddenham in Bedfordshire by the writer for the Pitt Rivers Muscum
during the years from about 19oo to 1911, in order to discover what type
of hammer had been used by the flint-workers in the technical period
covered by the flakes in these gravels. The collection comprised a large
number of hand-axes, many flakes and flake-implements, and a few cores.
Some of the cores are of Clacton-type, others represent stages m the
development from Clacton-type to ‘tortoise’-type cores, and two or three
are characteristic ‘tortoise’- and disk- cores. Only two flakes were found
that seemed to have been struck from ‘tortoise’~type cores, but it may be
that some of the flakes classed as ‘those with irregular platforms’ were
struck from ‘tortoise’-and disk-type cores. Any flake with characteristic
faceted-butt would not have been overlooked. There were indeed a few
in which the butts had been faceted after they had been struck from the
core, presumably to make them into scrapers.

Since the study of Professor Barnes’s experimental specimens (p. 68)
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has shown that there was a considerable variation in hard-hammer bulbs,
and that the type of platform influenced the form of the bulb, it seems
satisfactory to divide the flakes in the Biddenham collection into five
categories based on the type of platform:

i. Flakes with flat or flattened platforms.

2. Flakes withirregular platforms.

3. Flakes with platforms covered with cortex, and therefore struck
from the outside of a nodule or block.

4. Flakes with faceted butts, struck from ‘tortoise™ and disk-type
COrds.

5. Flakes with butts that have been faceted afrer being struck from
the core.

Observations were recorded:

1. On the place where the blow fell on the flake-platform, i.e. as to
whether there was a well-marked unsymmetrical cone of percussion
characteristic of the blow of a hard hammer (see p. 66), or whether
there was a flat bulb and a lip characteristic of the blow of a soft hammer
(see p. 67)-

2. As to the saliency or flatness of the bulb.

3. On presence or absence of a lip.

With regard to no. 1, it was soon found that although there were many
cases in which the unsymmetrical cone was well marked, there were
others in which it was difficult to distinguish, or in which the cone was
atypical, although from the general appearance it was reasonably certain
that the blow had been given with a hard hammer. In a few, again, the
mark where the blow fell on the flake was so atypical or difficult to de-
cipher that the type of hammer must be considered as doubtful, There-
fore in cach of the five categories the flakes therein have been divided
into five classes.

(a) Flakes characterized by a well-marked unsymmetrical cone of
percussion. These flakes have therefore been struck off the core by a blow
of a hard hammer, presumably a quartzite hammer-stone. This class is
labelled H.

(4) Flakes characterized by the atypical appearance of the cone, but
the blow of a hard hammer is cither certain or probable. This class is
Jabelled P-H.

(¢) Flakes characterized by an atypical appearance of the cone, and
generally difficult to diagnose, so that they have been placed in a class
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in which the type of hammer may be considered doubtful. This class s
labelled D.

(d) Flakes characterized by a semi-diffuse type of bulb. The type of
hammer must therefore be considered doubtful, though some ‘softness’
of hammer may be indicated. Flake no. 256 would appear to indicate
that an inclusion in the flint may cause a semi-diffuse effect (see note on
p. 78). This class is labelled S-Diff.

(¢) Flakes characterized by diffuse bulbs, The blow of a soft hammer
is therefore probable. This class is labelled Diff.

With regard to the characters of the éu/b, it was found that even though
the unsymmetrical cone showed the effect of the blow of the hard
hammer, yet bulbs varied from salient to flat. Observations on this
feature have therefore been divided as follows: salient, semi-salient, flat
or flattened, semi-diffuse, diffuse.

Observations on the presence or absence of the /¢ usually character-
istic of a soft-hammer bulb have been divided into three groups: marked,
slightly marked, ne lip.

Observations of this nature cannot have sufficient precision to be of
much scientific value. Nevertheless, the divisions may serve to give some
tdea as to the variations in the form of platform, cone, bulb, and lip.

A certain number of flakes was omitted because of defects in the plat-
form or bulb owing to accident, large éraillure, &c., but 282 flakes out
of the Biddenham collection could be used for analysis. The results of the
investigation into the characters of these flakes along the foregoing lines
are summarized in the following rables.

282 PALAEOLITHIC FLAKES FROM THE BIDDENHAM GRAVELS
Category I. Observations on 155 Flakes with Flat or Flattened Platforms

Bulp Lip
Classe
of Sewi= | Flater: | Sews- _ Shagnly
Pabie | Ne | Saliemt | salieme | fwenmed | diffuie | Diffide | Marked | mavked | NoGp
H 128 iry & T — = - X7
P-H 9 to § — — == F 13
o | 1 = = 1 — — — == 1
Eaba'f. 5 1 | 3 — — By L §
Dif. | 1 = = — — | = : | - =
Total ] 155 % | 1 | m i — 1 3 & | % | s
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Category 2. Observations on 74 Flakes with Irregular Platforms

Rl Lip
s
of Semd- Flog er Spmi- Shighsly
[faker Na Salient | saliewt | flavtened | diffuse | Diffuse | Marked | marked No f&ip
H | 4 E2) 5 + - = - = 43
PH | 23 15 to F - — — i 6
D h <= T 1 = == = — " =
S-Diff. | a® — 1 E — — —_ i z
oif | — - - - - | = — - -
Tanal | 74 50 . 17 __‘I — I = 3 -n_

= In ane of thes fakes, 18, 236, the semi-difuse bulb is almest certainly due to the fact that the platform
cotisists of @ stony incluion, snd it sserm probable that it was struck with @ haed hammner. It hay = flat
bulb and no lip.

Category 3. Observations on 46 Flakes with Cortex-covered Platforms

Buld Lip
Clares of Semi- Flitor *Semi- Slighly
Rurkes Ne. Satloent fuleemt | fattemed | Siffuce Marbed | marked No fip
H ¥ 10 E - = —= = I 2
E-H 2 7 3 3 - —_ i | e
D & — | 3 [ 1 — 1 5
e s |- = = | = I ¥ | = L= =
T Tt | 44 7 | =0 | r7_|_ 5 — * —T

* No diffuse bulbs.,

Category 4. Observations on 2 Flakes struck from a “Tortoise’~type Core

One flake with facered-platform, probably struck from a ‘tortoise’™-
type core, but some of the faceting may have been done after the flake
was struck off. Clase H, salient bulb, no lip.

One flake with cortex-covered platform. Class H, salient bulb, no lip.

Category 5. Observations on 5 Flakes with Platforms faceted after being
struck from a Core

Four in class H, salient bulbs, no lips.
One in class P-H, salient bulb, no lip.
Summary of Analysis
Out of a total of 282 flakes, 260 have cither certainly, or most prob-
ably, been struck off by a hard hammer,
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There is some considerable variation in the hard-hammer bulb. The
form of the bulb is likely to be influenced by the shape of the platform
and by the presence of cortex (cf. experimental specimens of Professor
Barnes, p. 68). The presence of stony inclusions in the platform seems
to be liable to cause a semi-diffuse effect (cf. note on flake 256 on p. 78).
Variations in the quality of the flint, and variations in the hardness of the
hammer-stone might also have their effect on the form of the bulb.

There are only two diffuse-bulbed flakes. These are likely to have
heen struck with a soft hammer, but they are so few in number that it
seems reasonable to regard them as accidental and not due to a purposeful
soft-hammer technique.

Of the remaining twenty, nine are classified as doubtful, and eleven as
semi-diffuse. The type of hammer used for these may therefore be
queried, but the type of bulbs exhibited by these flakes zay be due to
aberrant hard-hammer effects, i.e. to some of the possible influences
noted above.

Occurrence of Diffuse and Salient Buibs in Flakes of the French Middle and
Upper Palaeolithic Periods

For the Middle Palaealithic, M. Frangois Bordes (1947, p. 25) gives
percentages for the Moustierian of Pech-de-1'"Aze, Dordogne.

Principal Layer, Faceted-butt flakes struck by stone or wood, 36 per
cent.; smooth platforms, stone-struck, 30-2 per cent.; smooth platforms,
struck by wood, 336 per cent.

Upper Layer. The respective frequencies of the above classes were
367 per cent., 256 per cent., and 37§ per cent.

For the Upper Palacalithic, Professor A. S, Barnes and Mr. H. H.
Kidder (1936, p. §) record the following occurrences of salient and
diffuse bulbs.

Haliens dulds Diffure bulbi
per ceak, et cenl,

Mouttierize  Lower : 5 i : ; F 9o (]
Middle . . i . - . 95 5

Lipper ; ' ' . . . Bz 7

Perigordian I . A . . : . - : 53 7
Auripmadion . Pointesk base frndue . : - 43 k2
' Paintes aplaties . . . . i 38 b2
Pomtes ovales - - : ¢ 7% T

Pointes biconiques ‘ . . " 68 j2

Peripirdian V. . . . : : ; - i 3z 68

19



FLAKES AND HAMMERS
M. Bordes’s percentages for the Moustierian of Pech-de-1'Aze and Pro-
fessor Barnes’s and Mr. Kidder’s for La Ferrassie form a valuable contri-
bution from the French Middle and Upper Palacolithic. The Biddenham
series is a satisfactory one in point of numbers, but it represents of course
only one small area in England. Similar work from other areas is needed.
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Chapter VIII

THE TOOLS USED IN FLAKING-WORK BY
MODERN STONE AGE PEOPLES

probably found on flaking sites of any date. But the diffuse-bulb
tools made of softer materials disintegrate with time, or become
so weathered, for example, bone and antler, that their use and p
may be unrecognizable. Only from the bulb-shapes of the fiakes they
have struck off, or from the appearance of the flake-scars on the imple-
ments they haye made, can the nature and material of the diffuse-bulb
flaking-tools be conjectured.

Fortunately within modern times there have been native stone-flaking
peoples still making and using implements of flakes and flaked-stone, and
there have also been European observers interested enough to make
records of the methods employed. It may therefore be useful to set forth
here some extracts from the published descriptions of Haking techniques
in two areas in which this work has been carried out in recent times, i.e.
America and Australia, because the tools and techniques in these coun-
tries are likely to represent those employed in other periods and places,

THE hammer-stone is a lasting object, and may be looked for and

America

The flaking-work of the American Indian stone-worker is equal’ to
that of the prehistoric Late Stone Age flaker in Europe and the Middle
East, and it is reasonable to suppose that his methods were similar since
many of the results achicved are alike. At the time of the arrival of the
European the Indians were at the summit of the Stone Age with regard
to technique. Some areas were already in the Metal Age. So far as stone-
working was concerned, they could ripple-flake their implements, make
amazing flaked-points of chert? and obsidian,* and by means of an in-

i Perhaps the Predynastic Epyptian ripple-aked chert knives shoold be excepted, for they are in o
class by themselves, The Danish fluted and handled flint knives are also peerless. But some Ameeican
Indinn work s very remarkable: Moorehead (1gv71, vol. i p- 345) states . . . prehjtoric man m Americs
was &t lenst the équul, and possibly the superior of Neolithic man in Europe’, and his illustrations prove
his point, e.¢. the large obsdian and cherr faked implemens.

* Moarehead, 1911, p. 164 and Fig. 161, stone swords from Tennessee; the longest ane figured i
20 m. For discussion of these chert swords see pp. 244-6. Ses also Shetrone, 1932, p. 439 and Fig. 281,
for rwo.extremely |ong and fine ceremonial knives or swords chipped from fint, found by Moorehead,
from the Etowah Group.

1 Shetrané, 1630, p. 76. “The impressive ceremonial bladet from the Hopewell Mounds, some of
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genious instrument push off ribbon-like flakes from obsidian cores.! The
manufacture of their large implements and their ripple-flaking of them
have not been recorded, but their arrow-head manufacture has interested
white men who came into contact with them while they were still making
stone weapons, and there are a number of accounts of this on record,.
while some of their other stone-working processes have also been seen
and recorded.

Australta

In Australia also, the Haking-work of the aborigines is very fine and
worthy of study. Inthe Kimberley District at the present day the tribes-
men still make beautiful spear-heads of faked stone and glass. Though
these are not usually of great size, for skill and artistry in workmanship
they are unsurpassed, and the processes by which they are made have
been recorded by a number of European observers.® The stone-working
methods of the Australian aboriginal in general have also been studied by
scientific investigators ( Roth, 1904, Spencer and Gillen, 1904, Spencer,
1914, Basedow, 1925).

Thus in these two areas of the world, America and Australia, stone-
working was until recent times a thing not of the past but of the present,
and the stone-worker was using methods probably similar to those of

ples far distant in place and time. The following literary references
describe the tools and techniques used by native stone-workers in North
America and Australia.

TOOLS USED BY THE STONE-WORKERS OF NORTH AMERICA,
AND THE MATERIALS OF WHICH THEY ARE MADE

Alestrs

Jochelson, 1925, p. 67. ‘The following data are based not only on the imple-
ments themselves, but on statements of old Aleut, particularly those on Umnak
Island, who seemed to know more about the primitive techniques of their fore-
fathers than any of the other islanders. Some stone implements; such as fish-hook
sinkers and stone blades for throwing-lances used in hunting were still in use,
Because of this it was possible to establish the use of all the objects of the lithic
industry of the old Aleut.” '

Hammer-stones, p. 68. "The short hammer-stone . . . was held in the right hand;

which mezsure 18 in. in length, and more than 6 in. in width, must have been the cherithed possessions
of the chicfy or priests, poasihly used and displaved anly on the oceasions of Important ceremonies.” Ses
alio p, 148, Fig. 87, 2 ceremonial blade of obsidian, over 17 in. long, and one of quartz, t1 in. Jong.
!\ Evans, 1897, pp. 23-24, on sccomts of Torquemada m 1615, and of Hernandez in 16351, See
alio Tylat, 1861, appendiz on olsidian knives, pp. 331-2.
EElkin, 1948, quoted G p. 34,
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it working with this implement, skill in handling it was more important than
a powerful stroke.” P, 69: ‘The final shape to a stone Implement was given it by
trimming or retouching after the form had been thinned out with the . . .
hammer-stone."

Pressure-flakers, p. 70. ‘The bone-flaker . . . was usually made of the penis bone
of a sea-otter (see plate 22, figs. 16, 17). It is a very dense and hard bone sub-
stance, but, in distinction from stone, possesses a certain degree of elasticity.’
P. 71: “They [pressure-flakers] were also made of the outer layer of a walrus-
tooth and of the incisors of the killer whale." Three pressure-lakers are shown
in Fig. 41, p. 70. Fig. 414 is of walrus tusk, and Fig. 43 a model of a flaker
macde of a killer whale’s tooth fitted to a wooden handle representing a sea-hon,
and made by an old Aleut of Umnak Island.

Eskima

Pressure-flakers of caribou antler mounted in handles of fossil ivory and of
wood, used by the Eskimo, are illustrated by Sir John Evans (1897, p. 38). See
also the Eskimo arrow-flakers in the Pitr Rivers Museum.

Holmes (1919, p. 319, quoting Nelson, 1899) says ‘the flakers are made of
small rodlike pieces of deer-horn, wood, or ivory, fastened into a slot at the end
of a handle, usually of ivory or deer-horn, with wrappings of sinew or rawhide
cord’. P, 319, Fig. 181 (quoting Murdoch, 1892, pp. 287-8): illustration and
description of bone chipping implement of the Eskimo. P. 320: 'It would appear
that the highly specialized curved flaker-handle used by the Eskimo (fig. 181)
was in use as far south as California.’ (Followed by quotation from Mason on the
Ray collection from the Hupa Reservation, Mason, 1889, pp. 2289, on this
matier.

'Evm)m, 1897, p- 37. ‘Sir Edward Belcher (1861, London, p. 139, and Pans,
P éqq. 1), who htsn:lrl seen obsidian arrow-heads made by the Indians of California,
and those of chert or flint by the Eskimo of Cape Lisburne, states that the mode
pursued in each case was exactly similar.” Evans, p. 39. "Sir Edward Belcher
some years ago kindly explained the process to me, and showed me both the
implements used, and the objects manufactured. It appears that the flake from
which the arrow-head is to be made is sometimes fixed by means of a cord in
a split piece of wood so as to hold it firmly, and that all the large surface flaking
is produced either I:';y blows direct from the hammer, or through an intermediate
punch or set formed of reindeer horn. The arrow- or harpoon-head thus roughly
chipped out is afterwards finished by means of the “arrow-flaker™.'

ﬂ:ﬁmﬁ, 1919, p. 321, quotes Sir Edward Belcher (from Wilson, T, 1899,
p- 986) for the use of a deer-horn point lashed to a handle of fine fossil ivory as.
a pressure-flaker by the Eskimo of Icy Cape.

American Indian Tribes, General

Hammer-stones. For the use of hammer-stones among the American Indian
tribes, see Holmes, 1919, chapter XXIX and Figures, also pp. 78 and 180.
Holmes, p. 325. "With obsidian the hammer makes the flake and thins down the
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thick edges, and the bone point shapes the arrowhead with ease; with the tougher
materials, especially when the objects are large, the range of the stone hammer's
work is much ter, and, indeed, the bone point by free-hand methods is often
available only in the refinements of finish and in many cases not at all.’ P. 318
(quoting Morice, 1893, p. 65): “The first operation consisted in roughly blocking
n?l' with 2 hard stone the pieces of the flint, the removal of which was necessary
to obtain 2 vague resemblance to the intended weapon.’

Antler Hammers. There is no modern mention of their use, But they were
found at a quarry in south Hlinois where large chipped blades were made by the
Indian stone-workers. Holmes, p. 193 and Fig. 74, describes and illustrates these
hammers, chipping implements made of the base of deer antlers, ‘probably used
rather in the secondary trimming of the blades than in the roughing-out work’.
P. 284: ‘Hammers made of a section of the indurated base of deer and ¢lk antlers
were in common use in some localities for the lighter chipping work.’

Evans, 187, p. 41, ‘Beyond the pin of bone already mentioned as having
been found in one of the pits at Grimes Graves, I am not aware of any bone or
horn implements of precisely this character, having been as yet discovered in
Europe, but hammers of stag’s horn and detached tines have frequently been
fmzmi in connexion with worked flints, and may have served in their manu-
facture."!

The advantages of a hammer-stone to the worker are concentrated
weight, hardness, and toughness. These qualities enable the worker to
break up or ‘quarter’ blocks of siliceous stone, flake picces or nodules of
it into shape, or strike from the cores or *quarters’ both large and small
flakes that can be manufactured into spear-head, arrow-head, or knife.
The hammer-stone is capable of great accuracy in skilled hands.

The advantages of an antler hammer to the worker are the smooth and
challow flaking it gives, as may be seen in the flaking-finish of Illinois and
Missouri hoe-blades.

Hammer and Punch. Catlin (1868) describes the use of @ mallet of very hard
wood and a punch made from a sperm-whale tooth in the manufacture of arrow-
heads by the Apache Indians. In Chapter V, p. 188, he says: "The master work-
man, seated on the ground , . . places his chisel (or punch) on the point to be
broken off, and a co-operator (a striker) sitting in front of him with a maller of
very hard wood, strikes the chisel (or punch) on the upper end.” P, 189: “These
people have no metallic instruments to work with, and the instrument (punch)
which they use I was told was  piece of bone, but on examining it, I found it to
be a substance much harder, made of the tooth of the sperm whale or sea-lion,
which are often stranded on the coast of the Pacific. This punch is about six or
seven inches in‘length and one inch in diameter, with one rounded side and two

! Dr. Joan Evans describes her father Sic John Evans a2 *brezking the white nodule of flint mio
quarters with # rounded pebble, and striking at the Jesser block with his hammer of reindeer hoen'
{Jom Evans, 1943 7 £34h '
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plane sides, thercfore presenting one acute and two obtuse angles, to suit the
points to be broken.” (This passage is quoted by Holmes, p. 295, Stevens, p. 82,
and T. Wilson, p. 983.)

Holmes, 1919, p. 296, quotes Redding, 1879, for the use of a punch of split
deer-horn with a hammer-stone by the Wintoons of Cloud River, Oregon, and
Evans also quotes Redding, 1880, and Redding in Narure, vol, xxi, p. 613, to
the same effece. Holmes, p. 302, refers to punches made of stone, hard bone, or
antler, and a mallet or hammer. On p. 326, describing the flaking-work of Ishi,
a Yahi Indian of southern California, Holmes refers to the use of a hammer-
stone, and a hammer-stone and wood or bone punch in the preliminary rough
work in making a large blade. Pull, 1932, p. 114, writes: ‘No definite bone
punches have been found, but I have experimented with tines of red deer antler,
and have no doubt that many of the smaller antler tines recovered from the
shafts and workshop floors may have been used in this way.’

The advantages of hammer-and-punch to the worker are accuracy plus
strength of blow plus shallow flaking, also steeper flaking than could be
carried out with the hammer-stone. The large fluted chert cores and
small fluted jasper cores from India in the Museum seem likely to have
been the work of hammer-and-punch. There is also the right-angle
flaking, probably done by hammer-and-punch, on the sides of Danish
flint axes.

Impuisive-pressure with & crusch-shaped flaking tool. For a translation of the
accounts by Torquemada in 1615 and by Hermandez in 1651 of the crutch-
shaped wooden implement used in flaking obsidian by the Aztecs of Mexico,
see Tylor, 1861, pp. 331—2. These accounts are also quoted by Ewvans, 1897,
g;r. 23-24, and by Holmes, 1919, on pp: 323—4. On E 22 Holmes quotes
Sellers’s (1883, p. 870) record of Catlin's account of Hint-working processes
among the tribes of the Middle and Far West, and illustrates in Fig. 182, p. 323
(Holmes) a Mexican Indian flaking as described by Torquemada, and faki
by western United States tribes as described by Catlin. T. &'ilmn (1899, p. gﬂﬁ%
also gives Torguemada’s account. Catlin, quoted by Sellers (1883, p. §70), called
tl::fmcms ‘impulsive-pressure’. The flaking-shaits ‘were pointed with bone or
buck-horn, inserted in the working-end as represented in Fig. 1" (Fig. 23,

p. 86).

T summarize the technique, the worker placed the painted end of the
flaking-staff on the core, and then threw his chest forward on to the
crutch-shaped end, thus applying a forceful pressure-blow to the core.

Imphlsive-pressure-plus-percussion with the crutch-shaped faking jool. Sellers
(1885, p- B75) writes: ‘Fig. 2 [Fig. 24, p, 86] represents, as nearly as | recollect,
the rude sketches made of the flaking-tool used to throw off massive flakes, when
a sudden percussive pressure was required in addition to the impulsive pressure
the man could give. . . . The tooth or tusk of the walrus was highly prized for
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Fie. 23 Wooden flaking-saff for impulsive
presure, socin, to 4 . long, 2—3 . diameter,
pointed with bane; buck-horn, walrus-task, &c.
Drawn by [ M. Allen from the sketch md
description by 5. E. Sellers, Awn. Rep Foard
of Reveats, Smithionian Init, 1855, p. B74-
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Fie. 24. Waooden flaking-sizff pointed with
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cussion: | he branchon the left side was used to
secure ¢ heavy stane, The ciose-piece s againat
the aperator’s chaie, and when he throws ki
weight cin it, an assiitatt gives 2 dharp hlow in
the crotch an the right-hand sde with = wooden
club-of oval seeton shiown on the rigil! of the
staff, Drewn by L M. Allen from the sketeh aml
description by (3. E. Sellers, der. Rep. Board
of Regtars, Smithionian [air,, 1885, p. B7s.
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tips of the flakers. . . . It has been represented to me that a single blow rarely failed
to throw off the flake, frequently the entire depth of the block of stone, sometimes
-as much as 10 or 12 inches.’

To summarize the technique, at the instant the operator threw his
weight on to the flaking-staff an assistant also struck a projection on the
flaking-staff with a wooden club, thus adding percussion to the impul-
sive-pressure.

The advantage of the crutch-shaped tool in the impulsive-pressure
technique is accuracy, plus half-blow half-pressure force, which enabled
the worker to produce long, thin, narrow, and symmetrical flakes. A
further advantage is that cores could be flaked to a right angle and even
beyond, as may be seen in a large Mexican obsidian core in the Pitt
Rivers Muscum. In the impulsive-pressure-plus-percussion technique, it
was probably more effective when long and large flakes were required,
and when chert was being worked.

Pressure-flakers of bone. Evans (1897, p. 40) writes: "Captain John Smith
[1812, vol. xiii, pp. 35—36] writing in 1606 of the Indians of Virginia, savs ‘His
arrow-head he maketh quickly with a little bene, which he ever weareth at his
bracert’ (i.e. bracer, girﬂ!e, or bandage). This is also quoted by Stevens, 1870,
p- 79, and by Holmes, 1919, p. 316, from Smith, 1629, vol. i, p. 132.

Moorehead (1911, p. 49, Eig. 41) illustrates *Mandan bone chipping-tools.
These were made use of in flaking flint implements, Mandan village-site, North
Dakota. . . " Holmes, p. 312, writes that among the California Indians, probably
one of the Shoshonean tribes, Lieut, E. G. Beckwith (18535, p. 43) records a
pressure-flaker of a *simple piece of round bone’, Again, Holmes (p. 316) refers
to Sellers (1885, pp. 872—3) who records the use of a small pointed bone for
pressure-work by American Indian women chipping Hakes into small arrow-
points, as described to him by Titian R. Peale, who accompanied Lewis and
Clarke on their exploration to the Pacific. Holmes (p. 318, quoting Dulog, as
quoted by Mason, 1894, p. 6¢8) describes pressure-tools of bone ground down
to & blunt point.. ‘These tools [were] made often from the leg-bone of a deer.'

Pressure-flukers of antler time. G. E, Sellers (1885, p. B77) writes with reference
to a work-site on the northern bank of the Saline River about three miles above
its junction with the Ohio, ‘the great flood of the winter of 1862 and 1863 that
gverflowed this ridge some three or four feet , . . exposing over six acres of what
at first appeared to be # mass of chips or stone rubbish, but amongst it were
found many hammerstones, celts, grooved axes, cores, flakes, . . . many rines of
the buck or stag, all of which bore evidence of having been scraped to a point;
on: exposure to the air they fell to pieces.' (This passage is also quoted by Sir
Daniel Wilson, 1889

Holmes (1919, p. 314) quotes Redding (1879) on arrow-making among the
Wintoans of Cloud River, Oregon. ‘The demonstration was made by an old
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man named Consolulu who “brought, tied up in a deer-skin, a piece of obsidian
weighing about 1 pound, a fragment of a deer-horn split from z prong length-
wise, about four inches in length and half an inch in diameter, and ground off
squarely at the ends—this left each end a semicircle—Dbesides two deer prongs
(grfam.r columbianus) with the points ground down into the shape of a square,
sharp-pointed file; one of these being much smaller than the other™." A hammer-
stone and a piece of deer-horn were then used as & hammer and punch (see p. 84).
The pressure-work was performed by “the larger of the two deer prongs, which
had its pointed end sharpened in the form of a square file'. Pp. 315-16. In
making the notches he ‘used the smaller deer prong which had been sharpened
in the same form as the larger one, but all its proportions, in every respect, were
very much smaller; its point could not have been larger than one-sixteenth of an
inch square’. Holmes (p. 310) also describes a deer-horn tool for pressure-work
recorded by Powell (1843, pp. 1—2) as used by the Shoshoni arrow-makers 'in a
little valley north of the Uinta Mountains' in 1869, ‘a deer-horn tool from eight
to twelve inches in length and worked down from its original size by grinding so
that its diameter was a%:nut five-eighths of an inch’. On p. 316 Holmes describes
chipping implements ‘made of buckhorn reinforced with a piece of “rabbit
brush" ', used by an aged Washoe Indian. These are illustrated in Holmes's
Fig. 1734,

%fm,":r and Tooth. Holmes, p. 312, quotes Schumacher (1877, p. 547) wha
records a pressure tool of a stick about 1} feet in length with a point of the "tooth
of a sei lion or the horn of elk’ used by the Klamath Indians of California.

Stome and Toorh. Holmes, p. 318, quotes Father Morice (1893, p. 65) who
describes an elongated stone pressure-flaker in use among the Déné arrow-
makers, also the use of a moose molar tooth to replace in not a few cases the long
chipping stone.

or illustrations of pressure chipping tools see Holmes, p. 307, Fig. 173-

Other metheds akin to pressure-wpork, Sir John Evans (1897, p. 39) quotes
Gastaldi as translated by Chambers (Gastaldi, 1865, p. 106) on arrow-making
among the Indians of Mexico. Chambers says of Signor Craveri: ‘He relates
that when the Indians wish to make an arrow-head or other instrument of a piece
of obsidian, they take the piece in the left hand, and hold grasped in the other
a small goat's horn; they set the picce of stone upon the horn, and dexterously
Fmssing it against the point of it, while they give the horn a gentle movement

rom right ta left, and up and down, they disengage from it frequent chips, and
in this way obtain the desired form.’

Sir John Evans follows this account by one of other methads on the same page.
‘M. E. de Pourtales (Mortiller, vol. ii, p. 517) speaks of 4 small notch in the end
of the bone into which the edge of the flake is inserted, and a chip broken off it
by a sideways blow. Mr. T. R. Peale (Stevens, 1870, p. 78) describes the manu-
facture of arrow-heads among the Shasta and North Californian Indians, as being
effected by means of a notched horn, as a glazier chips glass. This has also been
fully described and illustrated by Mr. Paul Schumacher ?1 874, p-263,and 1877,
p. $47) of San Francisco. Major Powell confirms this account.’
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W. H. Halmes (1919, p. 324) also discusses this method. See especially the
account of Mexicans using a small goat’s horn.

Advantages of pressure-flaking to the worker. It is a-handy and effective
method of sharpening, pointing, serrating, and shallow-notching a stone
implement. For a discussion as to method see Knowles, F. H. S.; 1944.
For its possibilities in the manufacture of a spear-head in the skilled
hands of an aboriginal, see Elkin, 1948. A summary appears below.

Stone-waorking Tools wsed by the North-western dustralian Aborigines in the Manu-
facture of their Flaked Spear-heads

Professor A. P. Elkin (1938, p. 64) shows a photograph of a man making
a spear-point by pressure-flaking, and on p. 17 he writes: "the Ungarinyin and
Worora in the Northern Kimberley . , . are experts in making stone spear-points
by pressure flaking, a highly technical process only practised in its true form in
Northern and Eastern Kimberley. Such a spear-point is itself a work of art.’

Professor Elkin's paper on pressure-flaking in the northern Kimberley (1948)
shows a plate of six photographs illustrating the technique, and the article con-
tains a clear and detailed account of the processes involved in the manufacture of
a spear-head, and should be carefully studied, for it is 2 masterly and complete
piece of work. The tocls used by the native worker are a hammer-stone, hard
wood and bone pressure-flakers (a piece of stout fencing wire may also be used),
a table stone, and a grindstone. The side of the table stone may be used as the
grindstone, For the description of the processes, the whole paper should be read,
but the following may be quoted here for its interest in connexion with the
present work. P, 112: “The whole process takes hours of constant and concen-
trated effort, with much skiil and patience. It includes the preliminary knapping
of the care, which is followed by the chipping or knocking-off of flakes to reduce
the core to the approximate size and shape required, with a semblance of edges.
The third stage consists of pressure flaking, mainly with the thicker and softer-
pointed instrument, while in the fourth stage only 4 very sharp-pointed instru-
ment is used. But the process in both the second and third stages includes the
preparation of the striking and pressure platforms respectively by “turning
the edge”. . . . Finally, the observer cannot help noticing the skill shown by the
craftsman, his sureness of touch, his command of his instrument and of the
material he is working. . . . The craftsman is aware that a bad stroke will ruin
hours of work, but he knows where and how hard to hit or press, . . . | saw
sureness and continuous awareness of the goal—the formation by percussion and
pressure of a useful and beautiful object.’

Basedow g; 925, p. 368 and Plate LIV) gives a detailed account, with plate,
of the manufacture of finely flaked spear-heads by the north-western tribes. The
flake is chipped into shape with a hammer-stone, and finished by pressure-
flaking with a bone tool,
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Love (1936, p. 72) shows a Worora man making a spear-head by the second
process, pressure-flaking with a blunt wooden tool. P. 74 shows finely worked
stone spear-heads made by the Worora, and p. 75 shows the tools used by the
Worora in making the stone spear-heads, first, the hammer-stone for the first
stage, secondly the wooden pressure-flaker for the nexe stage of the work, and
thirdly the kangaroo-bone tool for making the fine serrations in the edges of the
spear-head. On p. 74 he says: ‘These stone spear-heads . . . are made by per-
cussion, then flaking by pressure, with stone, bone and wood tools, from several
kinds of fissile stone.’
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Chapter 1X
THE FLINT-WORKER HIMSELF

tribe could make his or her' own stone tools, but that in later days,

with increase in specialization, implement manufacture, at any rate
as regards the finer products, became a skilled occupation. Some literary
references from America and Australia are of interest in this matter, for
they are observations by Europeans who were in contact with native
stone-workers while they were still making their stone implements in the
traditional manner.

Social organization in America ranged from nomadic hunting tribes,
using stone, bone, &c., to city dwellers of advanced culture, who were
skilled architects and metal-workers, but still used stone for various
implements. The references in the literature suggest that among the
tribes stone-working was, on the whole, a specialized occupation or pro-
fession, and that among the workers there were master-flakers pre-
eminent in experience and skill.

In Australia, socicty consisted of small scattered hunting tribes, and the
faking of fine spear-heads appears to have been a tribal rather than an
individual accomplishment. But even in the tribe that specialized in
spear-head manufacture there would appear to have been individuals
rather more gifted in faking skill than their fellow workers.

I‘r seems likely that in all stone-working times every member of the

The Stone-worker in America

Catlin (1868, pp. 187—90) writes an account of arrow-head manufacture by
the Apache Indians. This journey was made about 1853, and there is an account
of it in his Preface ta Life among the Indians (1874). 1868, p. 187: "Like most
of the tribes west of and in the Rocky Mountains they manufacture the blades
of their spears and points for their arrows of flints and also of obsidian, which is
scattered over these volcanic regions west of the mountains, and, like other tribes,
they guard as a ]i:;rnfnund secret the mode by which the flints and obsidian are
hroken into the shapes they require.’ P. 188: ‘Every tribe has its factory in which
these arrow-heads are made, and in those, only certain adepts are able or allowed
to make them for the use of the tribe.’ (Quoted by Stevens, 1870, p. 82).

¢ Campbell 2nd Noone (1943, p: 299) refer to Tasmanian women making ‘nosed” scrapers (grattiin
& mutean), und Seflers {1985, pp. 872-73) and Holmes (1916, p. 316) record the use of 2 small peinted
bone for pressare-work by American Indian women chipping fiakes lnto small srraw-heads.
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Schooleraft (1853, part iii, p. 467) writes on the manufacture of flint arrow-
and spear-heads by the Indians. ‘Such is the art required in this business, both
in selecting and fracturing the stones, that it is found to be the employment of
particular, generally old men, who are laid aside from hunting, ro make arrow-
and spear-heads,’ (Quoted by Stevens, 1870, p. 78.)

Stevens (1870, pp. 77—78) quotes Caleb Lyon on the manufacture by percus-
sion of an obsidian arrow-head by a skilled workman of the Shasta tribe in
California. This account is also quoted by Evans (1897, p. 40) with reference
on p. 39 to sources, Details of the sources used by Stevens and Evans are col-
lected in the Bibliography under Caleb Lyon's name. Holmes (1919, p. 299)
quates the account, with the reference ‘Lyon, Letter of 1860, His extract ends
the description of the process as follows. 'l then requested him to carve me one
from the remains of a broken port bortle, which (after two failures) he succeeded
in doing, He gave as a reason for his ill success, he did not understand the grain
of the glass. No sculptor ever handled a chisel with greater precision, or more
carefully measured the weight and effect of every blow, than this ingenious
Indian, for, even among them, arrow making is a distinct trade or profession,
which many attempt, but in which few attain excellence. He understood the
capacity of the material he wrought, and, before striking the first blow, by sur-
veying the pebble, he could judge of its availability as well as the sculptor judges
of the perfection of a block of Parian.'

Holmes (1919, p. 321) quotes Powers (1877, p. 104): ‘Arrow-head manu-
facture is a speculity, just as arrow-making, medicine, and other arts.’

Sellers in his paper (188 ¢, p. B74) recalls Catlin's account to him on the latter’s
return from his travels among the western Indian tribes. *Most of the tribes had
men who were expert at flaking, and who could decide at sight the best mode of
working.” Pp. 874—5: "The best flakes, outside of the home-made, were a subject
of commerce, and came from certain localities where the chert of the best quality
was quarried in sheets or blocks, as it occurs in almost continuous seams in the
intercalated limestones of the Coal Measures. These seams-are mostly cracked
or broken into blocks, thar show the nature of the cross fracture, which is taken
advantage of by the operators, wha seemed to have reduced the art of flaking to
almost an ahsﬂ{utc science, with division of labor, one set of men being expert
in ing and selecting the stone, others in préparing the blocks for the
flaker." (Quoted also by Sir Daniel Wilson, 1889.)

Sellers (pp. 872-3). ‘Major 5. H. Long, afterwards Colonel, who in the Iatter
part of his life succeeded Col. John J. AEcn as head of the Topographical De-
partment of the United States Army, whenever in Philadelphia, was a frequent
visitor at my father’s house, and when preparing for his expedition to the Rocky
Mountains, in which my mother's youngest brother, Titian R, Peale, went as
assistant naturalist, I saw him almost daily. The subject of Haking and forming
arrow- and spear-heads was one of frequent discussion. . . . The expedition, re-
turned, and as far as | know, without any positive information as to the process
of making the flakes. Mr. Peale said that he had seen squaws chipping flakes into
small arrow-points, holding the flake in their left hand, grasped between a piece
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of bent leather, and chipping off small flakes by pressure, using a small pointed
hone in the right hand for that purpose. From this it was evident that John
Smith’s story was no myth. . . . He [Colonel Long] said that flakes prepared for
ints and other implements seemed to be an object of commerce among the
ndian tribes that he came in contact with, that there were but few places where
chert or quartzite was found of sufficient hardness and close and even grain to
flake well, and at those places there were men very expert at flaking. He had
understood that it was mostly done by pressure, and rarely by blows, but he had
never witnessed the operation.”

Sir Daniel Wilson (1889, p. 84) describes a visit he made in the summer of
1854 to a group of Chippewa lodges on the south-west shore of Lake Superior.
“But they had also their stone-tipped arrows, and one Indian was an object of
interest to a group of Indian boys as he busied himself in fashioning a water-
worn pebble into an edged tool. He held an oval pebble between the finger and
thumb, and used it with quick strokes as a hammer.’

The Stone-cvorker in Ausiralia

Professor Porteous (1931), writing of the aborigines of the Kimberley area,
says (p. 109): ‘No one can contemplate the fine workmanship of these beautifully
metrical spear-heads without feeling that the aboriginal craftsman has pro-
ceeded far beyond merely utilitarian ideas towards an appreciation of beauty of
form and perfection of achievement.' On p. 112 he writes: "Quite evidently
some of the blacks are much more skilled in the art of stone-flaking to a precon-
ceived design, and no doubt such artists are of much value to the tribe. Among
the Kimberley natives the art is very generally practised, even youths and boys
being observed very busily at work.” Plate XVII of the book shows stone spear-
head manufacture.

Love (1936), also writing of the northern Kimbeérley area, and in particular
of the Worora tribe, says (p. 74): ‘"While the women are away all day hunting,
the main occupation of the men is making stone spear-heads. These stone spear-
heads are the finest artefacts of the Worora. Of about the size and shape of a rose
leaf, with finely serrated edges, they are made by percussion, then flaking by

ressure, with stone, bone, and wood tools, from several kinds of fissile stone.

he Worora man, in his hunting, always keeps his eyes open for useful bits of
stone that will make spear-heads, He will take up a Erim:e of broken rock, the
size of his fist, lying on the surface of the ground, and test it by striking it with
any convenient Tump of stone lying about that will serve as a hammer. He will
knock pieces off the edges of the stone he has noticed. If it flakes ni::r.lr he will
break it down to somewhere near the size of a spear-head, and put it in his paper-
bark wallet, ta be dressed into shape at his leisure in his camp.’

Love (1936, p. 75). 'The whole work of making stone implements is a highly
skilled art. Some uf the stones used are semi-precious, as agates and crystals.
The completed spear-head is a really beautiful object, with a needle point and
wnnderﬁ.ﬁly_iymmctrinl edges. Boys and youths who have not been initiated as
full members of the tribe are not ali)awed to try making these stone spear-heads,
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of which the Worora are justly proud. Yet all this highly skilled labour is for
one throw of the spear! The stone points are very brittle, and consequently break
when thrown, unless the spear should pierce a soft part of the beast and be
retrieved unbroken. More often than not, the point is broken off in the kangaroo
that is struck, so that, even when the throw is successful and the hunter retrieves
his spear after one throw, the stone head has to be renewed. No wonder the
making of stone spear-heads is the main occupation of the Worora men. The
wonder is that such care is lavished on an article destined to have such a short
life. All the men make good spear-heads. I cannot name any man who cannot
make a good one, though some are even neater than others, When the stone is
finally shaped, serrated and complete, the artist (for artist is the proper name for
him) puts the new spear-head in his mouth, wets it, and holds it up to appraise
its beanty and keen point. If it is a translucent stone, he holds it up to the light
and lovingly ponders over its colour. The men love to choose beautitully coloured
stones for the making of the spear-heads. .. ./

Idriess (1949, p. 59) says ot the aborigines of the north-west Kimberley ares,
north of the King Leopold Range, *. . . the aboriginal does not consider work
or time if the subject he is engaged upon interests him’. On p. 172 he writes:
‘Several of the primitives passed the time away by flaking stone spear-heads,
fashioning them very much as glass ones are made nearer civilization. Only here
they had no wire tools; they gouged the finer chips from the stone with spike-
like tools of pointed kangaroo bone—rchumbee they called these chipping-bones.
It seems unbelievable that hard flint can be fiaked or chipped by bone, but these
primitives were managing it methodically. The only difference was that the work
was harder and slower than on glass. One old expert, forgetting all about the
patrol, gradually became absorbed in his job. He bit his lips, staring down at
the fashioning spear-head, levering with his body stiffened, eyes and mind and
cunning hand concentrated on every chipping. He cut his finger on a splinter,
absentmindedly wiped the blood off on his hair, and bent again to the job. E‘or the
last chipping which makes the needle point and tiny serrated edges so true and
delicate, he used a smaller bone, and with magic touch produced a truly exquisite
thing. But he did not finish the job until sundown.’

For other remarks on aboriginal craftsmanship, the reader is asked to consult
Professor Elkin's paper in Max (1948), already quoted on p. $¢.
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weapons is very great, and would need prolonged research and

work in the field in order to deal with it at all satisfactorily, for
each geographical area has its own formations of siliceous stone, and the
men living in that area would haye their own special problems of obtain-
ing and treating the material. W. H. Holmes in his treatise on the Lithic
Industries of North America (1919) most excellently performed this
task as it concerns that area and the American Indian, and the student
will find his work a mine of information on material, and on the technical
methods used by primitive man to deal with it successfully.

Siliceous stone is only found in certain areas.! Furthermore, it may
even in those areas be difficult to get good flaking-material. The first
thing that the modern experimenter finds in England is that good flaking-
fint is very rare. In England the chalk area is limited, and even in places
where there is chalk it is very hard to get good material. Weathered Aint
is no good, and flint that has been washed out of the chalk is intractable.?
Many flint seams are composed of nodules either impossible in shape or
bad to flake. In fact, a seam of good flint is a treasure, and when it was
found by the primitives it resulted in the long-timed and extensive work-
ing seen at Grimes Graves in this country, and at Flint Ridge in Ohio.

However, Man by virtue of his intelligence and adaptability could find
sufficiently good substitutes for stone, and need not therefore be entirely
dependent on it. Wood, shell, bone, ivory, and teeth are all effective in
their various ways, and were used by Man for his tools and weapons,
either with or without the addition of stone.

It would labour the point to attempt to give many examples, for these
materials were all used, even where flint was available, at any time or
place where men lived. Special mention, however, may be made of the
Neolithic-type adzes made from solid shell, keen-cdged and in colour
and weight like ivory, used by the natives of the Caroline Islands, Aua

' This has been pointed out, as it tpplies to America, by Sir Daniel Wilson, 1889 (see p. g8), and by
Major Long, as quoted by Sellers, on p. 93,

& In the writer's cxpenience, weathered Hint or redistributed fint may be possible to fake and shupe,
but the pieces crack easily, Baking is tough and uncertain, and the resulting implement looks very crude.
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Tsland, and the Pelew Islands in the Pacific, of the wéapons edged with
shark’s teeth used by the Kingsmill Islanders in the Pacific, of the knife
of bamboo, the edge sharp and easily renewed by tearing off a thin strip,
used by natives of New Guinea, and of the use of bone and ivory by the
Eskimo, The use of bone and antler for arrow-points, and of teeth for
knives and chisels by an inland Iroquoian Indian tribe is shown in W, J.
Wintemberg’s (1936) report on the Roebuck prehistoric village site, and
the use of bone, antler, and teeth by a coastal Indian people, probably
Micmac, is illustrated by Wintemberg and Smith (1929) in a report on
shell-heaps in Nova Scotia. These reports and their illustrations will
serve to emphasize the value to the primitive of these materials, and of
their use to him. One would imagine that in working bone, antler, and
ivory, even a chip of stone would be most essential for cutting and sawing
them into form. It may be of interest to sec what the authors of the
Reports just mentioned have to say about the knives of these two Indian
peoples.

Wintemberg (1936, p. §2) writes: ‘Knives were almost indispensable in shap-
ing or carving wooden, bone, antler, and shell artefacts, but no stone artefacts
specially made for the purpose were found. It is probable, however, that some
of the arrow-points may on occasion have been used, and also sharp chips of chert
and quartz crystals, of which several pieces were found. The sharp edges of some
of the chips would readily cut pieces of bone and antler; especially if the antler
were first softened by boiling in water. It is probable that a chert chip blade was
inserted in the narrow socket of the antler handle seen in Plate X1V, figure 10.’

Smith (1929, p. i) writes as follows concerning implements used for cutting
by Indians anciently living at Merigomish Harbour in Nova Scotia: 'Cutting
was probably done with flakes of stone, and with knives and scrapers chipped
from stone, beaten out of copper, and made of beaver and woodchuck teeth.’

Observations in these reports on prehistoric Nova Scotian tribes suggest that
abundance of suitable material does not necessarily mean that it will be used. In
the report on the Eisenhauer shell-heap, Wintemberg (1929, p. 114) writes:
* Animal Materials, Evidence was found that bone, antler, and teeth were used as
material for artefacts, Although there was an abundance of shells, not 4 single
artefact was made of this material; in fact, shell artefacts are rare in shell-hes
along the northern Atlantic coast.” In his report on Merigomish Harbour 1n
Nova Scotia, Smith (1929, p. 20) says: ‘In fact, objects made of shell are rarer
in the shell-heaps and elsewhere on the Atlantic and Pacific coasts of Canada
than they are in the mounds of the interior of the continent.’

Flint ./~
Most suitable of all material for the primitive is flint or flinty stone; for
flakes from siliceous stone have the keenest of hard edges. These edges
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can be easily serrated to turn them into saws, and the flakes themselves
when chipped into implements may be formed with serrated cutting
edges, and extremely sharp hard points; so also with the larger imple-
ments made from seam and nodular material. Some references from
literature may be of interest for the light they throw on the way in which
the worker regards his material, and on the shape and type of thesiliceous
formations he has to tackle before he can manufacture flint tools and
weapons, for the shape of his raw materials will influence his technical
methods.

Appreciation of Fine-quality Ston¢

OF the American Indian, Sir Daniel Wilson (1889, p. 83) writes: ‘The old
arrow-makers evidently derived pleasure from the selection of attractive materials
for some of their choicest specimens of handiwork.” Of the Australian aborigine,
1. R. B. Love (1936; p. 75) says: ‘The men love to choose beautifully coloured
stanes for the making of the spear-heads.’ Another point of view is given by
W, H. Holmes (1919, p. 320, quoting Chever; 1870, pp. 139—40). ‘Obsidian
and agate are Embabl y selected not so much for beauty of colouring as for their
close grain, which admits of more careful shaping.’

The writer's experience with the fine materials of beautiful colour,
such as jasper, chalcedony, obsidian, &c., has not been extensive on
account of the difficulty of obtaining these materials for experimental
purposes. But such experience as he has had does suggest that fine flaking-
quality accompanies beauty and fineness of material. If this is indeed the
case, then it would be all the more reason why beautiful material should
be prized by the stone-worker.

Quarry Rights

As an American example, Holmes (1919, p. 318) quotes an extract from
Father Morice (1895, p. 65) that illustrates native quarry rights. “The matenial
chosen in preference to fashion arrow or spear heads with was loose, broken
pieces of the rock, such as were found on the surface, Of course, these were con-
fined to a few localities only, wherein were situated sorts of quarries which were
very jealously guarded against an on, even of the same tribe, whose right
to share in their contents was nu:g ly established. A violation of this traditional
law was often considered a casus belli berween the co-clansmen of the trespassers

and those of the mﬁctmﬁ of the quarry.”
Giving an Australian example, Mitchell (1949, p. 96, quoting Howitt, 1904,
p. 311-12) writes: ‘But there were places which such a group of people claimed
or some special reason, and in which the whole tribe an interest, Such a
place was the “stone quarry” at Mt. William near Lancefield, from which the
material for making tomahawks was procured. The family proprietorship of this
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quarry had wide ramifications, including more than Wurunjerri people. On the
one side it included the husband of Billi-billeri’s sister, one of the Headmen of
the Kurnung-William, who lived at Bacchus Marsh, and one who ‘was named
Nurrum-nurrum-biin, that is, “moss growing on decayed wood™. On another
side it included Ningu-labul, and in another direction Bebejern, the son of an
heiress in quarry rights, from whom an interest came to Berak through his father
Bebgjm.%m it was Billi-billeri, the head of the family whose country included
the quarry, who lived on it, . . . his place was taken by the son of his sister, the
wife of Nurrum-nurrum-biin, who came on such occasions to take charge, when
it may be assumed, like Billi-billeri, he occupied himself in splitting stone to
supply demands, The enormous amount of broken stone 1fing about on this
mountain shows that generations of the predecessors of Billi-billeri must have
laboured at this work. When neighbouring tribes wished for some stone they
sent a messenger to Billi-billeri saying that they would send goods in exchange
for it, such as skin-rugs. , , . [f however, people came and took stone without leave,
it caused trouble and perhaps a fight between Billi-billeri’s people and them.
Semetimes men came by stealth and stole stone.’

Search for suitable Stone and Trade in it by the American Indian

Sir Daniel Wilson (1889, p. 77) writes on the search for material by the Indian.
stone-workers, and their travelling long distances to obtain supplies of material
best suited for the manufacture pfl?:iiﬁtrant classes of implements. On pp. 8485
he also writes: “But suitable and specially prized material were sometimes sought
on different sites, and disseminated from thence by the primitive trader. Alon
eastern Labrador and in Newfoundland arrow-heads are mostly fashioned out o%
a peculiar light-grey translucent quartzite. Dr, Bell informs me that near Chimo,
south of Ungava Bay, s a spot resorted to by the Indians from time immemonal
for this favourite material, and arrows made from it are not uncommeon even in
Nova Scotia. Among the tribes remote from the sea-coast, where no exposed
rock furnished available matenal for the manufacture of their stone implements,
the chief source of supply was the larger pebbles of the river beds. From these
the most suitable stones were carefully selected, and often carried great distances.”

Siliceons Marerial in Noreh America

Sir Daniel Wilson (188¢) writes on p. 71: . . . the chert, or hornstone, which
abounds in the chert layers of the corniferous formation, [is] of common occur-
rence in Canada. . . . This Devonian formation is made up chiefly of limestone
strata, parted in many places by layers of chert which vary in thickness from
half an inch to three or four inches. The limestones are more or less bituminous,
and frequently contain chert nodules, ., , The formation underlies a considerable
portion of south-western Ontario.' On p. 85 he also writes: ‘The finest flint
implements of Canada are those of the north shore of Lake Huron, made from
a material corresponding to a very fine grained quartzite, approximating to
chalcedony, found among the Huronian rocks D;l that region. Dr. Bell has
referred to this in his report for 1874.
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W. H. Holmes (1919, p. 188) writes of the chert concretions used in the
manufacture of large chipped blades ar Mill Creek Quarries, Illinois: "The
transverse section is very uniformly that of a flattened lens, which adapted them
especially to the chipping operations of the aborigines.’

Thomas Wilson (1899, p: 874) says: 'Flint Ridge, Ohio [Plate 13, his paper]
i< a locality noted for its ledge deposit of flint, while the flint disks from Ohio and
Illinois [gﬁtﬁ 62, 63, his paper] show deposits to have been in nodules.” Later
on the same page, Wilson gives excerpts from Hall's ‘Pentamerous limestones
of the Clinton group' (1843) indicating the existence of flint in strata and in
nodules in parts of New York Srate.

Another extract from Thomas Wilson's paper (1899, p. 9of) is interest-
ing in irs reference to the use of thin seam material by the American Indian
worker. ‘Fig. 126 [his paper] is another of the long, narrow, and thin fint
or jasper implements from the Pacific Coast. Although it is 71 inches long
and 2 inches wide, it is but one-eighth of an inch thick. It, with two or three
ather specimens, is peculiar in that though thin, they have not been reduced by
chipping. They are quite flat in section, reduced in thickness only to form the
edge. This peculiarity is caused by the layer of flint being a natural formation
in its present thickness. The deposit of fiint, however made, has been intercalated
with a layer on each side of what has the appearance of lime or ¢halk, the surface
being broken by right lines into pmi!elngmmic figures, as shown in the illus-
tration. Only slight chipping was necessary to reduce the implement ta a sharp
edge. For the better understanding of this, reference is made to Plate 31, fig. 2
[Wilson’s plate].”

Professor E. B. Tylor describes the use of obsidian and chalcedony by the
Indians of Mexico in Anakuac (1861, p. 99). ‘About here, some of the trachytic
porphyry which forms the substance of the hills, had happened to have cooled,
under suitable conditions, from the molten state into & sort of slag or volcanic
glass, which is the obsidian in question, and in places, this vitreous lava—from
one layer having flowed over another which was already cool—was regularly
stratified.’ This was at Cerro de Navajas, the “hill of knives', which is shown on
the map in the book. On p. 96, Tylor showsa spear-head of chalcedony, and says
“this peculiar ﬁnlﬁccnt chalcedony occurs as concretions, sometimes of large
size, in the trachytic lavas of Mexico'.

Siliceous Material in Australia

Spencer and Gillen (1994, p. 365) writing of Central Australia, say: ‘In
regard to [the aboriginal stone implements], as a whole the most interesting
feature is that one and the same tribe will not only use but make roughly or most
carefully flaked stones, chipped stones, and ground axes. . . . Amongst the
Central Australian aborigines, it is simply a question of the material available.
If they have a supply of quartzite, then they make flaked or flaked and chipped
implements.’ P. 640: ‘Fliked knives [are made] of quartzite, & quartzite that

vuries in structure from a close-grained quartzite to that of a smooth opalescent
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quartzite. In some form or another quartzite i5 distributed over a very large area
of Central Australia.’

Spencer (1914, p. 353): ‘The one thing that stands out clearly, is that the
nature of the stone weapon, or implement, used by an Australian aboriginal is
determined, primarily, by the nature of the material available. If he lives where
he can secure only quartzite, or some such rock, then he makes chipped and
faked implements. . . . If he lives where he can secure diorite and rocks of that
nature, then he grinds his stone implements and, if he lives where he can obtain
both quartzite and dierite, then he makes flaked, chipped, and ground imple-
ments, just according to what material lies handiest.”

McCarthy (1943, p. 129), concerning the ancient implements found on the
south coast of New South Wales, writes: ‘A wide range of siliceous materials
(Harper, 191%) is represented, including chert, chalcedony, quartz, flint, jasper,
latite, slate, quartzite, and porphyry, and silicified wood, tuffs, shales, grits; and
tertiary sands. . . . No doubt some local outcrops of stone were favoured for
making artefacts, and stone from them traded between groups of natives, because
a considerable proportion of the materials has been brought to most of the
kitchen middens along the south coast.’

Of the northern Kimberley area, Professor Elkin (1948, p. 110) writes: ‘In
the Kimberleys the kind of stone used is a quartzite, varying in colour from
white to red, though Mr. Best says that the Drysdale River natives prefer a
“hard slatey grey stone”. This is broken up with any available piece of hard
hammer stone into crude cores of anything up to two or even three pounds in
weight. These are carefully examined, the pieces deemed satisfactory being kept
for further working. In the Victoria River region of the Northern Territory,
flint is said ta be used.’

Mitchell (1949, p. 18) writes: “The aboriginal’s choice of a stone material
was guided by a knowledge of its physical properties gained in the hard school
of experience; it had been handed down to him by his forbears but he himself
was seemingly always an experimentalist. For many purposes his preference
seems to have been fine-grained quartzite, but when that was not forthcoming
he used quartz, flint, juﬁr, or some other rock. For a specific purpose a par-
ticular kind of rock may have been desirable, such as diabase, so widely used in
Victoria for edge-ground axes.'

Mitchell’s book contains much valuable information on the material
used for implements by the Australian aborigines.
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CHANGE IN TECHNIQUE, AND THE UNDER-
LYING IDEA IN TECHNICAL METHODS

to late periods, time and development are foreshortened, and changes
which took many hundreds and thousands of years to develop appear
to have arisen in the space of onc exhibition case to another. Yet many
must have been the slight changes in the accepted techniques of the time,
some perhaps due to accident owing to the material used and its shape in
its raw state, some to the individual variationsinherent in a handicraft, and
some due to the experimental genius of the individual worker secking to
better the standard methods, before the underlying idea in the stone-
working methods of the period became changed, a new idea considered
an improvement on the old one accepted, and a new technique born.
Inventive genius must have been stimulated and new ideas called forth
by new wants brought into being by changes in living conditions due to
climate, new environment, or survival in the face of the hostility or com-
petition of other peoples. All these causes might well evoke new or im-
proved ways of dealing with wood, antler, and other materials in general
use, necessitating new forms of stone tools, or urge the need for new and
improved forms of stone implements to arm new or improved weaporns.
The foregoing observations will apply only to the main stream of
development of technical knowledge, for there are many cross-currents,
eddies, and backwaters. Nevertheless, taking Mankind as a whole, it
seems reasonable to suppose that technical equipment developed little by
little in the manner indicated above. Otherwise the civilized and metal-
using peoples of later times would never have emerged from the Stone
Age peoples of the world, and there would never have been any tech-
nical advance anywhere. The backwaters and cross-currents may be
illustrated by two peoples of modern times, the Tasmanians and the
Bushmen of South Africa.

I'.\-' a representative museum collection of flint implements from early

The Tasmanian Aborigines

These people were armed only with wooden spear and club. In their
stone tools they might be classed as *'Upper Palacolithic’, for they made
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and used many of the types characteristic of that period in Europe and
clsewhere. Some of their stone tools were crude picks, choppers, and
flakes reminiscent of Lower Palaeolithic types and flaking methods; on
the other hand some of their flaking was quite fine, and many of their
flaked cores were of Later Stone Age type. Technically they were much
behind their nearest neighbours the Australian aborigines, They had not
developed the grinding and polishing of stone to make adzes and axes,
nor did they make flaked-points. Yet they lived and held their own in
their environment; the sea saved them for a long period from the en-
croachment of more progressive peoples; their tools were sufficient to
supply their wants, and their weapons were sufficient for their intertribal
quarrels. So far as we can tell, they lived as contentedly and healthily as
other native peoples. It was only when they were confronted by the
invading European with his firearm that their want of 'progress” proved
fatal to their existence:

The South African Bushman

Here we are dealing with 2 Stone Age people whose strength lay in its.
ability to live in a harsh and arid environment, and in its employment of
poison on weapons o as to hold its own against hostile iron-using neigh-
bours. There was no need of an elaborate arrow-head; a chip-edged
arrow-point covered with poison was deadly though the wound inflicted
might be slight. The Bushmen built no houses and used no boats, and
there was therefore no need for the ground-stone adzes of other peoples,
Yet archacologically there seems to be evidence that their ancestors had
made and used adzes* and finely flaked arrow-heads and spear-heads, and
were culturally nearing the Neolithic stage (Lowe, 1947, p. 91). If that
is so, then the change to a more arid environment owing to the pressure
of hostile tribes, and the development of poison as a weapon, may have
caused a retrograde condition so far as stone-work was concerned, al-
though the stone tools they did use were well made and included charac-
teristic Upper Palacolithic and Mesolithic types. A people on the verge
of a considerable cultural advance may have been driven back so far as
material and technical advance was concerned. Nevertheless, intelligence,
adaptability, and technical methods concentrated on the preparation and
use of poison enabled the Bushman to hold his own, until eventually con-
fronted by the firearm that far outranged his poisoned arrow.

| Oftenn ealled “axes’, but casts of three in the Pirt Rivers Muscum appear to be adres.
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The Part played by the Individual in Technical Advance

It is an intéresting question as to how far technical advance can occur
in primitive socicty by the effort of the individual worker. In periods of
general advance, inventions by the worker would be welcomed and incor-
porated forthwith if they proved to be useful. This can be seen in the
history of our own times, and cqually from history may be seen objections
and obstructions to revolutionary changes in technique.

That advance in the realms of thought could be severely dealt with if
it ran counter to the ruling opinion is shown in the history of mediacval
and earlier times, and even now in our own day. The primitive appears
to have been deeply conservative and traditionally minded, and there
may have been good reasons for this in his adaptation to his environment.
[t was when the Europeans came that there was need for revolutionary
changes in his material and cultural life if he were to survive the impact,
and for some of the backward peoples the change was too much.

Advance within a limited area is shown by the stratified deposits of the
French caves, and by those of the caves on Mt. Carmel in Palestine,
excavated by Professor D. A. E. Garrod. Here in chronological sequence
can be seen the gradual development of new forms of technique and new
forms of tool. These developments may be due to individual effort; to
individualism plus outside contac, or to outside contact (culture-contact)
alone. But if due to the last two, the question still remains as to how the
‘outside contact’ developed its superior technique. Perhaps there were

eriods of acute activity stimulated by changes in environment or con-
ditions of life. Always there is the desire for change and novelty in each
succeeding generation of youth. These may be some of the springs at the
source of progress.

An Example of Technical Advance

Perhaps of all stone techniques the core technique, whereby the worker
obtained his essential flake-tools, best shows the change of thought and
practice that, from a general and universal point of view, added to the
techniques of the stone-worker.

The carlicst core technique represented in the Pitt Rivers collections
is that of the Clacton and Clacton-type. In this technique the worker
used flattencd nodules or pieces and struck off flakes from the edges in
the obvious and easiest way. This is probably the earliest core technique,
yet one that was always found useful at times and placesin stone-working,
even in the latest Stone Age times, '
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Gradually the worker found that it was possible to form the shape of
the flake he wanted on one face of the mass of stone he was using as a core,
instead of going on striking rather clumsy flakes from the edges of the
piece. At the back of his quest for a particular flake there must have been
a number of compelling factors and the urge for 2 symmetrical flake of
some needed form. Eventually he found that by improving on this tech-
nique by using different forms of core, he could obtain a number of dif-
ferent forms and sizes of flake-implements. Thus in the full development
of the ‘tortoise’-type core a very efficient form of flake and flake-imple-
ment technique was established, was widespread, and was characteristic
of what may be called the Middle Palaeolithic period.

Then the urge arose for symmetrical flakes, narrow in proportion to
their width, in different sizes, and capable of being produced in large
quantities, and the Brandon-type and double-platform cores were the
answer, for the requisite single-ridged and double-ridged flakes could be
produced in large numbers from a suitably shaped core of cither of these
kinds, with the minimum of waste material, or a core of this kind could
be kept, from which a fresh knife could be struck whenever the one in
use became blunted, until nothing was left but a waste core to be dis-
carded, while a fresh one took its place.

Now some forms of “tortoise’-core were at their opening stages Brandon-
type cores in being, and the double-platform core is plainly developed
from a form of double-platform "tortoise’-type core, so that the underlying
idea in the stone-worker’s mind had only to work in its development
from one form of core to another. Yet the change was complete and final,
and the ‘tortoise’-type core is not to be found in the later prehistoric Stone
Age, nor in the modern Stone Age industries of our own time (sce
pp- 46-52 for a detailed account of core types and their periods).

The changes themselves must have led to the search for material of
suitable shape and quality, and so on to the later development of mining
for siliceous stone. Improvements of one kind led to improvements in
another, and to an ever-widening and increasing flow of needs accom-
panied by the means to satisfy them.,

In the implement itself, the Lower Palaeolithic hand-axe shows the
idea working in the variation from the essential and characteristic pear-
shaped chopping and piercing instrument, a general purpose tool, to the
chopper, cleaver, and dagger-shaped forms of the Late Acheulean period,
and so on to the chopping implements, and possibly indirectly to the
axes and adzes, of modern Stone Age peoples. '
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The flake develops into a number of implements for specialized pur-
poses, and in time, when the bow is invented, may become the symmetri-
cally flaked stone arrow-head of the Neolithic and later period.

The flaked spear-point and knife develop into the beautiful Egyptian
Predynastic chert ripple-flaked knife, the Danish handled and Huted-
flaked flint dagger, and the magnificent American Indian flaked knives,
all three types the artistic and technical masterpieces of Man's work in
flaking stone.
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Chapter X11
FLINT-WORK AND THE FLINT-WORKER

tools and implements. The flakes struck off in the making of a flint

implement show by the direction of the flake-scars the intention and
skill of the man who shaped the piece of flint. The way in which the Aake-
scars were made, the technique, shows the degree of the worker’s skill,
intelligence, and knowledge of his material, while the form and variety
of the implements themselyes, among peoples who make considerable use
of flinty material, may show the com plexity of the worker’s life, the
* cultural level to which he has attained, and his artistic fecling for beauty
of shape and surface pattern.

Itis therefore for the light they throw on the development of Man that
so much interest lies in the study of stone implements, for their increasing
fineness and complexity through the time periods shows the developing
fineness and complexity of the mind of their users; the advance in tech-
nical methods shows the gradually acquired mastery of the material by
means of experiment and inventive genius, and artistry and craftsmanship
are shown in the shaping by skill of hand a difficult, often beautiful
material.

1t is necessary to stress at this point the carly date at which fine crafts-
manship was shown by Stone Age Man, for even as far back as the Lower
Palacolithic, the large finely made Acheulean-type hand-axesare, in their
shape, symmetrical section, and the pattern of their cross-flaking, superb
examples of skill in flint-flaking, Later, in the French Solutrean period
of the Upper Palaeolithic, yet still remote in point of time; the large leaf-
shaped flaked-points are, in their width, thinness of section, and the sym-
metrical cross-flaking of their surfaces, among the finest products of the
flint-flaker at any date. Their size and thinness must have necessitated
careful handling, and it may be that some mining expericnce was needed
to find seams that would supply nodules of a shape that would lend itself
to the manufacture of these wonderful examples of fint-work.

Surveying stonc-working as a whole, the significant advance in the
later periods was the invention of techniques that enabled the worker to
use unflakeable stone. Nevertheless, flint was always in use where it was

106

FLLNT, and other stone, make the most durable of Stone Age Man's



FLINT-WORK AND THE FLINT-WORKER

plentiful and of good quality, and in those areas the later stone-worker
with his advanced technical knowledge and specialized skill was able to
manufacture flaked-implements of a perfection of shape and faking-
pattern that could not have been achieved by his distant ancestors.

The faked-flint implement is an object of interest because of its
material, symmetry of form, and flaking-pattern, and because of the
technique of its manufacture. It has also the romantic association of places
and times far off and long ago. But it is, above all, the very lasting evi-
dence of the skill, inventiveness, and artistry of the Stone Age Craftsman,
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Coutier, M : experimental work of, 63;

flakes struck by, 72; illus. 67 fig. 20

criftsmanship: of aboriginal Australians, g4; of
prehitoric man, 13, 106,

Craig-Lwyd: factorysite at, 4.

Cross, James: specimens collected by, 48 fig. 13;
49 Bg. 14.

croms-flaking: see under ‘flaking’.

erystal: wie of, for making spear-heads, g7

Cushendall: factory-site at, 45.

daggers, Danish fint: see under Denmark,

definitions, 17.

Déné Indians: pressure-flaker of, 88,

Depmark: adzes from, 61; axey from, 4445,
655 technique of making, 85; characteristic

stone implements of, 23; daggers from, 53,
60, 74, 104—5; knives from, 23, 56, B1.
development, technical: causes of, discussed, 103;
theoretical series showing, 56.
dinbase: use of, for implementy, 100,
diorite; use of, for implements, 1oo.
disks, flint: gg.
Dordogne: types of bulls from, 79, cores from, 51,
Downlian, Suffolk: unfinished hand-sxe from, 44,
illus. 38 fig. 5.
Drevsdale River, Australiay stone-worken of; 100,
Dulog, H. C.; on bone pressure-fiakers, 87,
Dunn, E. J.: specimens ted by, 27, 36.
Eastbourne: Neclithic adze from, 31, illus. 28 fig.

2.

cdge-flaking: see under flaking.

edge, square: method of flaking from, 37; on
Danith Neolithic adze, 61,

Egypt: hand-axe from, 35 fig- 43 iron used in, 223
knives, stone ripple-laked, 23, 32, 56, 69, 21,
105 : prehistoric periods im, 21,

Eiienhslfcr shell-heap: artefacts found in, gb.

Elkin, Professor A, P.: on Awstralian craftsmen-
ship, 94 on materisls, 1007 on wse of striking-
platform, 57, 75 on pressare-flaking, 52, 64.n;
technique of, described, 89; on spear-heads,
58, 82; an “turning the edge’, 3, 9, 89.

England: hand-axves in, 18; prehistoric periods in,
specimend from Lower P lithic, 75, Middle,
19, Neolithic, 44; scarcity of flaking-flint in,
95. Sce abo under Biddenham, Brandon,
Grrimes Graves, Northfleet, Swanscombe.

Environment: geographical, pessible relation 1o
technique, 1oz,

Eskimo: bane and ivory nsed by, of; metal treated
as stone by, 22; stone-working of, 83.

Etn;mh Mound Group: ceremonial knives from,

I.

Furape: use of burin in, 22; prehistoric coligral
periods of, 21; stone-working in, 31-—32;
techniques of, compared with Bushman, 1oz,
mth['mmum, 1o1. See also under separate

countries,

Europeans: effect of impact on primitive peoples,
12, 102-1.

Evans, Dr. Joan: on experimental work of Sir
John Evans, 84.

Evans, 5r John: on American Indian stone-
working, 82, BB, 92; experimental work of, 84;
on flaking methods, 831; on horn hammers, 84;
on presure-flaking, 3, 87; on use of punch,
85; on ripple-flaking, 32.

evalutiont of techniques, 17-18.

Eyzies, Les: core from, illus. 51 fig. 17.
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factory-sites: 3444, 45, 87, 91.

Ferrasie, La: analysis af:pn:gum from, 8o core
from, illus. 51 fg. 17.

Bakes: axe-making from, 36, 39; characteristics of,
6ifi: collection of, 751 development of, 104-5;
diffiee-bulb, classes of, 745 double-ridged, 55
fig. 18, 56, 58, 104; formation of, 67 figs. 21,
2z; geometric, 19; knives made from, 39;
spear-heads made from, 58; technique of
making from core, 40 fig. 8, 47, 48; long, §7;
varietics of, siruck off by hard Bammer, 74,
by baton, 63, 72.

flake-scars, stody of, 106,

Aaking: development of methods of, 14; aatural,
18 n., right-engle, B5; secondary, §3; thallow,
32; varieties of, s indication of technique, 61,

— cross. 2 of Soltitrean paints, 1o6; technique of,
31 use of, 55, 36, 42, 43, 53-

— edge: on Bushman chopper, 35; on Clacton-
Lypt care, 34-

— ripple: discussion of, 32; of American Indians,
81; of Predynastic Egyptians, 32, 56, 60, 81 n,,
103,

ﬂlkiui-ph:fnrm: definition of, 13; preparation of,
38; use of, 31, 4346, 54. See abo under
*striking-platform’, “turning the edge’,

flaking-staff: 61, Bg, illus. 86 figs: 23, 245 advan-

i e G547 f, see und
144 ¥ i Scams of, sec under
‘seams’; sratified, gy; mbulr, implement made
fram, 35, use of, 37 n., §6; unsuitable Kinds of,

98-
Flint Ridge, Ohio: source of material, g3, 9.
Flower, J. W.= speciniens collected by, 38 bg. 5,

44

Flawer, Sir William, g.

fluting, technique of;, 74-

France: experimental work done in, 63; hand-axes
from, 18; fhited cores from, 32; Palaeolithic
periods in, techniques of, 52, specimens from,
19, 79 stratified deposits in, 103 toal-types of,
21, 22. See abo Dordogne, la Ferrase,
Laussel, Les Eyzies, Placard,

Fox, A. Lane: on collections from Cissbury, 45.

Garrod, Professor D. A. E.: collections of, 18, 19;
cxcavations of, 103; specimens presented by, 18,
47, 56.

Garrod, D, A, E. and Bate, D. M. A.: on Mount
Carmel, 18, 56.

Gastzldi, B.: on toel-making in Mexico, 88,

Gillen, F. ]., see Spencer, W. Baldwin, and
Gillen, F. |.

glass: experimental wse of, by Professor Barnes,

71=72, by an Americm Indim, gz; Haking
quality of, 63; used by Australisns for spear-
heady, Bz,

Grimes Graves: bone pin found ar; 845 core from,
illus. 49 fig. 15; fint-workings at, 95,

grinding, wwe of: in adze-making, 42, in forested
arcns, 15 1; in Late Steno Age, 2o, 32;'in
Mesalithic period, zo.

grindstone, use of: by Australians, By,

govge-edge: method of preducing, 31 n.

gun-flint knappers: 3, technique of) 545 745 type
of core used by, 50,

hafting: af axes, 2g; notching for, 32.

Hagen, Mount: ceremonial sxes from, 29.

Hall, James; on strtificd fint, 9g.

Hammer: shape of, effict on result, 705 varistics
af, 3; ofantler, By; ofiron, 72, 74; of ivery, 723
of mietal, 603 of stone, see below.,

— hard: sdvantages of, 61-62, 63; defined, 66;
efeet of, 743 technique of using, 33, 45-46;
pse of, 57, in Australing 100, st Biddenham,
75—79. See also under ‘hammer-stone’.

— soft: advantages of, 74=75; defined, 66; ex-
periments with, 63~63; indications of, 6c-61;
probable use of, in prehistoric times, 32, 52,
at Biddenbam, 77.

hammer-stone: advantages of, 84; limimtions of;
61; technique of, 3, 33 f£.; ttse of, by Aleuns, 82,
by American Indians, 83-84, g3, by Austra-
lianz, 8g, go..

— quartzite: experimental work with, by authar,
3» 34» 39 fig. 6, 40 fige. 7, 8, 41 fig. 10, 47, 55
fig. 18; for axe-making, 33 f.; for cross-Haking,

54

bammer-and-punch techniques u&vmu;e: ) of,
75» 855 bulbs produced by, 72, 73; indications
of, 61; used for finishing, 74; for ripple
Haking, 32; by American Indians, 84, 88.

hand-axe: development of, 104; distribution of,
18; manufacture af, with haton, 75, with herd
hammer, 33 ff.; Neolithic type, 37 n. Scealio
under ‘adze’.

— Palacolithic type: description, 25; from
Biddenham gravels, 753 from Egypt, illus. 35
fig. 4; manufacture of, 42; typss of, 18, Hlus.
26 fig. 1, 18 fig. §; striking-platforms of, 443
tibular flint nsed for, 37 oo skill required for
muking, 1o6; srvival of, into modern Stane
Age, 25. - -

Harper, L. F.: on varietiea of stone in New South
Wales; 100.

Hawkes, Professor C. F C.: atknowledgement to,
20
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Heerden, Dr. van: hand-axe presented by, 35.
Hemandez: sccount of stone-implement making
quoted, 82, Bz,
hoc-hlades, stone: 27, 30, 64, B4.
Holmes, W. H.: on antler-hammers, 84; um
arrow-head making, 92; on chers concretions,
i on use of geat’s hom flaker, 89; on use of
erétone, B3: on lammer-and-punch
technique, B5; on Haked hoe-blodes, 30; Liskic
Iwdurerier of North America, 95; on pebble-
industry, $7; on use of pressure-flaker, 83, 88;
o quarry rights, 97; on seloction of materials,
b, g7; on Womien as stone-workers, gi.
Hopewell Mounds; ceremonial blades from, 81
horn: use of, as baton, 63, 72, 75; goat’s, vsed a3
pressare-flaker, 88,
Howitt, W. A:: on quarry righis, 97.
Hupa Indians: stone-working of, 83.
Huron, Lake: fine implements from, ¢8.

Iey Cape: Eskimo of, 83.

Idriess, 1. L.: on manufacture of spear-heads, g4.

lilinois: factory site in, 84; #one hoe-blades from,
39, 64; notched implement from, 5o; quarries
i, 99.

impulsive-pressure: technique described, 85;
Hukes produced by, 71; faking-staf¥ for, illus.
86 fig. 23,

impulsive-pressure-plus-percussion: technigue de-
scribed, 85-87; flakingetafl for, illus. 86
fig. 24.

Incas: use of metal by, 21.-

inclusions: cffect of, 78, 79.

India: futcd cores from, 32, 85; hand-axes found
in, t8.

individual, part played by, in primitive society,
ey

Ireland: factory site in, 45; core from, 4647,

 illus. 34 fig. 5. [

iron: wed in andent Egypt; meteoric, used by
Eskimo, 22; tools of, used experimentally, 71,
72 .

Iron Age, Farly: chronology of, 31,

Iroquois Indlans: arrow-points of, 6; ficld-work
amony, done by suther, g,

Irrewaddy River: adzes from, 30,

Ishi, Yahi Indian stone-worker, 85.

ivory: use of, for tool and weapons, 95.

: cores of, from Indis, B5; experimental use
of, by author, 97; use of, by American Indians,
90, by Australians, 100,

Jochelson, W.: on stone-working of the Aleuts,
B2-83.

Joyee, T. Ai:on Ameriean Indian spear-heads, 5g.

kangaroo-bone; used as pressure-flaker, go.

Kangaroo liland, Australia: specimens from, 35.

Keith, Sir Arthur: association of suthor with, g.

Eendall, Rev. H. G. D.: core presented by, illus.
49 Bg. 15,

Kentucky: notched implement from, 59.

Kenya: collection of obsidin implements from,
§6; hand-axe from, 441 tool-types of, 22.

Kidder, H. H.: see Barnes, A. 5, and Kidder,
H. H.

Kimberley, northern (West Australia), tribey of:
use of flaking-platform by, 57; pressure-faking
by ﬂg;:pﬂz-i:ad: of; 59, 82, 93; varietiesof
stune s O3

Kingsmill Isfands: shark’s teeth weapons of, g6,

kitchen-middens, Danish: axe from, 44—45.

Kittredge, T. B.: hand-axe presented by, 28—2q.

Klamath Indians: pressure-flaker of, 88.

knives: of bamboo, 96; of obsidian, technique of
making, s8—q.

— Danish gint: characteristic, 23; manuficture of,
56 as masterpicces, 81,

— Egyptian Predynastic: 53; manufacture of, 32,
56, 6o; a5 masterpieces, 81, 1o3.

— of stone: flakes used a3, ¢ §; manufacture of, 20,
56, 62, 104; use of, by American. Indians, 59,
105, by Australians, gg.

Enowles, Dr. F. G. W.: acknowledgement to, 20.

Enowles, Lady, 1o.

Enowles, Sir Francis H. $., Br.: drawings by,
Eg-. Is-g,. Gy 7-18; ﬂpcn'mm1 of; 55

g- 18, 57, 71, 89, g5, o7; di of
pared-platform m'm;:t“q? by, 5 0 54 n.m
manofacture of arrow- 61; on notching,
32; on ‘wrning the edge’, 38, 39, 41 fig. g3
specimens collected by, 35, 36, 44, 47) 75
specimens made expernimentlly by, 47 fg. 12;
obituary notice of, g-10; publications of, 10—
1 work of, 3.

Knowles, W. ].: on collections from Cushendall,
45-

Eur:_mng-Wilﬁnm group, Australia: quarry rights
of, g8,

Lacaille, A. D.: on flaking of coarse stone, 66;
core collected by, 34 fig. 5, 46.

Lavssel, core from, illus. 51 fig. 17.

Leakey, Dr. L. 8. B.: collection of obsidian im-
plements med by, 22-23, §6; hand-axe
presented by, 44.

Leyalloiso-Maustierian period: chronology of, 21;
implements of, 56.
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Levallois-type: cotes of, see under ‘cores’, “tor-
toise"-type.

Lewis and Clarke, tions of, 87,

lip, of striking-platform: analysis of types in Bid-
denham gravels, 77 oecurrence of, 69, 72, 73.

Long, Major 8. H.: on American Indian stone-
working, 92-93, 95 0.

Love, . l% -glf ngznuﬁldur: of spear- . s by
Australinns, 9o, 91 on selection of materizl, 7.

Lowe, C. van Riet: on Neolithic-type implements
in South Africa, 102,

Lyan, C.: on manufacture of arrow-heads, gz2.

McCarthy, F. D.: on implements of New South
Wales, 1c0. .

N 1od 4 duunn]ogy 21,

e

Mandey Indiuns: bone tools used by, 87.

Maori, New Zealind: mere characteristic of, 23,

Masan, O. T'.: on presure-flaking by American

Bi:fh working, §

mnmpmu stone- ng, &1, 1G5,

materials: search for, 98, 104; sclection of, 975
mdem.gﬂ

Merigomish Harbour, Nova Scotia: prehistoric
site at, g6.

Mesolithic  perfod: chamcterimic tools of, 19;
chronology of, 21; core-types of, 505 hand-axe
of, 44-

metali: effect of discovery of, 20. See abo under
*copper’; *bronze’, ‘iron’.

Mezico: finted mﬂﬁ-mn.j:l;mdmrqun
mn&m”d“ 61, 87; fiakes from, 72, 73:
o waed in, ,tnquuu,&

Micmac Indians: :r?u?w- s of, qﬁs

Middle Easz: ﬂuuﬂm&nm, 32.

mining, for stone: 31, 104, 106.

Missouri: chert hoe-blades from, 30, B4.

M&E-mmmhmdhy&mnlhm.

100; on W
on bum: tools of the Mandan,

‘:?- an quality of American Indian stane-tools,

I,
Morice, Father A. G.: on use of hammer-stones

by American Indians, B4; on pressure-flakers,
T,

s ing, 88.

mound-builders: stone-working of, 81.
Mount William, Australia: stone quarry, ¢7-98.
Mﬂuﬂmﬂnmuﬁ chronology of, 21 vanieties of

im'nqv

nd core from, illus, 51 fig. 17;
iul <.

Murd m:mhﬁmmﬂﬁmﬁﬂ;.

museums: see under Canads, National Museum
of, Pitt Fivers.

Nuhun River; South Africas hand-axe from; 43

Natufian period; implement of, 45.

Nelsan, E. W.: on wtse of pressare-flakers, 83.

Neulithic period adze, ilis. 28 fig. 25 chimcter-
istics of, 20; chronology of; 21 core-types, §0;
Haked-points;, $6; hand-axes, 455 techniques
carried on to later times, 21.

nephrite: use of, 13.

New Guines: bamboo Inives from, gb; stone
tools from, 29, 45.

New South Wales: ancient implements found in,
100,

New York State: Bint in, 99.

nodujes: flakes from, 76 flaked-points made from,
56; flaking of, 37, 39, 57; flint disks made from,
99; manufacture of axe from, 40 8g. &, 445 use
of, 37 47+ 103, 106.

Noone, H. V. V.: see under Campbell, T. D,
and Meone, H. V. Y.

Northfleet: core from, illus. 45 fig. 13-

notching, use of, 32, BE.

Nova Scotia: shell-heaps in, g6.

obsidian: arrow-heads, 83, 93; cores, T4, 615
flakes, 72, 731 knives, 58, 60; reasons for use of,
§7; spear-heads, 58; m:hmqur:ufwurlmg 64;
e of, by Admiralty Iilanders, §8, by Indisns
of North America, 1, g1; in Mexico, B5, 59;
in Kenya, 22-23, 56.

Ohio: flint disks from, §9. Sec also under Flint
Ridge.

Dreguﬁf hand-axe from, 27, 291 stone-working in,
85, 87-88.

Pacific Coast of America: implements from, 64 n.,

99.

Pacific falands: see under Admiralty lslands, Aua
Lland, Caroline Islands, Kingsmill liands,
New Guines, Pelew Islinds, Samoa, Wood-

tark Tsland. &
Pularolithic axe-making in, 333
crafismanship

chronology and &wmm of, 253
i, 106; ml-q-pu, 22, l]mrmrﬂvl!mmudun
Stone Age, 25
— Lowes: :.u.llym of bulb-types, 75-78; cores,
4f=47; hand-axe, development of, 104; tool-
B

types, 18,

— Middlo: analysis of bulb-types, 7680 cores,
48; technique characteristic of, 1044 toal-types,
18-19.

— Upper: snalysis of balb-types, 7g-8Bo; cores,
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technique of manufacture, 5o; specialization of
i, 19y survival of techniques to
modern Stone Age, 19,

Palestine: vee of burin in, 22; geometric tool-
forms from, 18; hand-axes from, 18. See aln
under Carmel, Mount; Taban, Er; Mughiret
el Wad.

Patagonia: atone tools found in, 25, 2g.

Paterson, T. T.: on Clacton-types cores, 33.

Peale, T. R.: on manufucture of arrow-heads by
American Indians, §8, g2; on pressure-fiaking,
87,

pebbles: technique of flaking, 34~36; tools made
from, in prehistoric times, 13, 1B, 35; by
American Indians, _56-57. 98; by Australians,
25, 27; by Tasmanians, 35.

Pech-de-I'Aze: analysis of flakes from, 7g.

Pelew lslands: shell adzes from, 96,

Penniman, T'. K.: acknowledgement to, 14; tabile
of time-periods prepared by, zo.

percession: pits of, 6o, See alw under cone,
echnigues:

Perigardian periods: analysis of bulbs in, 70-

periods, cultural, of Early Man, 21,

phases, technological, of stone-working: descrip-
tion of, 17~20; chronological table, 21,

Piectermaritzburg: hand-axe from, 35, 37 n.

Piney-Branch site, Washington, D.C:: pebble
industry at, 57-

Pirri. points: discussion of, 58; place in develop-
mental series, 6.

Pitt Rivers Museum: association of author with,
3 9; Curators of, see under Balfour, H.,
Penniman, T. K.; Occasional Papers on Tech-
nology, 1, 9.

— collections in: used in present work, 3, 17;
Bamnes, 15, see also under Barnes, Professor
A.S.; Dunn, 27, 36; Garrad, 18, 19; Knowles,
15; Leakey, c6; Westluke, 27, 55.

— exhibitions m: axe, manuficture of, 43;
Brandon fint-kn work of, 54; core
techniques (Knowles), 46; natural and human
fiaking (Barnes), 18 n.; techniques {Barnes),
54; 63, 66, 71; (Knowles), 3, 14.

— specimens in, adzes, 29, 43, 102; axes, 18, 27,
29, 16, 44; burins and scrapers, 23; choppers,
25, 37, 33-36; cores, 10, 32; 4647, 50, 8s,
87, 103; Eskimo arrow-Rakers, 81; geometric
tool, 19; glus Hakes, 71; hoe-blades, 30;
Tasmanian implements, 27, 33,

— specimens in, referred to by catalogue numbers:
1940.7.59 (fizke struck with baton), 72,
1540.7.352 (fakes struck by bammer-and-

punch), 72.

1642.7.358 (Hakes of ghss), 71.

rgq.n.mf;. Do Vs, DanVs, DoV
(Buslimin chopper), 16.

¥940.12.752h (hand-axe from Egypt), 35 fig.
4

1941114 (cast of Clacton-type core), 37 n.
1943.10.11 (model showing formation of
flake), 66, 67. 68 fig. 21.
1943.1c.12 (model showing formation af
flake), 66, 68 fig. 22,
1943.10.15 (flake struck off by baton), 72.
1943-19.16 (fuke with diffuse bulk), 67 fig. 20,
72
1944-12.123 (obeidian spesr-head), 58.
1047.2.459 (hand-axe fram Kenya), 44-
1947.8.16 (hand-axe from England), 37, 44.
Placard, Grotte du: core from, illus. 51 fig. 17,
platform: faceted, described, 43: prepared, not
necessary with baton technique, 743 we of,
35, 42: 43, 73 varicties of, 76-77. See ako
under slternate-platform, flaki
striking-platform, turning the edge.
point, flaked: development of, 53; methods of
manufucture, £6. See abo undér Audi, Chatel-
perrony Pirri:
polishing techmique: beginning of, 193 used in
New Guines, 29.
Polynesia: adzes from, 29, See alio under Samoa.
Porteus, 8. D.: on Austmlian stone-workers, g3,
Pourtales, M. F. de: on prossure-flaking, B8,
Powell, J. W.: on pressure-flaking, 88.
Powers, 8.: an. specialization, ga2.
Pressigny: cores from, 74.
pressure-flakers: of antler, 83, 87; of bone, 83 87,
80, 9o; hafting of, 81, 86 figs. 23, 24; of horn,
88, 89; of stone, 88; of teeth, 83, 88; of woed,
89,99,
pressure-fiaking: advantages of, 8g; development
of, 32; Invention of, 31; technique of, 52,63,
71; we of, by American Indians, 93: by
Australians, c7; rechniques resenibling, 8B-3g.
— impulsive: advantages of, 75; technique of,
52, 8487, illus. B6 figs. 21, 24; use of, for
hnishing, 74. _
problems of fint-working and their salutions;
31-32.
Pull, . H.; on antler punches, 85.
punch: antler, 85; boxwoed, 72; sperm-whale
tooth, B4; stone, 85; technique of uning, see
under hammer-and-punch.

q:mriu‘:nrﬁfnm‘mn Indians, 91, 9g; Australlans,
97 rights in, 97—40.
quartering: of care, 5o, 84.
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qoartz: use of; by Australians; 100

quartzite: use of, by American Indines, g8; by
Australians, 9g, 100y by Bushmes, 36. Secako
under 'hammeér-stone',

'R:; collection of American Indian implements:

1.
Redding, B. B.; en hammer-and-punch technigue,

83.

ﬁppLﬂlkiug, see under “fiaking”.

Roebuck Iroquois: prehistoric village site, speci-
mens from, 9.

Roth, W. E.: on Australian stone-working, Bz,

Saline River: Americin Indian factory site oo, 87,

Samoa: adzetype of, 10,

Schoolcraft, H. B.: on specialization in stone-
working, 9z.

Schumncher, F.: on American Indian pressure-
fiuking, 8.

serapers: technique of making, $25 survival off 22;
use of, In prehistoric Europe, 213 by Tasman-
ans, 21, 23

“sea-lion": tooth of, as pressure-Baker, 88,

seamd, flint from: chamacteristics of, 37; difficaliy
of working, 36, 37 n.; mining for, 31. 106;
technique of using, §7; use of, 37 0, 56, 57,

¥ )

S‘-:I.:gu:li;. C. G.: handaxe collected by, illus.
33 g4

— and Strong, W, M.: on axe-making on Wood-
lark Jsland, 45.

Sellers G. E.: acknowledgement to, 86; on Ameri-
an Inditn woneworking, 75, B5; on Retory
sites, B7; on specialization, §2; on women s
stone-workers, 1.

shallow-flaking: use of; 32.

tharks” teeth: weapons edged with, o6,

Shasta Indians: making of arrow=heads by, 83.

shell: 1use of, for i ent making, 95.

shell-heaps: of North Americs, arefacts found

i, 6.
Shetrone, H. C.: on Aint swords, 81,
Shoshoni Indians: technique of, 87, 88,
skill: of stone-worker, 13, 89, g1-94, 95, 106
Smith, H. 1.: on American Indian cutting im-

plesents, g6.

—and Wintemberg, W, J.: on shell-heaps in
Nova Scotia,

Smith, Captam John: on American Indian arrow-
head making, 87

Smithsonian Institution: acknowledgement to, 86.

Snare, Fred: arrow-haads imade by, 54.

Sollas, Professar W.: association of author with, g.

Solutrean period: chronology of, 214
32 51 fig. 17§ craftsmanship, 106 ; flaked-point,
615 unifuee implement, 56.

Somme Valley: hand-axe from, 44.

Bpalding, Williim: arrow-heads made by, 54.

epecialiration: in stone-working, g1, 9.

spear-head, stone: development, 1055 flake wsed
a3, 53; manufacture of, 20, 61, by American
Indians, 59, by Australizns, 88, B9, 9o, 94;
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