
I 

kl 

I 

tl 

CD 

.... 

... 

C0 

....- 1!!!1!#!'-A. ...--:C Sis - ·-·- - = ='.!; jgj ,. __ 

D 

••••• r . . 
' .. 

.. 

(' 
(b 
• 



~ -'"'~-~'; .,.,,_ 
~;,,, . ' 

D 
. . -· .-, 

"Tl 

<?i" 

f•-- :. :~-.'. . .,' '. ·.·· . . • ~--•/-',.: . 
0. 

"Tl 

w 
tli" 

u, -

"' 

C0 

0. 



w ...., 

"Tl 
10· 

ex, 

" 

D. 

... la.. ..... 

0 

0 



0 

... 

" 

... a 

7 

I .., 
!z ~-

~ ti 
.... 

· .,. 0 .. :-.,· 



I 

~ 
I 

I 

:: 
I 

... 

10 

:::r 

_,.._ 
.... -· 

a 

C. 

... 



a 

ft 

~ 

C d 

I Gm> .. ~ ~ ~ ' 
, __ __ , 

---t:; 
--

~t [:, 

~t~ .~ t::.-·~ - f ~-' 1 \ 
I • ~ "• · •' i,,-::-::-'.(. ••.. • r:·.-., I \ \ ,.· 

~ ' 

\ 

{~•,., ~ 41 ~ r· ~ .. 
{ 

... ~ ~ ... , , 

~ ,_,.,. !it<'"" 
~I " ~ '1, ., 

~ 

j 
-....... ~'~ i ~ ~- I ~ t· t.,. 

\ i \;: ' I ... I: ' ' : .. 

J m h . 
9 

' 
I 

___ , 
' 



- 44-

NOTES ON EXPERIMENTS IN FLINTKNAPPING: 3 
THE FLINTKNAPPER'S RAW MATERIALS* 

By Don E. Crabtree 

A basic step in determining and interpret
ing working techniques of artifact manufacture 
is on understanding of the proper stone for 
toolmaking and reconciling the relationship of 
techniques to material. This is essential be
cause the type of material used hos o direct 
bearing on methods of manufacture; poor 
material restricting and fine material allow
ing the toolmaker to control the thickness, 
width, length and uniformity of the flakes . 
When one is able to control the four dimen
sions-thickness, width, length and curve-'
when removing o floke, he con then produce 
almost any tool he may need. Further, o 
working knowledge of the stone is essential 
to the knopper, os any variation in its quality 
requires o different method of flaking. 

This text will attempt to describe and ex
plain which materials ore used in the tool
making industry, to resolve what type of stone 
is odoptoble for flaking and to clarify some of 
the working prob I ems related to material 
which confront o flintknopper . My analysis 
of lithic materials is based on thirty years of 
experiments in stoneworking and may differ 
from the minerologists's definition because 
()\jr. purpose is not the some. 

What ore lithic materials? Ideal lithic ma
terials ore kinds of stone with the necessary 
properties of texture, elasticity, and flexibility. 
They must be of on even texture and relatively 
free of flows, crocks, inclusions, cleavage 
planes and groins in order to withstand the 
proper amount of shock and force necessary 
to detach a flake of a predetermined dimen
sion. When the required amount of force is 
applied to o properly prepared platform, o 
conP. is formed and, therefore, portions of the 
stone con be removed producing flakes with 
o very sharp cutting edge. There is o relation
ship to isotropism and conchoidol fracture, 
but the final results depend on the surface 
ond the conformation of the material. The 
termination ond shape of the flakes ore con
'trolled by the desires and ability of the person 
applying the force ond, therefore, do not al
ways res em b I e the shell-like or conchoidol 
fracture. 

Synonomous names ore sometimes used to 
describe the some mater ial. For instance, slate 
is sometimes des c rib e d os metamorphosed 
cloy, metamorphosed sandstone coiled quart 
zite, silicified sandstone called quartzite, horn
stone celled flint, flint called chert, chert 
called flint, green jasper called bloodstone, 
etc. When speaking with other flintknoppers, 
i.e ., Dr. Francois Bordes, Dr. Jacques Tixier 
and Mr. Gene Titmus and we wont to encom
pass the entire field of adoptable working 
minerals, we generally use the words "lithic 
materials", "flint-like materials", or simply 
"silex". The word silex hos the odvontoge of 
unifying a single group of isotropic materials 
but the disadvantage of not indicating, by 
name, the differences of character, texture, 
color, etc . Therefore, we sometimes qualify 
these terms by describing sources such as 
"French flint" , "Flintridge, Ohio flint", "Dan
ish flint", "Oregon obsidian", "Idaho lgnim
brite", etc . This g ives immediate identification 
of material and conjurs up a quick mental pic
ture of the minerals and the problems or bonus 
qualities contained therein. 

The stoneworkers first concern in choos
ing working material is quality of texture and 
this is ·governed by the fineness or coarse
ness of the microcrystolline structure of the 
material. Generally, the coarser the stone 
texture, the tougher ond more difficult it is 
to remove regular and uniform flakes . But, 
conversely, the platform prepared on coarse 
material will collapse more readily than that 
fabricated on finer textured material. Certain 
materials will allow the platform to collapse, 
leaving a dull edge. Others haven't sufficient 
strength or flexibility to permit detaching a 
long thin flake and will break off short caus
ing multiple hinge and step fractures . Per
sonally, I cannot do the well-controlled pres
sure flaking on coarse-groined materials that 
I con achieve on finer, more closely-groined 
stone. The few collections I hove hod on op
portunity to study hove revealed this some 
relationship of well controlled flaking to fine
textured materials . Therefore, I reiterate that 

• Research and writing of this paper hos been supported 
by a Notional Science Foundation grant, No. GS-928. 
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we must consider moteriol in our onalysis of 
too ls, our exp lanation of type, and the study 
of technology. 

Each source of stone has certain ottributes 
of wh ich the worker is oware . For example : 
when Dr. Francois Bordes and the writer were 
doing some experimental work at the Univer
sity of California at Berkeley, materials far 
our proj ect were from many and diverse loca
t ions, i.e ., Southern France, Northern France, 
Indiana, California (2 locations) , Oregan and 
Idaho, representing seven widely separated 
sources . After a week of working, the mater
ials were almost entirely util ized and the re
sulting array of flakes were commingled in one 
big heap. Yet, if any single flake had been 
given us, and this happened, we could identify 
its origin without error. This serves ta em
phasize the fact that after the toolmaker has 
worked with a given material he will be able 
to identify its peculiar propert ies. 

A toolmoker's criteria far identifying good 
lithic materials ore : texture, luster, surface 
chorocter, cortex (rind), color, tronsparency, 
sound, flexib ility, sharpness of removed flakes 
and perhaps most important, the amount of 
resistance ta the necessary force required for 
detaching a flake . The degree of luster is used 
as a guide by the tool maker to determine if 
the stone will permit him to regulate the 
amount of force necessary to remove a flake 
of a g iven dimension, and is one of the most 
useful attributes far determ in ing workability. 
Variations of luster include g I ass y, waxy, 
greasy, satiny to dull, matt, flat, sugary, fine 
crystalline, medium crystalline, coarse crystal
line and sandy. 

Most types of suitable lithic materials 
have identifiable qualities recognized by the 
stonewo rker. When choosing material , he will 
determine the homogeneity of the mass, ap
praise the texture and luster, and choose the 
raw material of appropr iate size to produce 
the size and type of finished tool he desires. A 
myriad of bright colors is desirable, but color, 
in most instances, does not indicate work
ability of stone. When making an appraisal of 
the workability of flint-like materials, one 
may first tap the stone (lightly to prevent 
bruising) and listen to the sound of the tap
ping. If the stone gives off a dull sound, one 
can expect undetectable cracks, fissures and 
planes of weakness . If the stone has a sharp 
ring,however, the chances are good that the 
material will be of working quality. One may 

then remove a test flake, or cleave the stone 
to examine it further. If this shows the ma
ter ial to be free of crystal pockets, foreign 
deposits and shows the right luster, then the 
worker assumes the stone will lend itself wtll 
to the manufacture of an artifact . The final 
outcome, of course, will depend on the sic.ill 
of the worker . 

If the material is secured from pebble 
and co b b I e alluvial deposits, it may hove 
lost a great deal of its identity due to pound• 
ing and rolling in the water. However, this 
roll ing and pounding gives a clue to the work• 
ability of the stone. The projections and ir • 
regular edges receive the greatest portion 
of the i m p a c t s and each t ime the stone 
bumps against another cobble, a distinct ive 
bruise is produced. Each of these bruises is 
actually a cone. The multitude of cones art 
super-imposed at random and intersect one 
another, reminiscent of the surface of the 
moon or to what we call "goose bumps" . This 
type of surface enables one to identify which 
cobble has the desirable working properties. 
Cobbles lacking this type of surface con bl 
assumed to be granular and unfit for the 
manufacture of stone artifacts. 

Often reference is made to a large thick 
biface , irregularly surface-flaked on unsuit• 
able material as " crude heavy bi face" , "crude 
percussion work", or "crude pressure work" 
whereas, in reality, the worker was a skilltd 
craftsman to have produced any type of tool 
ccnsidering the poor quality of the stone. A 
stoneworker will always relate the quality of 
the workmanship to the material. Poor ma
terial showing skilled and controlled surface 
techniques definitely indicates good workman
ship. Good quality material skillfully worktd 
also denotes gcod workmanship. But we con• 
not reverse this procedure and assume that 
any artifact showing controlled work denott1 
good material. We must keep in mind the hu· 
man factor of finding good work on both 
good· and poor stone and poor work on both 
good and poor material. Also a factor in anal
ysis is that some do not recognize thermally 
treated stone and may be viewing altertd 
stone and calling it good material whereas 11 
could actually be inferior stone improved by 
heat treatment. But when we see poor WO(\ 
on qua I ity stone, I th ink, it is safe to assume 
that we are viewing unskilled work unless .. 
find that the worker was merely preforming 
good material which was later to receive the 

- 46-

ref ined techniques. We can relate techniques 
to material but we cannot relate mater ial to 
techniques, and must be careful to judge 
character of material before we appraise the 
quolity of the work.· 

II 
VARIETIES OF LITHIC MATERIALS 

(Tl CRYSTALLINE VARIETIES OF SILICA 
Rock Crystal 
Quartzites 
Sandstones, Conglomerates, Breccias 
Bull Quartz 
Novaculite 

(2) CRYPTOCRYSTALLINE VARIETIES 
OF SILICA 

(Si 02l 
a) Chalcedony 

Chalcedonic Rocks 
Agate 
Onyx 
Sard 
Sardonyx 
Chrysoprose 
Jasper 
Bloodstone 
Organic Replacements 

Casts 
Wood 
Bog 

bl Flint 
Algae, etc. 

Chert 
Hornstone 
Lydians tone 
Touchstone 

(l) NON-CRYSTALLINE VARIETIES 
OF SILICA 

(Silica Gels) (Si 02) plus H2 0 
Opal 
Opalite 
Silica Gels 
Opalized Wood 
Bog 
Organic Replacements 

14) IGNEOUS ROCKS 
Obsidian 
Pitchstone 
lgn imbrite 
Basalt 
Rhyolite 
Andesite 
Felsite 
Tektite 

(Sl SILICIFIED SEDIMENTS 
Welded Permeable Rocks 
Sil icified Sediments Sholes and Clays 
Siliceous Limestones 

(6) METAMORPHOSED ROCK 
Slates 
Fine-grained Porphyr it ic Rocks 
Metaquartz ite 

(7) EXOTICS 

(8) EXPERIMENTAL MATERIALS 
Glass 
Porcelain 
Ice 
Resin 
Starch 
Anthracite Coal 
Cold Tar 
Gilsonite 

Most solid non-fiberous materials such a ~ 
bone, concrete, building stone, etc. have o 
semi-conical fracture . 

INDIVIDUAL MINERALS 
Following is a stoneworker's general class 

ificatio.n and description of various lithic min
erals, according to the above outline, useful , in 
different degrees, to the manufacture of stone 
tools. 

The first four groups of the above men
tioned outline ore, by far, the most common 
used by both past and present stoneworkers . 
Igneous rocks are not a part of the quartz 
family, but, when available, played an im
portant part as a source of material. Siliceous 
sediments and metamorphosed rock played a 
modest part as a source of material. 

1. CRYSTALLINE SILICA 
(a) Quartz Crystal: The use af this variety 

for making too ls was rart, . Sources contain ing 
crystals large enough to make tools of ade
quate size are uncommon . When quartz crys
tal is used in the manufacture of flaked tools, 
ii must be treated differently from the crypto
crystolline variet ies . Quartz crystal is formed 
in the hexagonal system around a seed crystal 
and, at times, the growth pattern of the crystal 
may be observed in what is called phantom 
quartz . The quality depends on the degree of 
homogenity, so the more tightly joined the 
grcwth planes, the better the material. Some 
varieties of crystal have a well -defined a x is 
while others, like Brazilian pebble, show little 
or no growth patterns, hav ing the cha racter 
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of gloss . Most quortz crystals, however, do 
have flat plones of growth parallel to the sides 
of the crystal. In order to produce a goad tool 
of quartz crystal , it must be oriented with an 
axis of the crystal , that is, the proposed arti• 
fact must be parallel to the flat side of one 
of the six sides of the crystal. When this is 
done, the applied force will move the flakes 
across the growth patterns thereby permit• 
ting more un iform flakes to be detached with 
the minimum of steps. If this procedure is 
followed, the result will be a thin, uniform 
artifact . When the artifact is made from a 
cross-section of the crystal , the resultant tool 
will have multiple step fractures because the 
growth patterns will not allow a long flake to 
be removed due to the intersection of so many 
cleavage planes of the growth pattern. The 
result ing artifact will be thick and ill-formed 
and no amount of skill can overcome the dif
ficulties. 

(b) Quartzite, and Silicified Sandstone: 
From a stoneworker's point of view, there are 
at least two types of quartzites-the meta• 
morphosed sandstone and the silicified sand
stone . They are not readily detected and de
fined by eye, but when they are worked the 
difference is evident. They can both be per
cussion flaked, but there is a marked differ• 
ence in their workability. The type of quart• 
zite that has been cemented by chalcedony 
joining the granules of quartz together (sil
icified sandstone) allows more control of flak
ing than the metamorphosed variety. There is 
also a difference if the material is formed 
of angular sand instead of rounded sand 
grains . The brecciated silica cemented variety 
is the most desirable because it will allow 
long, thin, well-controlled flakes to be de
tached while the material composed of the 
rounded grans will not have as much elastic
ity. The brecciated and the rounded varieties 
respond readily to heat treatment if the mat• 
rix, or cementing medium, is chalcedony or 
a similar type of cryptocrystalline silica. The 
metamorphosed type of quartzite appears ta 
have been formed by heat and pressure until 
it is vulcanized into a dense, compact mass 
with the bonding agent unidentifiable. This 
variety hos little or no response to the thermal 
treatment. A laboratory analysis of the dif
ferent types of quartzites would, perhaps, re
veal much that would be useful in promoting 
o better understanding of this material so 
Jseful to the flaked tool industry. Metamor
p~osed sandstone has the quality of breaking 

to a very coarse granular edge which was of 
much value to the aboriginal. It is most useful 
for forming bone, wood and antler, but umot• 
is factory for refined toolmaking. FI akin g 
techniques are limited ta percussion. 

(c) Sandstone and Conglomerates: Meto• 
morphosed sandstone has been discussed un
der the quartzites. Some types of sandstone, 
can be useful for making thick, heovy 10011 
when the percussion method is used, but most 
of the mater ial is not suited for pressure ·. 
flaking . The size and type of sand groins and 
the type of cementing material will have o 
di rec t relationship to the quality of tool 
produced . Since sandstone has so many' vorio
tions, it is difficult ta discuss them all. When 
one is making an appraisal of standstone, the 
first consideration is texture, which is deter
mined by the size ond kinds of sand particles 
and the joining of the grains whether .by silica 
or calcium carbonate or other agency. A fur• 
ther appraisal would be the sonorous tone pro
duced by striking the stone with a hammer 
The final test, of course, is to apply the ham
merstone. The most workable sondstane I 
have found is the quartzite or silicified sand• 
stone from Hell Gap, Wyoming. 

(d) Conglomerates and Breccias: Th t,, 
workability will depend on what materials tht 
breccias and gravels are composed of and the 
quality of their bonding agent . Both must be 
predominately quartz . If both breccias, grovel1 
and bonding agent have the same degree of 
homogeneity and texture, then we hove o ma
terial that is ideally suited for toolmaking. 

(e) Bull Quartz: This type of silica is tht 
pegmatite, or vein, variety usually found ,n 
colors of snow white, opaque and sometim~ ,, 
colored by impurities. This type of quartz ,1 
one of the least desirable for making flokt<l 
tools, for the fracture is unreliable and the 
resulting tools ore usually thick and ill-formt<J 
Much skil I is necessary to make even a very 
crude artifact from this material. The edgft 
ore usually dull and the surface covered ••th 
step-fractures. 

(f) Novoculite: I have not had sufficient 
samples of navaculite ta describe this material 
or fully appraise its properties. However, lrOffl 
my limited experience with this stone, I l,nd 
it indistinguishable from many other moteriah 
used by the aboriginals . The samples I ha..,. 
are from Arkansas, but they may not be rt · 
presentative of the site. They are fairly COOtlt· 
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textured, being composed of microgranular 
quartz, and would fall in the category of good 
quality silicified sandstone. W. H. Holmes 
( 1919: 196-200) describes novaculite as being 
the same as cherts and chalcedonies with some 
having color. 

ing. The banded varieties of chalcedony , 
not as desirable because of the changes 
texture between the bands and layers. Cl , 
cedony is the primary material or constitu, 
in the formation of all the cryptocrystall 
quartz family rocks. When this form of sil . 
infiltrates, fills voids, blends, infuses, is , 
sorbed and combined with other minerals 0 

their salts, there results the wide range 
siliceous materials useful for making fla~ 
tools. 

2. CRYPTOCRYSTALLINE VARIETIES 
OF SILICA 
(a) Chalcedony: -Chalcedony is probably 

the purest form of the cryptocrystalline silica . 
In its pure form, it is transparent or semi
translucent resembling paraffin wax. Traces 
of foreign material and mineral salts may 
cause it to have tints of white-greyish, pale 
brcwn, dark br6wn, or black. The tendon color 
is the mast common variety, h::iwever, it may 
also be yellow, amber, orange, red and some
times it is even a delicate blue or purple. It is 
also found in other shades and these are 
given other names. Agate is a variegated chal
cedony with the colors arranged in delicate 
concentric bands, frequently alternating with 
layers of opal. These bonds often follow the 
irregular outline of the cavity in which the 
silica was deposited. Th is applies to banded, 
fortification, ribbon and other patterns found 
in agate. Some of the varieties of agate ore 
eye, tube, tortcise shell, mocha stone, scenic, 
moss, plume, iris, shadow, etc . "Rockhounds" 
have many sub-titles and many "ites" to iden
tify the various forms of agate and chalcedony 
and are surprisingly well-informed about the 
sources of these minerals both foreign and 
domestic. If the stripes and layers of chal
cedony are horizontal, it is then coiled onyx. 
Chrysoprose is o green chalcedony. Carnelian 
is the orange-red, or rust, variety. Sord is the 
brownish red; sordonyx is the same as sard, 
but has the alternating white bonds. 

(b) Jasper: Josper is the result of o co 
binotion of chalcedony and argillaceous se. 
ments or residual clays with a simultanec 
absorption or infiltration of the two. Freque, 
ly the clays will shrink and leave cracks wh i 
will fill with chalcedony, giving the mater , 
the appearance of being fractured. But, c 
tually, the cracks are well -healed with fl 
chalcedony and o homogeneous m a s s 
created. This type of jasper is o good litf . 
material and the chalcedony-filled cracks or, 
add to the beauty of the artifact and do n 
impede the workability of the stone. Josp 
which is green in color with red inclusions 
spots is normally thought of, and referred t 
as bloodstone. Green jasper is opaque wh , 
chrysoprose is semi-translucent . Act u a 11 
green jasper is only an impure form of chrys 
prose. Jasper may occur in various colors . T l 
ircn salts in their different valences produ, 
green, red and yellow material and, occasio, 
ally, all are represented in the some samp l, 
It would seem that the opaque or impure cho 
ecdony should be classed as o jasper regar , 
less of color. The workability of jasper is If 
some as chalcedony, since this is based ,, 
the amount of impurities and their textur , 
Most varieties of jasper can be successful , 
altered by the thermal treatment. I have fou r, 
only two exceptions : one is a coarse-groine 
greenish type of silicified cloy from Tuni s, 
which was given to me by Dr. Jacques Tix ie 
To the eye, this varved material appeared 1 

be no different from other similar types, ye 
when subjected to heat , there was no oppo 
ent change in the texture or the workabil i1 
of the stone. However, we find that the ear , 
people of Tunisia altered and worked this m, 
teriol very successfully. 

Chalcedony is found in many and varied 
textures which relate to the fineness or coarse
ness of crystallization. The type with the fin
est micro-crystal structure hos o waxy luster 
and, after heating, the luster is almost glassy. 
Possibly this variety contains more moisture 
for, when it is heal-treated, it requires more 
time and care during the heating and cooling 
off period. It hos o tendency to craze and 
crock easier than the coarser textured vari
eties. Of all the materials I have worked, this 
type of chalcedony hos all the attributes de
sirable for stone flaking, particularly precision 
pressure flaking. After heat-treatment, this 
variety is often confused with opal by those 
who have never attempted stone pressure flak-

Another unalterable example is on ldo h 
material called "Bruneau Jasper" from th 
rhyolite at the bottom of Bruneau Canyon , 
southern Idaho. This jasper is much desire 
as o gemstone because of its very distinctiv 
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patterns and was also used by aboriginal man 
in that area. Early man was able to alter this 
stone, but , so far, I have had no success with 
thermal treatment of this material. Perhaps 
with further experiments and an analysis of 
the components, we may determine the dif
ferences between varieties of jasper. This ma
terial has now been successfully altered by 
Dr. Jacques Tixier by subjecting it to a high 
temperature heat over a prolonged -heating 
period . It is apparent that past stoneworkers 
had a greater understanding of what consti
tuted lithic materials and the longer I at
tempt to increase my knowledge of the lithic 
mater ials, the mare respect I have for anc ient 
man . 

(c) Organic Replacements: 0 r g a n i c re
placements are ordinarily composed of mem
bers of the cryptocrystalline silica family and 
have been much util ized for making flaked 
tool implements. Here, a g a i n, chalcedony 
plays the most important part as a replace
ment agent . In previous paragraphs, the varia
tions of chalcedony are described. Chalcedony 
is, by far, the mas t common material deposited 
in vo ids left by the decomposition of organic 
substances and the dissolving of certain min• 
erals. Casts are the total replacement of the 
original, without indicating the internal struc
ture, and they will shaw the external farm 
only. Replacements may preserve some of the 
internal structure. One of the most common 
replacements is wood but there are many 
others such as palm roots, aquatic plants, 
algae, bag material, shell and bane. These 
materials are usually quite distinctive because 
of the different species represented and can 
usually be identified by tracing their sources. 
When wood casts, replaced by chalcedony, are 
found in sedimentary rocks they appear ta 
have finer microcrystals than those similarly 
replaced but found in lavas. This causes me 
to wonder if the sediments in which the wood 
is found may play a part in determining the 
crystallization that tokes place. 

(d) Flint-like Materials: Flint has a wide 
range of forms, textures, colors, and occur
rences and there are those who usually con• 
sider any hard, tough stone ta be flint and 
generally think of most arrowheads as being 
made of flint. It appears that there are three 
predominant forms of flint, the chalk flints, 
the limestone flints, and the lighter-colored 
fo rms, called chert . It seems to be a com
mon practice in Europe not to differentiate 

between the silica forms bµt to group all 
cryptocrystalline forms of silica under the one 
name of "silex". Far example, the toolmaker 
is commonly called ·a "flintknapper". For re
search and reading clarification, it would ap
pear there is a need to distinguish between the 
many varieties of this material. This would 
better establish a relationship between the 
workability and character of a particular flint, 
as well as its geographic distribution. There 
are many paradoxical differences in flint tha.t 
ore not entirely understood even by the flint• 
worker. Outwardly, or by visual inspection, one 
flint may appear ta be exactly the same as 
another flint. from a different site, yet, when 
subjected ta the percussion method of de
taching flakes, it does not work well, while 
for pressure work it will respond admirably. 
Ta cite an example: recent correspondence 
with Dr. Francois Bordes informed me that he 
had received a supply of flint from Sweden. To 
quote Dr. Bordes, "This is beautiful flint to 
make blades, works also fine by pressure, un• 
treated, but it is very diff icult to work by per• 
cussian. A mast paradoxical flint!" he did not 
indicate if this material was freshly mined or 
surface, but he did say that he was going to 
subject this flint to the thermal treatment and 
see what results he would get after the heat• 
ing. 

To date, I can find little or no agreement 
among the prominent students of mineralogy 
on the differences or simularities of chert. The 
disagreement appears to. be in the definit ion 
-same define chert as an impure flint, while 
others maintain that flint is an impure chert. 
Others argue that chert and flint are the 
same. Again, there are those who believe 
that chert is pre-Cambrian and flint is after 
the time of chalk formation . Some use as o 
criterion the different degrees of transpar• 
ency or transluceny to determine which is 
flint and which is chert . Others use form as o 
standard, maintaining that flint farms in 
nodules and chert in seams or blanket veins. 
Some base their decision an color, declaring 
the dark colored material to be flint and the 
light colored to be chert. Even among stoM
workers there is disagreement, their criterion 
being the warkablity, declaring flint will work 
better than chert, when, actually, it only 
represents a degree of quality. The homogen• 
eity and texture of bath fl int and chert make 
them indistinguishable and there is bath good 
and poor flint and good and poor chert. It 
is the degree of texture of flint or chert that 
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determines the quality, workability and sharp
ness of the removed flakes . There has been 
much wr itten about the behavior of freshly 
mined flint-sometimes called green fl int
dehydrated flint and hydrous fl int. It is com
mon knowledge that when lumps of flint 
containing water are exposed ta the elements 
they will be in no way as workable as freshl y 
mined masses removed ·from below the frost 
level. Continued exposure ta sun and frost will 
naturally create expansion and contraction 
and will , ultimately, farm cracks, planes of 
weakness and internal stresses that are unde
tectable until one attempts to make a flaked 
tool. However, the smaller the pieces, the 
greater their ability to stand rapid changes of 
temperature. I find that the flakes detached 
by ancient man are as easily worked by pres• 
sure as the newly mined material. Of course, 
this factor may be pertinent ta only certain 
types of flint and much material still remains 
to be tested. It is true that the more coarsely
textured flints will allow more expansion and 
contraction than the more finely-textured 
flints . For example : I have had a piece of 
Grand Pressigny flint which was collected in 
1937 by Dr. H. C. Shetrone and given ta me 
in 1940. I recently made this into blades and 
artifacts . I have had this material stared for 
these many years in an unheated building and 
yet, after 28 years of storage, it was still flaw
less. Recently Dr. Bordes and Dr. Tixier sent 
me some fresh material from this same local
ity. Comparison rev ea Is no differencies in 
workability or character in the fresh samples 
and the Shetrone flint which was stored for 
same 28 years . I do not know haw long · it 
takes to dehydrate flint but I think that my 
stared flint indicates that dehydration is a 
long, slow process. 

An additional test of the merits of hy
drated or dehydrated flint is brought out in 
the alteration of flint by the thermal process 
(Crabtree and Butler 1964). I heat the flint 
to 450 degrees F. for at least twenty-four 
hours . After that length of time the flint 
should have been dehydrated . The purpose of 
heating the flint is not ta remove the mois
ture, but to anneal the stone by changing 
its crystallinity, making the flint mare work
able and producing a sharper edge an tools . 
After flint has been slowly heated and cooled, 
it has a much glossier texture which increases 
the ease with which it is flaked whether by 
pressure or percussion . On the other hand, 
freshly mined saturated flint would have ad-

ditional strength because the water filled vo id 
between the microcrystals would then transm , 
the force from one mic rocrystal to the nex 
and prevent compression of the fl int , thu 
dampen ing the force . Less force would then b, 
required to detach o flake in freshly mine, 
fl int than in untreated, dehydrated flint. Th ,· 
peculiarity is more noticeable when one is de 
!aching blades from a core by percussion. 

High moisture content appears ta reduc , 
the brittleness and make the blades slight! \ 
more flexible . Personal conversation and ca r 
respandence with Dr. Jergen Meldgaard of th~ 
National Museum in Copenhagen revealed 
same of the European thinking on freshl y 
mined flint . Meldgaard has worked very close 
ly with Andres Kreigh, a skilled flintwarker 
frcm Jutland and, together, they wrote the 
book "Mand Og Flint" (p. 50-51) reciting their 
experiences and ideas on the stoneknapping 
techniques of Denmark. They conducted some 
tests with Danish flint under controlled labor
atory conditions ta determine the absorption 
of water by flint. These experiments proved 
the amount of water flint will absart, is con 
siderable and Mr. Kreigh was of the opinion 
that freshly mined flint was mare desirable 
and perm itted more control than the surface 
variety. 

Ta further illustrate the different varieties 
of flint: in one of our experiments at the Uni
versity of California at Berkeley, Dr. Francois 
Bardes and the writer received some Harr ison 
Ccunty Indiana flint given ta us by Dr. Ray
mond S. Baby of the Ohio State Museum. This 
material had weathered out of limestone and 
was marked with rust streaks as a result of 
being hit by plow and field tools in the farm 
tilling . Yet, Bardes and I agree that it was one 
of the best flints in its natural state that we 
had ever worked, responding well ta either 
pressure or percuss ion . We could see no reason 
ta alter this material by us ing the thermal 
treatment . This flint must be of considerable 
age, as it had apparently laid a n the surface 
since it weathered from the limestone of the 
area . This would, therefore, seem to substa n
tiate my theory that one must consider the 
workab il ity of each individual mater ial separ
ately, in addition ta its mineral class. The 
many locations of fl int and other materials 
each has its own character. 

Those who have worked flint will agree 
that, in mast coses, just under the cortex the 
flint is of a finer texture and is easier •a 
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work. When one opproises the formation of 
nodular flint, he will observe that the cortex 
is the surface of the nodule . If the cortex is 
insufficiently mineralized, or portly impreg
noted by the silica form of chalcedony, and 
is not o dehydrated flint, the cortex will be a 
combination of the silica and limestone, or 
s ilica and chalk. This will depend on the sedi
ment in which the concretionary nodules of 
fl int were formed . When a flint nodule is 
formed in a bed of limestone or chalk, the 
center will usually contain a fragment of fos
s il organic material . Around this organic mat
ter, microcrystals of silica have formed con
centrically if the silica charged waters con
tinued to permeate the deposit of chalk or 
limestone. The growth of a pearl in a shell
fish by the depositing of nacreous material on 
o piece of irritating substance is a suitable 
onalogy. The development and growth of a 
nodule of flint has no divisions between the 
loyers of si I iceous materia I if it is of good 
quality. Often one may notice a change of 
color in the concentric deposits resulting from 
dfferent amounts of absorbed mineral salts, 
or a different mineral taken into solution by 
the silica charged waters. When several nod
ules are forming close to one another they may 
join. The joining of several will result in same 
interesting contortions that resemble some of 
our modern art forms and sculptures. The 
continued growth and joining of nodules can, 
ultimately, make a ledge or blanket vein of 
flint. 

When experimenting with and examining 
the cryptocrystalline silica materials, I have 
noticed, on occasion, that the cortex is made 
up of common opal and under the common 
opal there is a change from the non-crystalline 
to the microcrystalline and between these two 
there is a combination of both. The texture 
of this portion of a nodule is semi-glassy with 
o greasy finish much prized by the stane
worker. 

Good quality flint has most of the attri
butes necessary for the making of most flaked 
tool implements. The fracture of flint pro
duces flakes with a sharp edge. This material 
has the quality of toughness which permits one 
to. create a platform that will withstand the 
necessary pressure or percussion force without 
collapsing. This permits a wide thin flake to 
be detached without breaking off short in 
step-fractures. Flint has a resistance to "end 
shock". By "end shock" I mean when blades 

ore removed from a core, the shock on the 
proximal end of the flake will be transmitted 
to the distal end of the flake, causing a re
bound of the mass, resulting in a broken 
blade. This is one phase of elasticity. 

There is considerable variation in the tex
ture of flint, and the finer-textured varieties 
are the most desirable for flaking. The coars
er-textured flints do not produce flakes with as 
sharp an edge as do the finer-textured flints . 
The edge of the flake can be only as sharp as 
the degree of microcrystal size. Far example : 
a non-crystalline material, such as obsidian 
and opal, when cleaved or a flake removed, 
will break to the last molecule or to a theoret
ical infinity; while flint will break to the last 
microcrystal, producing an edge with o dimin
utive saw effect. A flesh wound made by the 
sharp edge of flint is slow to heal, as its 
coarse edge bruises and destroys the tissue 
cells, while obsidian and opal sever the cells 
and a rapid healing can be expected. Gener
ally, the flint cut will heal leaving a scar, 
while opal and obsidian cuts will heal more 
rapidly and leave no scar. 

In reviewing the many dictionaries, en
cyclopedias and publications with regard ta 
materials, I find little or no information per
taining to qualities of flint. The best definition 
is probably that found in Dana's Quartz Fam• 
ily Minerals ( 1963). "Flint is nearly opaque 
with a dull luster and usually grey, smoky
brown, or brownish black. The exterior is 
often white from o mixture of limestone or 
chalk in which it was originally imbedded. It 
breaks with a conchoidal fracture, yielding a 
sharp cutting edge, and hence was easily 
chipped into arrowheads and hatchets." Dana 
also separates flint from chert by stating that 
chert is lighter in color than flint and that 
flint is in isolated nodules while chert is in 
beds. When the toolmaker removes all of the 
cortex and the color has been bleached and 
bleached by exposure and, possibly patinated, 
a problem hos been created making it diffi
cult to distinguish the difference between 
flint and chert. The material identification of 
a finished artifact is, indeed, a much more 
difficult problem than the identification of 
material at its source. It would appear that 
for the purpose of identification of lithic ma
terials that limestone flint, chalk flint, chert, 
hornstone, Lydian stone and silex can be 
grouped as a unit for their qualities ore pri
marily the same, yet, when the desire is ta 
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give a pinpoint description of a certain flint, 
a more definitive description should be given. 
For purposes of identification, present-day 
mineralogical terms should be used if their 
meaning is not synonomous and the mineral 
constituents are dissimilar. A breakdown of 
the individual flints that have individual char
acteristics co u Id be useful in determining 
their aboriginal source and the trade and 
migration routes. 

It may be well to combine chalcedonic 
rocks and flint in one main group, os flints 
ore impure chalcedonies. They are both of 
the massive homogeneous cryptocrvsh " 'ne 
varieties of quartz. 

It has been known that under c.~ -. • ·n-
ditions certain forms of flint will p, nute 
more readily than others. By examination of 
the materials in the formation of flints, one 
may be oble to identify a difference in the 
elements contained in one that is lacking in 
the other. The amount of CO2, carbon di
oxide, or carbonic acid, H2CO3, in association 
with wcrked flakes or tools could also hove a 
direct bearing on the rote ot which the patina 
may be formed or the depth to which the 
patina will penetrate. One will note that the 
Lindenmeier Folsom material has little or no 
patination while worked surface material from 
other sites, of no apparent great oge, is wel I 
patinated. Until a more exhaustive study is 
done on materials, no conclusions may be 
drawn, but this may prove a need for further 
experiments. 

3. NON-CRYSTALLINE VARIETIES 
OF SILICA 
(a) Opal-Non-crystalline Amorphous Sil

ica: It is in this group that we have precious 
opal, common opal, opalite, diatomite and the 
various other amorphous replacements of or
ganic materials. The chemical elements are 
a combination of silicon dioxide and water in 
variable amounts. Opal hos a higher water 
content than the cryptocrystalline varieties of 
quartz, and has a hardness of between five 
and six on the Mohs scale of hardness and 
can usually be scratched with a knife . It is 
one of the few minerals that is non-crystalline 
and amorphous and is found frequently . in 
botryoidal or stoloctitic masses or as a re

·placement of wood or ether organic material. 
It varies widely in color and appearance and 
has a resinous or waxy luster. The color of 
opal may be white, yellow, brown, red, green, 

blue, grey, block or any combination of the· 
colors. Opal is the most brittle of oil the sili , 
minerals . Thin edges of opal con eosilv I 

flaked by the pressure of the fingernail . Op, 
with a rich display of colors is considered 
precious gemstone but , because of its raril 
ployed little or no port in the toolmaking i, 
dustry . It is safe to soy, then, that when or 
sees on artifact mode of this fire-quol ir 
variety that it may be considered a mcde , 
product. 

Many types of opal ore easily ident ifio. , 
due to their different physical properties or , 
chemical constituents. Some of the voriet i, 
ore : precious · opal, that showing a brillior 
display of blazing colors; girasol, translucer 
and blueish-white; common opal and sem 
opal , that having many colors but wrthout t h 
fire-like reflections; cocholong, that which 
opaque and porcelain white; opal-agate, op, 
of different color shades, sometimes bonde, 
jaspopal, opaque because of the iron sol1 
and other impurities; wcod opal, opal sili c 
replacing the substance and structure of woo, 
hyolite, a very pure form of opal associate 
with volcanic rocks and occurring in gloss-lik 
concretions; fiorite , siliceous sinter; tripolit, 
consisting of siliceous skeletons of diatoms. I 
is not uncommon for cpal to replace organ , 
moterials, the most common being wood, be . 
and other vegetable substance~,. Some of th 
opal replacements ore remarkable becaus. 
of the fidelity with which they replace ever 
cell and fiber of former moter ,als even to sue , 
on extent that the or iginal species mov o, 
determined. The replacements may, on oc 
cosion, be of precious opal such as thos, 
found in the Virgin Volley in northern N~ 
voda . However, it is the common opol, sem , 
opol,josper-opol and the agate-opal that or , 
the most common and also the most useh. 
for making stone tools . The fossilized bog 
yield this type of opal in more massvie beo 
by replacing the stems, roots, seeds and leave 
of extinct flora. These beds ore now found :, 
sedimentary deposits as blanket veins . Op, 
replacements ore common where volcanic a s, 
has rapidly covered the organic material . 

Opal is not a particularly satisfactory m, 
terial for making large flaked stone impl , 
ments. Because of its high water content, 
is easily weathered; rapid temper at u r 
changes and exposure wi II result in dehydrc 
!ion, causing the material to crack and craZl 
The surface, upon drying, will resemble , 
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piece of gloss that has been heated and sud
denly chilled, causing a multitude of little in
tersecting incipient f issures and cracks, yet 
the piece will reta in its form . However, upon 
tapping with o hammerstone, the opal will 
sound holiow or respond with a dull thud be
fore it d,sintegrotes . This choracter is dis
tinctive onlv to opal and could well be used 
as a d,agnositc feature i'n determining opal 
from chalcedony. This croz,ng and cracking 
makes surioce opai almost invariably useless 
for tlai<.ing . However, opal freshiy dug from 
below the frost line may be worked into small 
artifocts, if the work is done before the stone 
has a chance to dehydrat6. 

Opal is often confused with heat-treated 
cryptocrys tal line varieties of auartz because 
the luster ot the thermo l- treoted material very 
c Io s e Iv resembies that oi opal . After the 
thermo: treotment. cryptoc rystalline varieties 
do resemble opal, but their hardness remains 
the same. Opai _. of course, is a softer stone and 
a hardness test ,s one meons of determining 
which is heot-treoted materioi and which is 
opal. To ovoid confusion when determining the 
kind of material , one con resort to a few s1m
p1e tests to d ifferentiate between opal and the 
heoteo cryptocrystolline materials of quartz . 
First, oPo i can be scratched by a knife. Second, 
opoi ,s much lighter by weight or one con 
compare the specific gravity. Third, opai is 
unlike cryptocrystoli,ne quartz in that it is 
more so luable in alkalies . Fo r instance, one of 
the onyx varieties ot chalcedony. or oanded 
agate _. may be immersed in on olkol,ne solu
t ion and the layers containing opoi will be 
attacked and dissolved, leavi ng the layers of 
chalcedonv unofiected. Because of its non
crvstall ine' structure, a quality wh ich opal and 
obsidian hove in common, opal breaks to a 
very sharp edge . It is this quality that allows 
c flake to terminate to the lost molecule 
thereby producing on edge with greater sharp
ness than that of any meta l razor or any 
other variety of quartz . E:lecause of this edge, 
a flake ot opal con be very useful as a knife 
but due to its brittleness, it must be handled 
with a delicate touch . Obsidian is much more 
desirable as a lithic mater ial because it is not 
as fragile as opal. In spite of its brittleness, 
opal is the most easily flaked of all materials, 
permitt ing very long minute flakes to be de
tocr.ed with a minimum of force . Its quality 
o f elasticity allows the worker to guide the 
flakes with less effort than is exerted on most 
other materials. It is unfortunate that opal 

has the tendency to craze upon dehydration. 
for this lim its the size of the ortifoct that can 
be produced from this material. 

There appears to be a need for further 
research on the combinations of crystalline 
and non-crystalline varieties of silica . I have, 
on occasion, found materials that appear to 
be combinations of jasper and opal and others 
a cc mbinoticn o f the varieties of chalcedony 
and opal. These combinations ore wel l suited 
tor toolmaking since they lock the high water 
content and, therefore, d_o not readily craze 
or crock and ore not as brittle as the purer 
forms of opal . 

4 IGNEOUS ROCKS 
Some varieties of igneous rocks are useful 

for making flaked stone tools. The most desir
able ot this group ore: 

a . Obsidian, a volcanic g loss of granite 
composition. 

b. Pitchstone, on opaque grade of ob
sidian . 

c . lgnimbrite, a welded volcanic tuff . 

d . Basalt, a type of extrusive volcanic 
rock. 

e. Rhyolite, a light-colored volcanic rock. 

f. Andesite, a volcanic intermediate be
tween basalt and rhyolite in composi
tion . 

g . Felsite, the name used for both rhyolite 
and andes ite when a more accurate 
identification is impassible. 

h . Tektites, a meteoric origin. 

(a) Obsidian: A volcanic g loss of granite 
compcsitian, consisting of lime or potash and 
silicate with alumina and iron . It has a glossy 
appearance and is six in hardness on the 
Mohs scale. It is vitreous in nature with a con
ical fracture. The primary color is usually 
block, but it is sometimes red , brown, green 
and / or variously striped or mottled in a com
bination of these colors. The striping usually 
is a result of the fl ow structure of the obsidian. 
Some obsidian hos the quality of iridescence, 
exhibiting rainbow colors and other varieties 
hove the quality of chotoyancy, showing a 
gold and silver sheen. Both iridescent and 
chotoyont obsidians must be oriented to the 
proper axis to bring out this beauty of the 
sheen. The early people of Mesoomerica were 

- 54 -

J .,ore ci th is sheen and seemed ro prefer 
th, s q u c I i t v for the monufocture of their 
,·otyhedrol cores. Obsidian has all the desir
Jb1e qua liti es a n d properties necessary for 
making flaked stone too ls and it mu st hove 
!:>een a time of much rejoicing among the 
onc ,ent tcolmakers when o source o f good 
,,1>,1d ian was loca ted . Today it is st ill thrilling 
1-, pay a visit to Gloss Butte, Oregon and see 
the beauty of th is materia l, for there is no 
monotonv in the endless var ieties of swirls, 
bonds. cclors , iridescence and chatoyoncy and 
•t is, indeed, a delight to work. It requires less 
force to detach a flake from obs idian than 
the cryptocrystolline quartzes and it works 
equally well for the percuss ion or pressure 
methods . Its onl y drawback is its limited 
strength. The cryptccrystoll ine quartzes ore 
stronger and not as brittle as obsidian . How
ever, the sharpness of the obs idian flakes more 
than compensates for the difference between 
the two materials . 

The sources of obs idian ore not as widely 
distributed as the cholcedonic rocks . Since it 
occurs in regions of vulconism, it was widely 
used in the western United States, Mesoamer-
1co. South America, Iceland and, to some ex
tent, in the Mediterranean area and in Africa . 
It was employed in the manufocture of cut
ting implements, projectile points, utensils, 
m, r r a rs, earplugs and o rnamental pieces. 
There ore multiple grades and kinds o f ob
s1d1on relative to workability, character, and 
cclo r and these differences can occur in the 
some zone of vulcanism . In the same volcano, 
different temperatures were reached which 
resulted in the production of different forms 
of volcanic glass . The high temperatures pro
duced forms of crystobalite and tridymite, 
creating small spheres, or spherulites, within 
the material with a rad iating or spoke-like 
1rructure and this is called snowflake obsidian. 
Whrn obsidian contains these spherulites, the 
\tructure is weokened, moking this material 
on inferior grade. A great deol of the ob
\1d1on in the Yellowstone Pork oreo contains 
rhese spherulites, making it unsuitable work
ing stcne, as one must f irst delete these im
ptrfections and, therefore, only smol I tools 
con be produced . There is also a difference 
,n the texture of various cbsidions from .the 
some site . The coarser-textured varieties have 
ltss strength and, therefore, are not as de
s,,oble as the more vitreous types . 

The age of the obsidian is also o factor in 

its workabilit y: the o lder the obsidian, th . 
,nore internal stresses and strains becaus 
the molecular structure is unbolanced by t r) 
ing to assume a crystall ine form, mok in , 
the older moteriol unpredictable for the man 
ufocture o f tco is . Thi s phenomena may b, 
likened to o ld and new window glass; a glaz ,e 
will sometimes refuse to cut old glass becaus, 
oi its brittleness. An example of th is phenoni 
encn in nature is ev ident in the obsidian foun . 
in perl ite beds . Often it is so brittle from i1·, 
ternal stresses that one cannot remove the sur 
face by grinding on a lopidory wheel withou 
olmost explod ing the obsidian. Much of th, 
perlite is made up of the exfo lioted obsidian 
Aceas producing this type o f obsid ion hov, 
the appearance of being on aboriginal work 
shop due to the exfolioted flok es . Some of th , 
material wil l even resemble po lyhed rol core· 
due to the starch frac tures caused by mole 
culor internal pressures . However, this type 01 
break is readil y identifiable from those man 
made, either by pressure or percussion . Wher 
I speok of o ld ond new obsidi an, I am mak 
ing reference to the geological age and, 01 
the presen t t ime, the oge is on ly re la t ive 
Devitrif icat ion of obsidian is not a functi or , 
of time alone since it moy occur very soon 
after extrusion a s a re sult o f hydrothermo l 
activitiy . 

Gene Titmus, Henry Irwin and I d id some 
toolmaking work at the Glass Butte and Burns 
sites and became aware of the addit iona l 
amount of force required to detach a flak e 
of similar size from a piece of Burns obsidian 
compared with the cobbles found at the Glos ,. 
Butte site . When struck, the Burns obsidia n 
has a rescnance that is unnoticeable in the 
Glass Butte material . Until one is able tc 
mentally calculate and compensate for the 
d_ifference in toughness and homogeneity a nd 
allow for the d iffe rence in the force necessary 
to remove flokes of equol dimensions, it is dif 
ficult to change from the Burns mater io l 10 
the Gloss Butte obs idian . 

Some of the sites from which I ho ve ob 
tained cbsidia n for exper imental purposes are 
the lslond of Sac rif ice neor Ve ra Cruz, Mex 
ico; Teotehuacon, Valley o f Mex ico; Eo st ol 
Magdelena, Mexico; Son Blos, Mexico; Glos, 
Butte, Oregcn; Silver Lake, Oregon; no rth 
western Nevada; Fish Lake, Nevada; neo, 
Cederville, California; Coso Hot Springs near 
Little Lake, California; Gloss Mountain north 
west of Bishop, California; Clear Lake, Cali -
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fornic · Snowflake obsidion south of Solt Lake 
:,ty Utor Iceland; the western slope of the 
Tetons, Idaho, Sweet , Idaho; and Owyhee 
County, Idaho. 

Obsidion requires a different working 
technique than the cryptocrystolline varieties of 
quortz When working obsidian, c softer ham
merstone is used to prevent the shattering 
one coliapse of the striking platform . It is 
also necessarv to use more care in the prepara
tion of the platforms to insure their with
standina the necessary pressure or percussion 
fore€ . W h e n working obsidian, the shock 
must be dampened with more core and the 
force must be directed toward the center of 
the mass more carefully. Also . the support is 
more crit,ca! and greater care must be exer
cised in holding the stone being worked . Be
couse of the fragility of th,s material, a refine
ment of techniques is necessary when one 
changes from flint-like materials to obsidian. 

(b) Pitchstone: A variety of obsidian with 
a coarser texture . The edges of the flakes 
ore not as sharp. the platforms crush more 
readily than do those on obsidian and a little 
more force is required to remove a flake. I 
be I i eve pitchstone has a slightly different 
water content than does obsidian, but, gener
ally , the qualities are similar. 

(C J lgnimbrite: A type of volcanic rock 
eas iiv confused with obsidian . It is, however, 
a welded volcanic tuft and breccia . The tuff 
and breccia is produced by igneous activity 
orig,nolly by being discharged from volcanos 
in the form of ash made up of microglass-like 
porticies with the same qualities as obsidian . 
The tuft from o single eruption mav cover 
thousands of sauare miles and , under certain 
conditions, be altered until the glass -like par
ticles are Joined into one homogeneous mass. 
Upon close examination of a fractured sur
face . ignimbrite will exhibit numerous imper
fect ions for , when the flake is being detached, 
it intersects the small granules of impurities 
which create unequal resistance to the force 
necessary to detach a flake , and these impur
ities leave a roughness on the flake . lgnim
brite is usually black but may be red, brown, 
blue or a combination of these colors usually 
in blended bands rather than mottled and 
there is sometimes evidence of brecciation . 
lgnimbrite is a I ways opaque except when 
broken to a very thin edge which permits a 
little light to be transmitted and the thin 
edge will show tiny granules. The most occur-

ate method of determini'1g whethe, it is ig
nimbrite or obsidian ,s to examine a th i., 
section under o micr.:,scope . lgnimbr ite 1! 
commonly found in place O$ a ledge or blanker 
vein . When not in place, it is usuo!lv io:.,nd 
in aliuvial deposits as rounded cobbles which 
have a cratered surface caused by their be,n3 
bruised against the other gravels thot make 
up the alluvium . Since th,s bruising has set ur 
planes of weakness on the exterior of the cJb· 
ble, one must remove the outer surface be
fore the cobbles can be worked . 

When ignimbrite is used for making flaked 
stone tools, slightly different techniques must 
be used than those applied to obsid ian . The 
edge strength is not as great as obsid,an, so 
mare care must be used in seating the pres
sure teal and a "stronger" piatform created 
Also, when using percussion to detach flakes, 
the impact must be farther in from the leod,ng 
edge to prevent it from crushing or causing c 
step-fracture When one becomes accustomed 
to this material, very fine narrow controlled 
precision flaking may be accomplished. lg
n,mbrite is quite plentiful in southern Idaho 
and was apparently a favorite material for 
early man in this area, for the greatest per
cent of the artifacts found here are mode 
from this reconstituted tuff. 

(d) Basalt: A form of extrusive dark gre)', 
dark green, brown, or black lava, either com
pact or vesicular . The compact variety of ba
salt is the most suitable, depending on the 
degree of coarseness or fineness of crystal
lizaticn of the material . Basalt hos a quality of 
tcughness and resistance to end shock, an 
important factor when the finished tool is to 
be subjected to rough usage . The more finely
textured basalts lend themselves well to pres
sure flaking . However, more force is required 
and a "stronger" platform is necessary to de
tach flakes ti-ion on obsidian and other vit
reous types of material . Bv stronger I mcon 
the platform must be mode larger or be poi
ished. When working basalt, a greater omaunr 
of control must be exercised to make pressure 
flakes of uniform dimensions because of the 
increased amount of pressure necessary to 
detach a flake and, at the same time, prevenl 
the flake from collapsing . One may expecl 
the flakes to be much shorter and to have 
more step-fractures than when working a 
finer-textured material. Pressure flaked arti
facts of basalt may be expected to be thicl<, 
unnotched or slightly notched, stemmed or 
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:onceoiote and_ :n rare ccses . p recision 
! :eked toc,s with share edges. C:.crse-c:;rc,nec 
~o~ca ccn be most useful i~r certain types c f 
rec•!. such cs those 1Jsea tc cut an t1er oone or 
,coc. The basalt teal is 'Jsed ,n o sow -:ike 
monner . 

le .' Rhvolite: A light cclcred icrm o i 1cvo 
tos,cadv of the some compos,t, on a s gran ite, 
~ ... t :001ed more rop ,d ly. The more rco,dly 
.:cc1ed, rhe more ,,i trecu s ;rs ,,oture . The 
-ncre vitreous the rhyoiire . :he more suitable 
·t •I tor moKing flaked imciemerns. Sources 
~, •he iinely-textureu rhvclites ere net oort,c
•JICtlv ccmmcn ona ,. oeccuse o t th,s , ~hey 
~,a r\Ot cloy en 1mccrtcnt ocrt cs a source 
;t geed mcreriol. 'Nhen rhvo1ite :s round with 
~ m1n1mum 0f phenoc:-vsts. :t con Oe a verv 
101,stactory stone for rhe monutacture o'r 
llc;Ked too rs . The celcrs ct rhver ite ,cnge from 
wn,te to grey, pink, ced one puro1e . The glossy 
:hvarites may oe ricked bv either cercussion or 
;:ressure end weli-contrciled •Ickes may oe 
detacned . rine quaiitv rhvo1ite may be com
~ored in degree of workobilitv to gooa qua1-
1ty neat-treated jasper and cnalcedcny. 

fl Andesites: Andesites, because oi their 
~tundance and variety of coicr . texture end 
m,neror comocsition ore suitable fer cerrc1n 
,,~es oi artifacts . Thev ere, :n cenerol , darker 
·ncn rnvolites one the aark grey c.::lcr is com
-non. They ere rrar.sitionol on the one >iand 
n10 rhvo1ites; on the other 1ntc bcsa1ts. Their 
•resnly croken edges are •ransiucent when 
~,d ,n c i::-right 11gnt. Quartz phenocrvsts do 
~:t .::ccur ,n ancesite which distingu1snes ,r 
rrcm myclite . Because of the w,ae range of 
,:.:nst,tuents. textures end contained minerais, 
1he (legrees of workability ore relative ta the 
'\Omogeneity end texture .::r the andesite . 

.g/ Felsite: It is difficult to discriminate 
;ttween rhvo1ites and andesites that ore de
,c ,a ct phenocrysts, making ,t necessary TO 
.le an elast,c, noncommittal name , :=or the 
:.qht -colored rock 0t this crass , ,.e ., t hose 
•~•ch ore light to medium grey, 1ight oink to 
.:ark red . ;::aie yerlow tc brown . light green to 
..:ark. .,reen_ dark brown or black, the term 
Fels,te 1s convenient . 

end its geological r::ccurrence 'n teroreted . l 
: eiterote the mere tinelv textured . the mo , 
homcgene0us rhe material , the more :-eod u 
the 'Y1Cteric1 lends •!self to e e,ng made .n1 
flaked •mplements . As a stcneworker, , cc 
)niv attest to rhe trocture of these rnoteri c , 
ond the fine/ onorys,s will hove to be 1eft tc rt , 
m1nerc1ogists . 

!hi Tektites: :.:iicss- 1,ke mcteriol of ,-:,o• 
s,b/e ex traterrestricl .J rig1n found c.nd ~se 
cboflg1noil v 1n A,ustro lio ona 1ndia . Cxcer 
ments were riot :::one rn this rnaterio1 t::eccu ~. 
,"'lone was cva11cb1e. 

5. SILICEOUS SEDIMENTARY 
1ci Welded Permeable rocks: ,..f1e 'more ,; 

.fc t ion c f ;:;ermecbie reeks ':Jy s11ico ' cho ic(: 
·:lonv, ccn c1ter 1:J sem1 ~r:,crc L.s ..-noterici sucn ,.; 
shc:es ;nro c rocK ,hat ::en then ,:e .shcce, 
.nto sct,sfactcrv toc1s ei ther cv pressure c., 
,::ercussion . :-~is oermeoo1 e ;:ircuc ...:.t rcc)(.s 
:naistincu,shaole ~ram rheir .Jna1terea :oun 
terpcrts· excepr thct -::rl voids r:ire •ille~ an, 
::,arncies ere we1ded ,nto 0ne nomcgeneou• 
moss . ~eeks thus tc rmec mcy De .:i1tered c-. 
~he rhermol ~rectment cna :J re well su,tec 
•er mak,ng stone imp,ements . 

(b) Silicified Sediments: rhe introaucticn 
d , or rhe reclccemenr bv, siiicc ,ntc tvpes c1 
sediments such r.s r.1ays, rnt and sana <ccrt ,
c •es 'n ,ndefin,Te m,xrures end :)rccort ,cns 
mav beth fiil up ;ores e r vc1 ds end repiac E:
exist1ng m1nera is. These si l iceous ~eciment ~ 
include rnucistcne cicysrc ne, siltstone . $nc1e 
::nd orgidite -::nd cne ~av use .Hill c r ;, e : 
;,cmes re cist,ngursn ~he mcnv aifferent cc1cr ~ 
end textures. N\ater1or 1Ji '°his '10ture is usuo11v 
found in ieages, i:.lanKet ve,ns . in !arus :) r ,n 
:iiiuv1c1 depos,ts . -:-:-,e siliceous ,ecime'1ror·, 
cccks ere usuailv :n rcbuior iorm orten with 
verves ana bedding orcnes . The seaimentar-, 
material having cleavage or :::edding ~-,one$ 
closer rcgether then rne ' hickness OT the '.)re
posed crtifcct ,s undesirable t-eccuse the rlake 
,viii follow the !ine ot ,ecs t ces ,stance. How
ever .. if the bedding p ianes ore o f cpprox,mcte 
iy the scme Thickness ::is ,he ,;esired toe, 
much rhinn,ng may be e rim,nated . Thin s ;ebs 
mav be eos11v shaped into a varietv ct •cc 1s 
with a m1n1m.um of etfort and o s11ght loss 01 
material. 

~hyolite, andesite and felsite ere almcst cs 
,;iff1cu1t to define as the difference between 
:nert and flint. When these materials a re 
moae into artifacts, or found as flakes and 
.l,scords, 1t is even more difficult to define the 
rnoterial than if the material's origin is known 

5ilic,fied er cpalized sediments can often te 
confused with metamorpnosed sediments. ';"he 
metamorphosed sediments ore usuarly slate 
and shale with well-defined cleavage planes so 
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.: losei v sooced c~ to make t he materi o l ur- 
sui tc~le tor f1::ike imolemenrs. 

Wher. the t extu re is fi ne a nd t he sitic if1ca
ti on is comple te . this type o f sed imentary rock 
is ::iaeoJote ia r most f la ked stone impiements . 
!: hos beer, wicielv used a nd p la yed an impart 
ant part as c SOi.Jr::e of g o-:>~ mater iai. 

ic i Siliceous Limestones : ._ ,mes tones con
tain ,nc vo ri abie amoun ts of si l,cc len :i them
se, ves -D the f ioKed too i indust ri es in d ifferent 
degrees. de pendi ng on the a mount of silica 
conro ,ned in the mate rial. T he calcium car
oono te D\' itsel f is much too sof t to result in a 
sharp cu tt ing edge , but a comb ina tion of s iii
ceous mater io1s eveniy di st rib uted ,n the mass 
can make usob1€' mo terio i. Tne greater the 
am ou n t o t si l ica-the m :::l re control one has in 
detoch, ng fi okes . The re placement by, a, the 
in t rod u .:. t 1::>n J ! si l ica into 11 111esto ne in indef
ini te proport ,o,.;s con t, ibutes to c wide array o f 
textu res , co ,o,s a nd m ine ral constituents . At 
the t ,me o i deoos it ,an . the limestone mov hove 
contained s iliceous ske le tons o i di a toms. there
by 1n: re os1ng t h e sili ca con te nt . 

c.imes tone with o h igh sil ,co content con be 
usetu : fa, mok ,ng too ls odo pto bie for rough 
use and when a sharp edge ,s not necessary. 
Si l,ce::i us limestone is ve ry diff icult tc pressure 
fl ake a nd most oi the forming of the too! must 
be cone by pe rcuss,or,. The na ture oi this mc
teri o; is com parobie to basalt in workability, 
texture and toug hness . 

6. METAMORPHOSED ROCK 
Meta morphic rocks inc iude all rocks wh ich 

hove formed ,n the sol id state in response to 
pronounced changes ,r, tem pe rature , pressure 
a nd chemi : a i environment which takes piece , 
ir. genera i, be iow the surface of weathering 
anc cementa t ,on . Th is process by which con
so l, do ted rocks ore a lte red in composit ion, tex
tu re , o r ,n te rna ! struc ture, by heot , pressure 
and new chemico , subs tances are the principal 
causes o f meto morph ism-general lv result ing 
in the development o f new mi nerals . Minerals 
resul t ing from metamorph ism a re onl y useful 
if thev have the qualities necessary ta make 
f la kes tha t may be cont ro ll ed by pressure and 
pe rc uss ion Due to the no rmal coarse texture 
caused Dy the separation of t he ind ividual min
e rals . the me ta morphics do not p lay a great 
pa rt in stone t::ia imo ki ng . 

(a ) Slate : Slate ha s been a fa ir ly common 
ma ter ia , used for too ls and o rnaments but they 

are usuall y f in ished by grinding Howeve r, the 
ini ti a i shaping can be a ccom plished by usi ng 
percuss ion and pressu re . 

(b ; Fine-grained Porphyritic rocks: The 
metamorphosed f,ne -g ro,ned po rphyri t ic roc ks 
hove been used to some extent because of the 
ia ck 0f oe tte r ma teria i. Due ta the in te rsec t ,ng 
planes of wea kness , a ne can e xpect oniv ill , 
formed , th, ck too ls wi th a n irregular o, du ll 
eage . 

7. EXOTICS 
Exot ic mater ia ls are those that do not 

read ily fall into any of the foreg oi ng cote• 
go ries . Thi s c la s:; is me re ly to p rovide space 
ta r the unusua 1, the rare and those that need 
the oss, stance ot a specia iist in th is type of 
m,neraiogy. 

8. EXPERIMENTAL MATERIALS 
\a .I Glass : Glass ,s the ideal material for 

expe rimental work "' the mecha nics of trac 
ture . Giass has iso troph, c prope rties (having 
the same prope rt ies in all di rections ). Glass 
has much tt1e some properti es a s obsidian and 
under the appl ica t ion a f fo rce, it responds ,n 
ar. identicai manne r. Both natural glass and 
manufac tured glass are , by far , the best ma• 
terial s for stuavong frac tures ta r they leave 
radial scars, fissures , undulat ,ans. step and 
hinge fractures , eraillures, fiake overlaps. anJ 
tne platforms and the bulbs of force wel: de• 
f ined . Giass wil: reveai much more ot the me
chanics of tarce used on manufacture than wil: 
the more coarselv-textured materials . Mon
made glass has a uniformity and ever: con• 
s1stenc,· greater than that found in notural 
materials and the imperfect ions are read ily 
detectable Of much importance to the exper
imenter is the fact that giass requ ires much 
less working br~e thar• the cr_yotacrystall,ne 
si licas . Even the a barigina 1 peop ie chose glcss 
as a preferred mate rial , for giass too ls nave 
been ta und in sa me historic si tes in the Amer
icas . It was a iavorite o i the Australian abor• 
igin ies and o great numbe • of the experiments 
done by lsh i were worked in glass . 

Man-made g I ass is var ia ble in fla ki ng 
qual itv because o f the differen t fo rmulas, 
manufacturing methods and co loring cam• 
pounds When one becomes fam ilia r wi th a 
certain kine a i glass and cont inues ta use the 
same quai,ty, very sati sfa ctory result s may be 
obtained . Ii one cannot obtair, the desi red re
sul ts when wo rk,ng wi th glass it wou ld be use
less t ::, attempt to wo rk with natura l materials 
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Unless one is flintknapping continually, the 
honds will at first be tender . Pract ice will 
horden the muscles and form callouses. 

Glass as an experimental material is easy 
lo obtain in a variety at shapes, forms, co lors 
and compasit ian . An excellent source af sup
ply in the archaeo logical s ites o f the fut u re is 
the city dump. Here may be found ca ld cream 
1ars, pyrex, jugs, broken plates and Bramo 
bottles and a particularly satisfacto ry item
old T. V. tubes . One sho uld not delay tao lang , 
however, as our civilization is rapidl y entering 
the age of plastics. 

(b) Porcelain : For the study of fracture 
and comparison with the natural coarser tex
tured stones, porcelain may be used as an 
experimental material for the f r act u re of 
porcela in is qu ite similar to some variet ies o f 
quarlz ite . However, it does not have the some 
toughness . Po rcelain is also variable in qualit y 
su itable for flaking . That which has been f ired 
01 a high temperature is the best wor ki ng ma 
terial , such as discarded high vo ltage trans
m,ssian line insulators and mast porcelain 
bathroom fixtures . Th is material is very gaod 
far percussion practice work and better grades 
moy even be pressure flaked . 

(c) Ice: Ice can be useful for clossraa m 
demcnstrotian of the fracturing af flint -like 
materials and protects the participants from 
1n1ury from flying pieces af natural material. 

(d) Resin: Resins may be used by students 
to practice pressure f I akin g, pressing off 
flakes and ta simulate small cores, etc . for 
determ ining the nature of fracture . 

(e) Starch: Starch hos much the same 
character as resin and microblades may be re
moved with the tip of a lead pencil. 

(f) Anthracite coal, Cold tar and Gilsinite: 
These are alsa materials that can be used ta 
I.how the mechanics af fracture . Th is list is 
incomplete and there are perhaps many other 
substances ond compounds that can be used 
for laboratory demonstrations ta show haw 
certain solids react to applied force . 

The foregoing evaluation af the attributes 
of lithic materials may aid the experimenter 
ond perhaps help the typalogist . It is not 
the purpose of the writer ta burden the pro
fess ion with on analysis af every scrap, d is
cord and flake, but only to point out some of 
the properties af lithic material that have 

s ignificance ta a stonework.er. This anal ys , 
is meant to create an interest in the Ston, 
Age materials and ta project some of th , 
essentials of lithic mater ial fo r toolmaki ng . I 
is hoped that an unde rstanding af materi o 
will create a new in terest in the scraps o 
stone found in campsites and profe ssiona 
digs . Perhaps flakes will have mare mean in, 
for the student other than just view ing then 
as a scrap af worked fl int -li ke mater ia l an , 
that, ultimately, these d iscards may someda \ 
help ta complete the p icture of the pas t . 

Il l 

A suggested list fo r app ra ising ma ter ia l· 
fol laws: 

1. Material: At the beg inning of Part I. 
is a li s t of various k inds of lith ic ma 
ter ial s inc ludi ng same seven g roup:. 
and subcla sses . Thi s list is for Iron 
complete and inc ludes only those ma 
teria ls with which I am famil iar. 

2 . Minerals: Minerals are made up al 
many-ites and the complete list ona 
breakdown will have to be left to the 
qualif ied minera logists. 

3 . Chemical Composition: This represen ts 
the proportion, the arrangement af , 
and the relation to, the different ele 
ments and campa unds involved in the 
materials useful for the flaked stone 
industry . 

4 . Refractive Index: This index is an ac 
curate method of ind icating the reflec
tion ond absorpt ion af light in solids . 
The refracti ve index should be much 
the same in degree as texture, how
ever, texture is a nly relat ive while the 
refractive index has a numerical value . 
Various minerals may have d ifferen t 
light-obsa rbing values that would have 
no bearing an texture. 

5 . Color: Color is an excellent aid in the 
init ial sort i ng of detritus, deb itage , 
flake assemblages and accumulations 
of materal rejects discarded by peopl e 
al the Stone Age. Certain distinct ive 
colors do afford a key to the pa ints o f 
origin even though the textures do no t 
always remain the same. 

6 . Source: The importance of materia l 
source has been previously discussed . 
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Tne charac ter of external flakes and 
discords con contribute much informa
tion regarding the source (oi so see No. 
15. Cortex ) 

7. Geographical area: The geographical 
area deals with the spa tial distributie,n 
of material from known quarry sites 
and the transportation and trade routes 
of certain (spec ial ) materials. If the 
dis tri bution is great , it would seem to 
ind icate a material of special quality 
for the flaked tool industry. 

8 . Geological Occurrence: Geological oc
curence con be useful when the ma
terial is found in place . Certain attri
butes, types of crystallization, textures, 
co lors and qualities may be a direct 
result of the geological nature in which 
it was fo rmed . The finding in situ of 
a deposi t of useable material will a id 
in a more accurate ident ification of 
material in question than will a flake 
fou nd on the surface. 

9. Light Transmiss ion: Light transmissir., 
is an important identifyi ng feature be
ing useful in determining the colors by 
a transparency rather than a reflected 
light. If a th in flake is moistened, or a 
thick flake broken to a sharp edge, 
and then held toward a bright light, one 
can see the degree of translucency as 
well as the mineral structu re . Wett ing 
of the su rface also se rves to bring out 
the true co lor of the reflected light and, 
at the same t ime, aids in revealing 
the structure which may be character
is t ic of that particular material. In 
the fi e ld , it is often difficult to deter
mine the difference between ignim
br ite and obsidian . But, if the thin 
edge of a flake is held toward a bright 
light, the difference may be noted. 
lgn imbrite is generally opaque, or has 
a very uneven distribution of coloring 
matter in the form of granules, while 
obs idian has a uniform distribution of 
color with d ifferent degrees of trans
lucency. 

10 . Texture: Texture is the most import
ant k~y to the workability of lithic ma
terials as it indicates the degree of 
crys tall izati on. Textures range from 
the ve ry glassy or vit reous to the more 
granular rocks. It can indicate : how 

much force is necessary to remove o 
flake ; whether it can be flaked by 
pressure or percussion; the sharpness 
of the edges ; and whether flakes of 
uniform dimension can be detached 
without the platforms or the flake col 
l a psi n g. The finer the texture, the 
greater the control in making flakes , 
blades and tools . 

l l . Edge Character: The edge character of 
a flake can denote how useful the 
material would be as a cu tt ing imple
ment and also its degree of textu re. 
The finer the texture , the sharper the 
flake . Too ls made of the fine-textured 
materials are useful for cutting soft 
materials, such a s leather, flesh , cord
age, etc . Finer-textured materials are 
also ideal for pressure f I akin g and 
where a sharp edge is needed for 
kn ives, blades, and projectile points 
For tools that will be subjected to rough 
usage, a material that has a coarse 
edge will be more satisfactory cis ,t 
has more toughness . Coarse textured 
materials, such as quartzites and bo· 
salts, are excellent for designing a 
tool meant for farming and cutting 
bone, antler and wood. An illustration 
of the differences of a sharp edge and 
a coarse edge is the conversion of a 
cryptocrystalline quartz by the use of 
the thermal treatment. For example 
agate, in its natural state, has en ir
regular edge and this is the result of 
the size of the microcrystals. In its 
natural state, it has much t oughness 
well suited for making tools which do 
not require the removal of long, reg 
ular flakes to produce an extremely 
sharp edge such as drills, per/orators, 
scrapers, etc which are designed to 
withstand twisting, shock and general 
severe treatment. However, if a th,n, 
well-formed knife with a razor edge 
is needed, one can be made from the 
same piece of agate if it is altered by 
heat -treatment from its original form 
to a material that has a very sharp 
cutting edge and is eas ily pressure 
f I a k ed. The sharpness of the edgt 
will ind icate a fine texture while the 
rough edge will indicate a coarse tex 
tured material. 
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12. Resistance to Shock: This resistance is 
one of the qualities of stone that only 
the stoneworke r of the post and a few 
present-day experimenters con f u 11 y 
appreciate . It is a paradoxical quality 
that is not entirely understood. The re
sistance to end shock is more notice
able in the technique of removing 
blades from a core, for one finds that 
certain materials can be compressed 
when struck by a hammerstone or a 
billet and will then expand without 
breaking the blade. Some materials do 
not have this resistance and, when 
a blow is delivered at the proximal 
end of the blade, there seems to be 
a transmission of force thereby caus
ing breakage. At present, this resist
ance is confined to certain groups of 
materials and this is apparently due 
to the intertwining of the microcrys
tals of the cryptocrystolline group. The 
quality of toughness is directly os-
10Cioted with the resistance to shock 
and this qua I it y prevents platforms 
which receive the impact of the blow 
from collapsing. Flint hos this quality 
but it is not found in volcanic glass 
(obsidian). Of all the minerals I have 
worked with, nephrite jade has the 
greatest resistance to shock and is the 
toughest . Jade is not in the list of 
l,thic materials because it is not one 
of the stones that can be flaked. It is 
mentioned only as a point of refer
ence. Toughness is the qua Ii t y of 
flexibility without brittleness or yield
ing to force without breaking. 

13 Elasticity: This is the property or abil
,ty to return to its original form when 
the force is released. It is this quality 
that is related to end shack, the obi I ity 
to recover with au t fracturing . Elas
ticity is included to avoid any possibil
ity of confusing this meaning with flex
ibility. 

14 flnibility: This is a term meaning the 
quality ta be bent, or pliancy or not 
being stiff or brittle. It is this quality 
that allows a person ta control and 
guide a flake over a curved surface. 
If it were not for this property of flex
ibility, there would be no convex or 
double-convex artifacts. Different ma
terials have different degrees of flex-

ibility. Heated cryptacrystalline min
erials and volcanic glasses have this 
flexibility to o greater extent than the 
coarser textured minerals. It Is diffi
cult for one not familiar with stone 
working to fully understand this pro
perty, but a flintknapper can control 
the flexing to an amazing degree. 

15. Cortex: This is the exterior surface of 
the mass before it has been shaped 
into a tool. Most materials have a 
natural surface layer that is sometimes 
sufficiently d istinctive to be useful for 
identifying places of origin. 

Cortex (the natural or unflaked 
surface) is used to ident ify mater ials 
useful for toolmaking . Examples ore: 
the partly silicified surface, or the in
completely mineralized exterior of 
nodules or masses of flint whether from 
chalk or I i m e s t a n e deposits; the 
bruised, abraded or naturally polished 
materials found in alluvium; glacial 
t ill or naturally transported deposits; 
surfaces retaining the impressions of 
cavities, voids, fissures, crevices and 
joints where silica-charged solut ions 
may be deposited or the external sur
face impressions left by organic ma
terials that have decomposed and their 
voids or casts replaced by siliceous ma
terials. 

16. Homogeneity: Denotes material in 
which the composition and the physi 
cal state are uniform throughout . Con
sisting of identical or closely similar 
material which may be a single sub
stance or a mixture whose proportions 
and properties do not vary. 

17. Heat-treatment: Whereby siliceous ma 
terials are subjected to the controlled 
thermal treatment and are, therefore, 
artificially altered, by man, to change 
their original structure to one that will 
lend itself more favorably to the pro
duction of certain stone implements . 

This process hos been described in a pre
vious article (Crabtree and Butler, 1964) . 
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Reprinted from Tebiwa, Vol. 10, No . l, 1967. 

NOTES ON EXPERIMENTS IN FLINTKNAPPING: 4 

TOOLS USED FOR MAKING FLAKED STONE ARTIFACTS 

By Don E. Crabtree 

We cannot fully explore the flaking tools 
r;I tht abor iginal without olso including a con
~rot,on of the implements used to secure 
lht row moteriol for the making of stone arti 
locl\ The mining implements ore most im
p.><tont , for they g ive a clue to the mining 
1«hn1ques. 

The quarrying and m ining of raw ma-
1t1,ol for art ifacts is an exacting and hazard
~1 1cb, because much strength is needed to 
~•, base large bloc ks of stone and the worker 
" often srruck by sharp flakes flying through 
"" o,r. The stone must be removed in Jorge 
tn.>ugh blocks to produce artifacts of adequate 
i.n and must not be subjected to battering 
Gf'<l bruising by indiscriminate pounding. 
(rocked , bruised, and weakened stone is not 
..AOble for the manufacture of artifacts and 
'""Al quarries give mute evidence of poorly 
~ and rejected material. 

Eoch source of raw material involves dif
ltttnl sets of problems. The mare massive the 
kd of material desired, the more difficult it 
• IJ remove and olso more difficult to protect 
tr,;,n bru,s,ng . If the raw material were found 
-" •~ surface, the problem of mining wos 
,,..,,,noted However, if the stone wos found 
• llhl, then an assembloge of tools had to be 
~gntd to mine it properly before it could be 
_._rd ,nto useful ortifacts. The quarrying, 
.,..i•ttring, blanking and rudimentory pre
'·""'"ll were done, generolly, by the use of 
~,stones. Wood, antler, bone or stone 
,,.1.1 . wedges ond scropers could also be 
-i 10 remove the overburden, expose cracks 
"" t.~sures in the lithic material and lay bore 
.,., ,rrtgulorities thot could be used as strik
"'il o, weog,ng platforms for mining with per
,~ tools. 

I ho,e done much quorrying for lithic ma
•<11 ond have used sledges, mining bors, 
~- 1ocks, and abandoned aborig inol tools 
.., tht work. After severol hours of strenuous 
_., I succeeded on ly in removing one or 
- ..noble pieces of stone. This hos con
•...C"1 me of the tremendous amount of 
•• ond ingenuity necessary to detach large 
tw.ft or pieces of usable material for the 

making of artifacts . When mining, the worker 
must either strike toward himself, or sideways, 
so that he is often hit by flying flakes Some 
of the large flakes quarried dur ing prehistori c 
times were twelve to fourteen inches long, si x 
to ten inches across and an inch and a hal f 
thick. 

Removing flakes of this size re qu i re s 
a heavy, shock-resistant hammerstone. The 
mechanical prob I ems involved in breaking 
aver a hundred square inches ( 108-210 cu . 
inches) of flint-like material could not be 
overcome by just using a hand-held hammer
stone. Three or four men may have worked 
together by attaching thongs to their weighty 
hammerstones. 

DIRECT PERCUSSION 

Percussion tools seen ot quarries include 
ovate, d iscoidal, lent icular, cylindrical, spher
ical, can i ca I, and bicanical shapes. These 
tools are found in many sizes. Various ham
merstone types are designed to fit certain 
phases in making artifacts or to suit certain 
types of mining operations. Their shape wos 
governed by the manner in which they were 
held and the specific type of work they were 
to do. The ovate, spherical , conical or bicon
ical tools were used to restrict the force of a 
blow to a confined area . A percussion tool 
with either a convex or poi nted working sur
face will make a well-def ined cone or o par
tial cone . The apex of the cone will be the 
same size as the area contacted by the per
cussor. The piece of material, called a floke , 
removed from either the core, or the artifact , 
will have, at its prox imal end, a remnant of 
the cone. The flattened apex of the cone will 
indicate the area contacted by the hammer. 
A fine definit ion of the cone will indicate thot 
a hard hammerstone was used. If the percus
sor is a soft hammer, it will contact more 
surface area and will conform with the sur
face being struck. This results in a diffused 
bulb of force. 

Discoidal and lenticular types of percus
sion tools are used on both cores and artifacts 
for striking a confined area such as a prepared 

- 63 -



platform. They ore held in a d_ifferent manner 
and answer a different functional need. The 
stone is held between the thumb and fingers, 
as one holds a saucer edgewise. The striking 
surface of the hommerstone is around the en
tire perimeter and it is rotated to insure on 
even uniform surface on the leading edge. 
Beca'use force is concentrated in this way, the 
platform is prepared by abrasion, or grinding, 
so it wi II not be crushed by the force of the 
blow. Flakes removed by this type of tool 
will show a different character on the proxi
mo I ends than those removed by other types of 
tools. 

It is common to find simple forms of 
scrapers at quarries and they ore usually mode 
on wide flakes of material obtained from the 
quarry . Their purpose may hove been to re
move soil from the overburden and to ex
pose crevices and crocks to assist in the min
ing operation. Abrading stones ore also found . 
These were used to remove the overhang from 
the top of the core face for platform prepara
tion , but such stones ore more commonly found 
some distance from the quarry . In such places 
it seems that the artifact was finished. 

Stone hammers were the chief tool used 
to mine the flint-like material. Selection of a 
hommerstone was not accomplished by in
discrim inately picking up the first cobble or 
rounded boulder that was ovoiloble, as the 
broken and utilized percussion tools found 
in a quarry would lead one to believe. Per
cussion tools used for mining, or tool making, 
ore usually of tough, granular stone which 
hos good resistance to shock and abrasion. For 
mining, they range in s/ze from three inches 
in diameter to as much as twelve and fourteen 
inches in diameter and they weighed from one 
and a half to as much as twenty or thirty 
pounds. For toolmaking, hammers vary from 
one to four inches in diameter. For blade 
making they ore of various sizes; from the 
very small for microblode removal to the very 
large for detaching bigger blades. Hammer
stone size is related to the dimensions of 
the flake being removed. Percussion tools ore 
of both hard and soft stone, depending on 
what work is to be done. Selection must in
clude size and material to suit each purpose. 
Normally, hommerstones ore selected from 
woterworn boulders or cobbles. They ore then 
used in their natural form, or slightly altered 
to fit the specific problem of the mining of 

the quarry or of fabricating the artifact, 
whichever the case may be. (Fig. 1 o-d) . 

Hord stones ore normally those with a 
high silica content, such as agate, flint and 
chert nodules, cholcedonic rocks, and certain 
types of hard basalts and rhyolites, diorites, 
ondesites, quortzites, and others of this ge~ 
erol consistency. These ore useful to induce 
great shock with o minimum amount of vel
ocity. This is important when removing large 
flakes from the ground moss, and also for 
rough preforming. 

The shock from the hommerstone to the 
artifact becomes critical when the area of the 
flake to be removed becomes greater than 
the cross-sectional area of the object, and 
some artifacts reveal only o port of the scar 
because of the overlap of subsequent flakes . 
Thinning of artifacts to this degree required 
a different technique other than those merely 
hand-held and struck with o hommerstone. 
Direct percussion with o hommerstone has 
certain limitations of accuracy and, even with 
soft hommerstones, the shock on the artifact 
is excessive. This shock factor may be portly 
overcome by the use of different types and 
sizes of percussion tools. The hafted hammer• 
stone, or billet, affords o partial solution ta 
this problem by allowing the speed of the 
percussor to be increased. Critical thinning 
requires o change in tools and methods. Far 
excessive thinning, it is well to use a billet or 
to design o suitable hafting for the percussor 
and make o proper isolat ion of platforms. (Fig. 
I d-h) . 

Percussion tools mode of softer stone, 
omler, horn, bone, ivory and wood, ore useful 
for removing smaller flakes and blades and 
will not bruise the material. Agate homm~
stones used on obsidian will cause shattering, 
collapse of platforms, induce unseen stresses 
and will render the material useless. A softer 
percussor will not hove these ill effects. How
ever, some hard hommerstones will become 
softened from repeated use unti I they hove 
the some qualities as o soft hommerstone. 
Softening is caused by overlapping cones an 
the point or edge of the hammer. 

It is important that the percussion tool 
be of o material other than one that hos the 
vitreous qualities of flint, agate, chalcedony 
or those with o pronounced conchoidol frac
ture far, upon impact, they will project flakes 
toward the user causing cuts and injury. How-
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ever , when no other material was a vailable , 
hammerstones of flint-like mater i a Is were 
u1ed . Flin t- like hommerstones were usuall y 
d,1co,dol and doubl y convex, with the edges 
battered and ro unded around the entire per
imeter . The rounded edge gives a resistance 
ta breakage not found in on angular piece . 
A hommerstone of flint -like materia l is much 
mere difficult to central, for it causes ex
cess ive shock to the material being mined , or 
worked. It is almost impossible to ovoid shat
tering of the art ifact or row mater ial. A hom
merstone of such material will break just a s 
easoly as the raw material or the artifac t . If 
the hommerstone is hand-held, it may col
lapse and cause injury to the worker 's hand . 
There ore, however, areas such as portions of 
Utah Northern Arizona and New Mexico 
wher~ material for good hammerstones is 
l,mited because of the Permian sediments, 
and the aboriginal hod to resort to the use 
cf cholcedonic types of material for percussion 
reals . Semetimes aborigines in that area used 
dinosaur gostroliths. 

Percussion hammerstones con be in a va
riety of shapes and si zes, but size and shape 
must be in relation to each mining operation, 
or with each technique in the stages of pro
duction of a stone tool. Hommerstones nor
mally graduate in size from large to small as 
the flaking work progresses. Large, heavy 
hammerstones ore necessary for the quarry 
work, smaller percussion tools being used as 
the artifact nears completion. Many artifacts 
were finished by the use of the hommerstone 
alone. 

In addition to hard and soft hommer
stones, percussion tools ore of antler and other 
organic materials . Antler is carefully selected 
!rem prime antler of the caribou, moose, elk 
or large deer . Old, dehydrated, weathered an
tler is entirely too brittle to use as a tool. 
The bulbor end of the antler is the ideal por
tion to use for percussion work, since it is 
r.omposed of both bone and antler with none 
of the scft spongy interior found in the bal
ance of the antler. It hos more weight and, 
therefore, imports better balance to the bil
let . It is best token fresh from the animal, 
as the shed antler loses much of its moss . The 
initial cut should be made close to the skull 
and then cut about ten to twelve inches from 
the burr . The extension of the antler provides 
the handle . The base and large ports of the 
antler ore used for percussic;m work (Fig. 1 

e-g) and the tines are excellent for pressu, 
flaking (Fig 2b, 3a and f). 

The amount of spongy bone in the inter i, 
of the antler var ies with each animal a n 
each species hos ant ler of di fferent qualit , 
For example, the antler of caribou hos 
thinne r but tougher exte rior than that of th 
elk, moose, o r deer . The tough exterior of th 
ca ribou antler makes it ideal for use as a bil k 
for percussion work, but some are undu l 
light . When heavy percussion work is r <: 
qu ired , the bases of the ant ler ore best. Th . 
base of the moose antler is straight and som 
moose antlers ore very heavy, enabling th . 
worker to remove large blades from a core . 

Percussion tools of antler and other o , 
ganic materials may be used as the strik<: 
em p Io y in g two different percussion tech 
niques . 

I . The worker holds the section of antler , or oth l 
mater ial in the hand in the some manner a s o n• 
ho lds the unhofted hommerstone; i.e ., held vc r 
t ico lly by the fingers . Pe rcussion tools he ld 11 

this manner ore used primarily fo r mak ing bla<l1· 
or removing flake s fr om o core . These rools or, 
no rmally shorter a nd heav ie r than the b il le t. T h, 
ends, not the sides or comers, are used. 

2 . Ant ler is used in the b illet technique, i.e ., th, 
percussor is he ld ot one end in the manner 11 

which one holds a hamme r handle . 

When the antler is usi:d in the some ma n 
ner as a hommerstone, it eliminates the en, 
shock to a degree not possible with a hammer 
stone, and a very forceful blow may be de 
livered without bruising the edge of the core 
There is also on absence of incipient cone, 
when repeated blows ore delivered to a cor< 
by the antler billet and the flake scars a« 
more diffused than when using the hammer 
stone. 

After good material has been securec; 
either from the surface or by quarrying, th , 
next step is to reduce the blocks or boulder · 
into either core tools, flakes or blades . Th i· 
was done by both the writer and preh istor i, 
man with the use of stone percussion tools 
My experiments incorporate the use of th , 
anvil to support the rough lith ic mater ia l. Th, 
anvil is used when quartering the rough mo s· 
of material as well as when removing lorg, 
flakes and blades . The use of the anvil is no , 
as the name would imply. One normally thin k· 
of an anvil as an object on which metals on 
pounded and shaped . In flintknopping, th, 
anvil is used to support the material and pro 
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vide inertia for the artifact. The blow must 
not be directed towards the face of the stone 
anvil ond through the lithic material, for the 
blow will be opposed by the anvil and the op
posing forces will either cause shattering or 
will induce strains in the mo•erial, rendering 
it worthless. The blow must be applied in 
such o manner that the force will be de
flected away from the resistance of the anvil. 
This causes a shearing effect from the oppos
ing forces, yet they ore not in direct oppositon. 
The immobiliz~tion of the lithic material on 
the anvil allows the stone to be cleaved with 
the appli~ .tion of o minimum amount of 
force . 

The shape and conformation of the anvil 
must suit each specific function, whether it 
be used as a simple support, or to strike 
ogoinst when using the block-on-block tech
nique. When this technique is used, the anvil 
must be hard and resistant. Anvi Is con be of 
mediums other than stone. They may be of 
antler, bone, horn, wood and materials that 
ore semi-yielding . Prehistoric people probably 
mode use of anvils for quartering and for 
blade and flake removal. These are some
times hard to recognize in the debitoge, for 
they ore usually of the some material as that 
found in the quarry. 

By using a hommerstone, these blocks, 
nodules, or masses of material are then formed 
into blanks, later to be made into preforms 
ond ultimately finished into artifacts. The 
hammerstone is used to pare all of the un
desirable material such as cortex, inclusions, 
vugs (crystal pockets) and improper texture 
from the blank. The blank is now ovate or 
must be further reduced to the stage of. o 
disco id o I, thick and excessively heavy. It 
must be further reduced to the stage of o 
preform which con be transported to the place 
of occupation for the final finishing. The pre
form will be larger than the finished artifact 
but the general shape will be roughly the form 
of the completed tool. There is little evidence 
that all the stages of artifact manufacture 
were completed at the quarry site, for rarely 
is the quarry o suitable place for the time
consuming work of flintknopping . It appears 
that the aboriginal preferred to rough out 
blanks and preforms at the quarry and do 
his finishing under the more comfortable 
cond itions of the campsite. There is some evi
dence, however, that large bifociol artifacts 
were mode ot the quarry. 

Billets, rods, clubs, or hafted tools may be 
of soft stone, antler, wood, horn, shell, ivory 
or bone. 

I first become aware of the use of billets 
in 1938 when, with the late Dr. R. A Stir
ton, I was doing some poleontologicol recon
naissance work for the University of Cali
fornia. We were comped at o ranch which 
hod been established in the early seventies in 
the vicinity of Walker Lake, Nevada. The 
elderly owner told of the Poiutes who hod 
lived there when he was o boy. Any hard 
wcod left unguarded would be token by these 
Indians, and the spokes of the buggy wheels 
and tool handles would constantly disopp~or. 
The Indians told him that they used this 
hard wood in the making of stone knives. 
The rancher hod never observed them mak
ing the stone knives, but he said they did 
use what he called "flint spikes" for their 
arrows. When we later found o deposit of 
obsidian in Northwestern Nevada, I was able 
to try the wooden billet technique. I applied 
the handle of my prospector's pick to the 
obsidian and was delighted with the results . 
Prior to this, I hod always used the hand-held 
hommerstone as my percussion tool for rough
ing out o preform and then resorted to hand
held pressure for finishing. The woad billet 
worked very well as a tool for the intermed
iate thinning stage. Whereas the hammer
stone mode artifacts with well-defined bulbs 
of percussion, the woad billet allowed the re
moval of wide, thin flakes with a very diffused 
bulb of force. The billet struck flakes hod 
much the same character as some of the 
prehistoric ones. This also led me to con
sider the technological patterns related to the 
tools used in the manufacture of artifacts. 
Since then, I have found very distinct flake 
types that may be related to both tools and 
technology. 

INDIRECT PERCUSSION 
The use of indirect percussion involves the 

use of an intermedigte tool to receive the 
force of a percussion implement. This allows 
the force to be projected through the inter
mediate tool to the pre-established platform 
on the artifact. Indirect percussion allows the 
operator to keep the angle constant and to 
accurately place, with control and precision, 
the tip of the intermediate tool. This method 
allows and produces uniform flake removal. 
However, indirect percussion, does present the 
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....orker with the problem of holding the pre
formed material. For good results, two persons 
ore required : one to hold the artifact and the 
other to hold the punch and strike. The in
termediate tool may be composite, or of the 
,ome material. The punch may be of antler, 
horn, stcne, wood, ivory or metal (Fig . 1 g, 
2 b & c, 3 o). The percussor may be a rod, 
billet, club of wood, or hafted stone hammer 
iF,g. 1 d-h) . The anvil or support must be 
of materials with sufficient resiliency to sup
port the artifact without causing shock. If 
the material of the anvil is too hard it will 
crush the contact point of the artifact . Anvil, 
or support, may be of soft sandstone, wood, 
Jntler, or a pod of fiber, bark or hide may be 
placed between the artifact and the support 
10 further dampen the shock. Indirect per
cussion may be accomplished with or without 
the use of the anvil, however, when the anvil 
11 used, a flatter flake is produced . 

Holding devices suffice as a poor substi
tute for a second person . Since holding devices 
•ere, no doubt, mode of wood and lashings, 
no records remain except the information given 
by the early writers, Catlin, Sellers and Tor
quemada . There are many designs for clomps, 
-,ses and securing mediums and they ore lim
ited only by the individual's ingenuity (Fig. 
2 a) . 

The use of the indirect percussion method 
by aborigines concerns the writer because of 
the apparent lock of evidence of the inter
mediate tools. My experiments convince me 
that this method is very useful in certain 
11ages of the making of flaked stone artifacts . 
However, the only real evidence I hove ever 
~en of prehistoric man's use of this method 
,s the tools shown to me by Dr. Luther S. 
Cressman . These tools were made from sec
t,ons of antler cut near the base of the skull 
01 right angles to the long axis of the antler. 
These were about one and a half inches in 
length and were cylindrical in shape. The peri
meter cf one edge of the cylinder was placed 
en the lithic material and then struck by an
other implement. The scars also indicate that 
,t was rotated ta provide even wear on the 
~rface end which contacted the artifact . 

The indirect tool provides a larger surface 
orM to receive the blow and, therefore, force 
con be delivered with greater intensity and 
more velocity, thereby producing flatter 
flakes. 13y flatter, I mean a flake with less 

curve . This tech n i q u e also terminates the 
flakes at the distal end without margin, or 
what I coll "feathering", without hinge or 
step-fractures. 

The indirect tool has proven to be most 
useful for the removal of large blades from 
cores. One tool used for this method is a 
wooden chest crutch with a projectf()('l on the 
distal end which receives the blow. The chest 
crutch used by one person is o pressure tool, 
but if o second person strikes a projection 
on the crutch, it then becomes an intermediate 
tool. The tip of the crutch is placed on the 
core, or artifact, ond the first person applies 
pressure with his chest to the proximal end 
of the crutch, while the second person simul, 
toneously strikes the projection at the distal 
end of the end of the crutch . This method al
lows the worker to exert both downward and 
outward pressure, while the second person 
delivers o blow to the crutch with o billet, o r 
percussion implement. This some type of crutch 
tool is used for making polyhedral cores, but 
pressure alone is used . The chest crutch hos 
proven sati sfactory for removing the channel, 
or fluting flakes in replicas of the Lindenme ier 
type Folsom point (Crabtree 1966, Fig . 13 , p. 
27) . This type of tool is also used, and good 
results obtained, on large bifaciol artifacts. 
However, two persons ore required for this 
method, the first person to apply pressure to 
the crutch and the second person to reposition 
the artifact and hold it in the proper posi
tion ofter each flake removal . Should the ap
plied pressure be insufficient to remove a 
flake, then the second person may assist by 
striking the projection at the distal end of 
the crutch. 

If a second person is available, the artifact 
moy be hand-held by the second person 
against two wooden pegs driven into a log . 
The second person may also hold the arti
fact edgewise against two stakes secured in 
the ground, sufficiently close to support the 
artifact, yet providing space for the pressure 
crutch or ind i rec t percussion tool. When 
stakes are used, a piece of woad, or· sim ilar 
material, must be placed flat on the ground 
between the stokes to support the artifact and 
prevent it from being driven into the ground . 
Because this technique requires two persons 
and I have had no one available to help, 
there is still need for further experiments. 
When two persons are not available, then 
blades can be removed from a core by using 
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/ 
th is same method, but substitut ing for the 
secc nd person, a suitable clamp or holding 
device. 

The materials of the indirect percussion 
tco l are very important for successful flaking . 
Tips must be of a material that will withstand 
the shock delivered by the percussion tool, 
for the tip of the tool has a tendency to col
lapse, or disintegrate, from repeated impact 
with the stone. The t ip of the intermediate 
tcol must be blunt to provide greater strength 
and to withstand the shock of sudden impact. 
The tines of deer and elk antler are useable 
as tips, but are short-lived for they must often 
be repainted as they become soft or split 
from use . 

The use of stone for an intermediate tool 
has both advantages and d isadvantages. The 
stone selected must be tough and be suffi
ciently hard to withstand the impact of the 
percussor. If the intermediate stone punch 
is used unhafted, its size leaves little space 
for plac ing and holding it on the artifact or 
core. The stone tool also creates more shock 
waves and a more pronounced bulb of force . 
Hafting of the intermediate stone tool aids in 
dampening the shock and prevents injury to 
the exper imenter's hands. 

The use of bone, either hafted or un
hafted, for an intermediate tool has not proven 
very satisfactory, for it splinters and breaks 
when subjected to shock from the percussion 
implement. 

The use of hard wood is unsatisfactory 
and does not lend itself to this particular 
technique fo r the wood will dissipate the force 
of the blow and it also splinters excessively. 

Ivo ry is one of the best materials for 
making tips for the punch for it is resistant 
to spl intering and breakage and it does not 
slip or soften as easily as antler. 

Copper tips have proven to be one of the 
best materials for this type of experimenting . 
They, too, need to be resharpened often, as 
they become blunt in a short time, but they 
do reta in their point longer than antler . The use 
of copper as a tool was probably limited to 
a small group of aborigines in the New World 
and did not play a large part in stoneworking. 

PRESSURE TOOLS 
Pressure tools are used to apply force to 

the perimeter of an artifact to detach, with 

accuracy and prec,s,on, flakes from the sur
face and, ultimately, design a functional tool. 
The percussion methods do not allow the 
degree of control and duplication of precision 
flakes that one can achieve with pressure. 
Pressure flak ing permits the worker to con
trol each individual flake, thereby producing 
an art ifact that is regular in form, with a 
sharp cutting edge. 

Pressure flaking implements used to alter 
stone from the rough to the finished artifact 
are made of many materials and are of num
erous forms and various sizes (Fig . 2 b-d, 3 
a, b, d, f-j) . Size of tool varies depending on 
stages of fabrication of the artifact . Pressure 
tools may be made of antler, bane, ivory, fresh
or salt-water shell, hard wood, metal, seed 
pods (nut shell) , teeth and parts of tooth 
enamel, stone (flakes, blades), pebbles, nat
ural crystals, jade, and flaked stone pressure 
appl icatars. I suspect that what the flaking 
tool was made of was governed, to a certain 
extent, by what material was available, what 
type of work the tool was intended to accom
plish, the type of material being worked, and 
what techniques were being used. The type 
of materials chosen and the design of the 
tool depended on what steps of manufacture 
the toolmaker intended to accomplish and on 
the planned design and size of the finished 
artifact. 

The materials of which pressure tools are 
made are important: first, because of. their 
availability; second, because of the choice of 
the individual or group preferences; third, be
cause of the skill with which they were used; 
and fourth, because of the desirable qualities 
of the materials used for pressure tools . The 
material of the pressure tool is responsible, 
to a degree, for the technique and character 
of the completed artifact . Techniques used 
are pertinent to the material of the tool, for 
the different qualities of pressure tool ma
terial vary. Some lack strength and must be 
des igned to overcome this weakness, result
ing in a bit of greater dimension. Other pres
sure tool material has the ability to adhere 
to, and not slip on, the artifact . When slip
page does occur, the platform must be re
designed to overcome the tool inadequacy and 
th is results in a distinctive flake scar. 

Antler is one of the best materials for 
making tools for pressure work. (Fig . 2 b, 3 a 
and fl . Its only disadvantage is that the t ip 
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must be constantl y sha rpened to keep the 
po int uni for m. Ant le r is also vor ioble in qual
ity, de pend ing on the genus and speices, the 
diet of the an ima l, the rate of growth, the 
colci um conten t, and on wh ich par t of the 
ont ler is used for t he too l. It is impo rtan t 
that the antler be free of natural oils and 
greases and it can be c leaned by soa ki ng in 
wet wood ash . Degreased antler will provide 
tract ion between the tip of the pressure tool 
and the edge of the artifact. When us ing d if
ferent med iums in my experiments, I find 
that ant ler, because of its ha rd structure 
resists abrasion, yet is soft enough to prevent 
crushing at edges. This allows the plat fo rm 
and the flake to be removed together, wh ich 
!eaves a razo r-sharp edge on the artifact . 

Bane pressure tools are usually more brit
tle than those a t ant ler (Fig. 3 b, g-il. Bones 
from d ifferent mammals, birds, reptiles, and 
fish have var iable qual ities, depending on 
wh ich part of the anatomy they represent . 
Ribs, it they are large enough, are preferable 
ta the long bones but, unfortunate ly, these 
are not readily available and often one has to 
resort to the use of the limb bones (F ig . 3 hl. 
Bane also must be degreased so it will provide 
more t raction between the t ip of the pressure 
too l and the material being flaked . A polished 
t,p is undesira ble. The more abraded the t ip 
of the pressure tool becomes, the more firml y 
it may be seated on the platform without s lip
ping. Bones wi th polished t ips were not pres
sure flakers , but probably served as awls . Bone 
too ls for certain p ressure work can be made 
from the whole bones just as they are taken 
from the an imal and they require only a 
slight amount of shaping . The spl ints, two 
on each side of the cannon bone of a horse, 
are solid and pointed. If the d istal end is 
abraded s lightly, a splint makes a good tool 
for light retouch (Fig . 3 i) . The pen is bones 
of certain carnivores, such as wolf, bear, seal, 
etc. are even better than the splint of ho rses 
and similar mammal s because they hove a 
greater diameter a nd require little or no re
shaping (Fig. 3g). The long bones of mammals 
should be cut lengthwise, either by scoring 
deeply and spl itt ing , or by sawing . Cannon 
bones can sometimes be split by tapping a 
ch isel along the backside of the bone. The 
bones of birds and fish are usually too brittle 
and light for any use except notching and for 
light pressure retouch. 

Ivory constitutes the greater part of the 

tusks of certain mamma ls such as the e le
pha nt, walrus , h ippopotamus, mammoth, a nd 
the na rwhal . It has proven to be a very sat is 
facto ry medium for f lak ing fli nt-l ike material , 
but it , too, ha s many grades and qua litie s 
Ivory makes a ve ry goad pressure too l for it 
is fine grained, elastic, a nd withstands abra 
sion . It is stronger than bone and not a s brit
tl e . The best grade of ivory fo r pressure tools 
seems to be that from equato rial Afri ca . It 
seems to be more durabl e a nd have more e la s
ticity than other ivory. Ivory resists shock and 
splinter ing better than e ithe r antler or bone . 
Walrus ivory is also very good, particularl y 
that near the tips of the tusk. It is also in
teresting to note that ma ture adults provide 
the best ivory. Ivory from the hippopotamus is 
ideal for the t ip of the chest crutch, such a s 
that used for the removal of blades from the 
po lyhed ral cores . It appears to be harder than 
that of the elephant, mammoth or walrus, and 
it also resists slipping . Appa rently this is due 
to a lack of natural oils . 

The use of mammoth ivory for my stone
working experiments has been limited to a 
s ingle section at fossil ivo ry tusk from Sibe ria . 
It has proven satisfactory for pressure touls, 
but is cons iderably more b ritt le than tha t of 
the recent elephant . Possi bly this is due to 
dehydration as we ll a s a loss of oils . To date , 
I have not had an opport unity to exper imen t 
with the tusk of the Narwhal but feel it prob
ably played little or no pa rt in the stonework
ing industries. 

My favo rite material for o tool is hard 
drawn copper. It was also used to some extent 
by the Hopewell ia ns (Shet rone , personal com
munication, 1940) and the Mesoomeri cans 
(Museo Nacianal de Ant ropolog ia de Mexico, 
D. F. contain s archaeological spec imens 
wh ich illust rate this ). The limited supply may 
have prevented widespread use . There may 
be some apposition to the use of metal in ex
periments . However, my concern when expe ri
menting has been to reso lve the behavior of 
flint-like mater i a Is unde r percuss ion a nd 
pressure and the metal tip saves re pea ted 
sharpen ing and increases the number of ex
periments that can be done in an allo tted 
time. Time and uniformity of too ls are import 
ant factors in conducting exper iments . Since 
the metal produces the same results as the 
antler tine, it is substituted merely as a t ime
saver. I have conducted sufficient experi
ments over the years using every conce ivable 
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tcol moteriol to prove the parallel results of 
each; a nd the mechanics of working the stone 
remai n the some when subs t itut ing copper for 
the tip (Fig. 2 c and d, 3 d) . Hord drown cop
per hos quali t ies not fo und in other metals. 
The degree of softness of copper closely re 
semb les that of antler or ivo ry. This is im
po rtant, fo r it allows the fl inty material to 
be slightly imbedded in the copper so the 
tea l will not s lip . This permits the flaker to 
remcve a n edge without c rushing, so thot it 
rema ins sha rp. When placed a n a platform, 
the rnppe r t ip will let the worker apply both 
inward a nd downward pressure . In summary, 
ceppe r pressu re tools o re eas il y sharpened, 
they resist s lipp ing, a nd they hove sufficient 
tensi le streng th for most experiments. 

Sof t iron and bron ze o re a lso satisfactory, 
but brass and a lum inum, known to engravers 
os a d ry me ta l, o re much too slic k. They ore 
ment ioned here only because I hove tested 
them, bu t I doub t they were eve r used by na
ti ves . Too ls mode cf bronze, brass and alum
inum hove a tendency to s lip . Iron may be 
used fe r pressure too ls if it is soft or hos been 
slightl y a nnea led. Cost iron ond steel ore too 
hord to a llow the stone to be imbedded in the 
tocl. The resu lt is slipp ing and crushing of 
the edge of the artifact . 

Certai n seed pods such a s coconut, block 
walnut and poss ibly others of a hard durable 
she ll con be used for pressure flaking . I pre
fer coconut she ll among these materials . · Its 
fiberous nature is different from that found 
in most wood . Hord wood is very useful as a 
pe rcuss ic n too l. However, when used for pres
sure wo rk , it ra pidly loses its shape and be
comes spl inte red and soft. Ebony hos proven 
the mos t sati sfactory for pressure work, how
eve r, there may be many other woods ·of 
greater hardn es s and durability. When a 
weoden too l is used for pressure retouch, the 
t ip cf the too l must be placed well bock from 
the edge of the artifact . Th is is done to pro
vide o g rea te r bearing surface on the wood, 
c the rwise the stone will be imbedded deeply 
in the weod so that a flake will not be re
moved . 

Shells of mollusks, both fresh and salt 
wate r vari eties o f bivalves and uni valves, can 
be used fo r both percuss ion and pressure 
too ls (Fig. 3 j) . Shell hos both the hardness 
a nd texture nec essary for pressing off flakes . 
However, shell must be selected from the 

varieties that ore of the correct shape and 
thickness. Composition of shell is variable 
and the denser varieties ore better. 

Teeth make a good pressure tool' for re• 
touching on artifact . The use of teeth gives 
much the same results as pressure work done 
with nutshell. Mammal teeth consist of den
tine and enamel and, in some coses, ivory, 01 
previously mentioned. The usable port of the 
teeth is the enamel . The teeth of most mam
mals ore class ified as incisors, canines, pre
molars and mo lars; but there is a va st differ
ence in tooth structure and s ize among mam
mals . Incisors of some rodents may be used 
for pressure work, particularly for fine re
touching, serrating and notching. The incisors 
of beaver, marmots, and other rodents ore 
well suit_ed for th is kind of pressure tool. The 
can ines of the many carnivores provide an 
array of sizes that may be used for assorted 
pressure tco !s. The sides of molars from the 
large varieties of ruminants ore well suited for 
notching tools . But, because of their brittle
ness, tools mode from teeth must be used with 
care and their use is limited to the removal of 
small flakes . One exception to this rule is the 
tooth of the sperm whole . This tooth seems to 
be midway between ivory and the enamel 
from a normal tooth and I prefer it over other 
teeth for flaking tools . Sperm whole teeth ore 
not unduly brittle, they ore forge enough to 
form a variety of pressure tools, and they con 
be compared favorably to the qualities of 
antler and ivory. 

Stone may be used as a pressure tool for 
applying pressure to the edge to resharpen an 
artifact . However, stone upon stone will sl,p 
and, therefore, it is difficult to use this as o 
tool and still control and duplicate flakes . The 
use cf pebbles will result in a dist inctive flake 
scar. Such scars are usually overlapping and 
of assorted dimensions . Jade is one of the 
toughest and most satisfactory to use as o 
pressure tool. However, it is expensive and 
ne t readily obtainable. My experimental tools 
of stone hove been of jade, crystals of quartz 
and sapphire, flakes and blades of fl int -like 
materials and a variety of pebbles of assorted 
composition. Pressure tools range from the 
very simple to the more comlpex . The simplest 
known tools would seem to be the pebble tools 
used in Austral ia and described by Norman 
Tindole ( 1965). He hos observed the obor• 
igines using the ir teeth to sharpen stone 
knives for use in the circumcision rites, As 
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mentioned above, i have found tooth enamel 
ro be a sotisfoctorv medium for pressure flak
ing and hove often used the exter io r plates of 
enamel as notching tool s in the making of 
project ile po ints . Tindole refers to the use 
of pebbles for removing pressure flakes by 
hand-holdi ng the pebb le and rolling or press
ing ,ton the edge o f the artifact . I hove tried 
this techn,que and nave obtained satisfocrory 
results . 

The most complex pressure tool s are prob
ably those used by the Eskimo. They o re mode 
of ivory, ant ler and horn and hove rep loce
oule bits (Fig . 3 b). The bits serve a duo! 
purpose, with one end for shaping and edg
ing. the other for notching. Me lgaard (pe r• 
'.h?no l communication, Nov. 1964) has found 
rhe bits, o r pressure tips , to be mode oi iron, 
oronze, ivo ry and bone. Bone is most common, 
usually being the ri b of the wal rus. Ri b bone 
,1 harder and m o re flexib le than that of the 
long bones and, the refore , mo re satisfacto ry 
O! a tool. The Eskimo des igned a hand-held 
pressure tocl which conformed to the worker's 
hond and provided suff icient hand surface 
contact to ovo id unduly t iring the flak ing 
hand. 

Two other types of hand-held pressure 
tools from the Arctic are noted and described 
by George MacDonald of the National Mu
seum of Canada (personal communication) 
"Those from the Western Arctic, around 
Norton Sound, are mode in two pieces; they 
ore elbow shaped and fit into the hand. They 
ore very comfortable to use and allow much 
pressure to be exerted. They are mode of a 
variety of material from wood to musk ox horn 
and bone . The flak ing bit is invariably of 
1VOry . I have not seen any of metal, but our 
wmples are from a restricted area and time 
lea 1886). The second type is from the Hud
wn Boy area collected in 1907-9. They are 
mode of a single piece of caribou antler. 
They ore generally larger than the Alaskan 
type and ore held in a different manner. They 
also hove cuts on the shaft to ho ld a pod of 
leather in place. Some ore now missing this 
pad. The tips of these specimens ore also gros
ser than on the Alaskan specimens and may 
hove served slightly different purposes. It 
does not appear that fine retouching could be 
accomplished with them" (National Museum of 
Canada, Specimen numbers IV-C-5 I I, IV-C-
51 lo, IV-C-516, IV-C-5160, fV-E-204, IV-E-
205, IV-E-206, IV-E-207), 

MacDonald hos observed the d ifferences 
in construct ion and holdi ng methods . I om 
sure that a study o f artifac ts produced by 
these tools would show d ifferences in the 
methods of flake removal. Different type of 
pressure too ls and different methods of hold
ing will produce identif iable surface choroc 
terstics that may be traced in time and space. 

Leather, hide, or skins ore very useful in 
the stoneworking industr ies, fo r they provide 
a means of protecting the worker 's hon~ A 
protec tive material is most necessary for the 
le ft hand when one is doi ng hand-held pres
sure work . My favorite pod fo r the left hand 
is mode from a piece of leather cut from the 
neck area of the Plains bison. It is thick , 
yet soft enough to conform to the palm of 
the hand. Leather is cut to fit the palm o f the 
hand and a hole is provided for the thumb 
(Fig . 3c) . I al so use lea ther a s a dampening 
a gent to reduce shock to the artifact . Str ips 
of hide ore used to serve the hand les o f the 
p ressure too ls and rawhide and sinew ore used 
to secure the tips to the handle (Fig . 3b) 
Pods of leather, o r hide, ore also use ful for 
pro tec ting the limbs for both percuss ion and 
pressure work. 

SHOULDER CRUTCH 
The shoulder crutch is used for pressure 

retouching and for the removal of small blade
lets from cores. The crutch is of wood and 
designed with a cross piece to rest against 
the shoulder with staff about 14" to 18" long 
(Fig . 2d). A suitable pressure tip is attached to 
the distal end of this staff . The length may 
be variable , to suit the comfort and size of 
the individual worker. Use of the crutch al 
lows the flaker to exert the greatest amount 
of pressure when hand holding on artifact. It 
enables the worker to take advantage of the 
leverage between the shoulders and the knees . 
This, in combination with us ing the musc les 
of the legs and thighs in opposition to the 
bock and shoulders, creates many times the 
amount of force that con be obtained with a 
simple hand-held pressure tool. This me thod 
allows the amount of applied force to e xceed 
the weight of the worker. To measure the 
amount of force, I hove placed a small ba th
room scale between my knees and put the 
tip o f the crutch on the scales and the cross
piece of the crutch aga i nst my chest o r 
shoulder. I was able to exert a force of 300 
pounds, yet I weigh only 165. This too l is 
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most useful for retouching large bifacial arti 
focts by means of pressure alone. 

ABRADING TOOLS 

The uses of abrading and grinding ma
te rials are endless. They are used to sharpen 
the tips of the pressure tool and for grinding 
the edges of art ifacts for platform prepara
tion. The bonding of the abrasive, the fine• 
ness or coarseness of the grains and their 
hardness make them suitable for this pur
pose. 

Material for abrading tools can be of any 
substance with loosely adher ing grains of sand 
or of volcanic tuff . The substance must be 
soft enough to allow the grains to loosen as 
the abrasive becomes dulled. This prevents 
the pores of the abrasive material from clog
ging and glazing . This is most important when 
grinding antler, bone, ivory, cir tooth enamel. 

When the pressure tool is being ground 
and sharpened, it is pushed, pulled, and ro• 
toted ac ross the abrading stone, preferably 
a · loosely cemented sandstone or volcanic tuff . 
This type of sharpening results in groves being 
worn in the abrasive stone from repeated use 
(F ig. 3e) . Sometimes these functional scars 
are erroneously called arrowshaft smoothers; 
however, from grind ing, the base of the 
grooves is usually semi-concave or an inverted 
boat shape, whereas, arrowshaft smoothing 
scars are parallel the entire length of the 
abrading stone. 

Abrad ing tools used for platform prepara
tion may be of a much harder mater ial, as 
fl int- like material does not clog the pores 
of the abrading stone, but only dulls the abra
sive gra ins . As the gra ins become dulled, a 
new fresh area may be used . 

Afte r repeated use of the abrading tool, 
mult iple parallel cross-hatching lines, or slight 
grooves, will appear on the surface of the 
too l. Sometimes they will resemble an over• 
lap of lines such as those we are familiar 
with in the game "tic, tac, toe" . These scars 
resu lt from exposing new abrasive surfaces on 
the whetstone. 

LEVER 

The use of a lever as a pressure tool re
cei ved scant mention from early observers 
(e.g., Catlin, Se 11 er s and Torquemada) of 

aboriginal flintworkers . Yet, the use of levers 
and fulcrums must have played some part in 
the stoneworking industries. Since the materials 
from which the levers were made were not of 
the quality to withstand fire, or the ravages 
of time, there is much lack of evidence of 
their use. I find the use of the lever to be 
most important in resolving the mechanicol 
behavior of flint-like materials. I have used 
this device primarily on cores to interpret the 
amount of force and the relationsh ip of the 
downward and outward pressures for removal 
of blades under controlled conditions. A de
ta iled account of my results with this device 
will be given in another place. 

WEARING OF TOOLS 

There are definite holding patterns of pres
sure or percussion tools which are characteris
tic of each technique. The manner of hold ing 
when striking or pressing will result in the 
contact portion of the tool becoming abraded 
from continued use. This contact surface por
tion of the tool can be diagnostic in determin
ing the manner in which the tool was held 
and gives a clue to which technique was used. 

The pointed (conical or bi -conical) ends 
of the hammerstone permit the' worker to 
strike in a restricted area. A tool of this 
shape and with its identifiable scars is gen
erally used for the removal of blades by per
cussion. A hammerstone with a flatter, or 
semi-convex surface, is generally used to 
remove wide flakes with a diffused bulb of 
percussion. The diffusion of the bulb wil l 
depend, largely,' on the amount of surface con• 
tacted by the hammerstone. Should the ham
merstone be used for thinning and striking as 
on the edge of a bifacial art ifact , facets will 
develop on the tool from wear, for as one edge 
becomes worn, the hammers tone must be 
turned to expose new striking surfaces of 
the tool. Blows delivered by the hammerstone 
for thinning purposes are struck in a different 
manner than those delivered for blade or wide 
flake removal. Flattening of the tip of the 
pressure tool denotes a straight downward 
thrust characteristic of removing blades by 
pressure. 

Pressure tools used for retouching an ar
tifact will show the edge striated and abraded 
from the center of the t ip toward the base 
and the tip of this tool will tend to sharpen 
itself from repeated use. When the pressure 
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toc l is pressed downward on the edge of an 
artifact, the tool develops facets and it must 
be repeatedly sharpened . Hand-held pressure 
tools used for tr imm ing flakes or turning 
edges will shew scratches and erosion of the 
sides cf the pressure implement . The micro
grooves on the tip of the pressure tool will be 
opprcximate ly at o right angle to the long 
axis of the tool. 

The t ip of the notching pressure tool is 
not used, for it lacks suffic ient strength to 
rtmove the mater ial from the notch . The thin 
edge of the notch ing tool is placed against 
the edge of the art ifact in such a manner that 
the tip of the tool extends above the orti
foct ond pressure is exerted to either notch or 
serrate . Continued use of the notching tool 
will erode a concave area in the edge of the 
pressure tool. When the too l becomes too worn 
to serve any furthe r use, the opposite edge 
con then be used . As the working edge of the 
tocl becomes worn, the tip of the tool will re
semble an hourglass or will have o strangled 
oppearonce .. 
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Percussion tools: a, andesite hammerstone, a hard hammer for preforming and blade 
removal ; b, hammerstone of vesicular basalt, a soft hammer for preforming and blade 
removal; c, sandstone hammerstone, a s::ift hammer for working glassy materials; d, a 
medium hard basalt hammerstone modified for hafting and used for quarrying and 
splitting large cobbles; e-f, antle r billets used for percussion flaking , e, 25.5 cm. long; 
f, 28 .5 cm . long; g, section of elk antler, 27.5 cm . long, which may be used either as a 
billet for percussion work or as a punch for indirect percussion; h, hafted hammer, 30 
cm. long, with a head of water-buffalo horn which may be used for direct or indirect 
percussion. 
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a 
a, clamp used for holding cores when removing flakes and blades by indirect pe rcu •. 
sion or pressure; b, wood haft with an antler tip, 38 . l cm. long; c, wood haft with a ca r., 
per tip, 29.5 cm. long , both band c may be used as pressure too ls or as punches fr, 
indirect percussion, d, short crutch with crosspiece and copper tip, 40 .2 cm. long, use, 
for pressure retouching or for removing blades by pressure. 
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Pressure tools: a, elk antler insert, 9.5 cm. long, may be hafted or used as is for pres-
sure or indirect percussion; b, Arctic style pressure tool, slotted antler with bone in
sert, 19.4 cm. long; c, leather pod for hand protection when doing certain types of pr• 
sure flaking, 17.3 cm. long; d, owl handle with copper tip, 15.5 cm. long; e, an abrad
ing stone used to prepare tips of pressure tools; f, elk antler tine, 12.2 cm. long; I, o 
boculum used as a pressure tool , 14.8 cm. long; h, pressure tool mode with a piece of 
long bone, 16.3 cm. long; i, splint bone used as a pressure tool, 11.1 cm. long; J, pres-
sure tool mode of heavy marine shell, 10.2 cm. long. 
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Reprinted from Tebiwo, Vol. 11, No. 2, 1968 . 

ARCHAEOLOGICAL EVIDENCE OF ACCULTURATION 
ALONG THE OREGON TRAIL 

By Don E. Crabtree 

About cne hundred fifty feet above the 
Snoke River in South Central Idaho, near the 
present Upper Salmon Falls Power Plant, is one 
of the camp grcunds of the Oregon Trail pio
neers (Fig. 1 ). Debris found at this site gives 
mute evidence of both the hardship of the pio
neers and the ingenuity of the Indians. Today, 
our mops dismiss this place of history with 
the terse legal description of Township 8 
South, Range 13 East, Section 3, East Boise 
Meridian. 

Here the imm igrants were faced with a 
long and difficult climb to the top of the can
yon and this spot, with its abundance of 
water and fish, was on ideal place to rest 
the animals and members of the wagon train 
party before hazarding the sinuous grade. 
The type and amount of debris found ot the 
1ite indicate that the stay was brief, but long 
tnough to repair the harness, wagons, water 
barrels, and make the loads shipshape before 
continuing the journey. The Indians were keen 
observers and must hove watched closely the 
activities of these interlopers. Masters in the 
art of making and using stone tools, they must 
have watched with fascination the white man 
wielding the coveted steel knife, working and 
llro ightening the metal of the wagon wheels 
and doing other metal work. 

I first visited the l,ocolity about thirty years 
ogo at the suggestion of Daddy Vader, a 
Hagerman pioneer, who told of seeing the 
llots near Owsley's Crossing covered with tee
pees, rocks of salmon drying in the worm sun 
and the inhabitants busy catching fish and 
doing their many chores. I studied the flak
Ing debitoge at the Indian campsite, which 
llos since been destroyed by rood construc
fion, and then went to the nearby campground 
percussor. However, one metal point bears 
of the Oregon Trail parties. Over the years it 
hod been eroded by the prevailing west winds 
and many pieces of scrap iron, broken glass, 
"°'nout harness ports, flakes of flint-like ma
terial, stone anvils, four comp I et e d metal 
points, one broken aboriginally mode metal 
knife, bangles, and other metal artifacts in 

various stages of manufacture had been un
covered . 

The ircn objects ore of special interest 
because they offer archaeological evidence of 
culture contact and change along the Oregon 
Trail o century ago. The irregularity and char
acter of the scars on the scraps of iron indicate 
that stone tools were used in the manufactur
ing process. Two anvil stones with functional 
battering scars and several bruised and broken 
hommerstones were found . No stone chisel 
was found at the site, but battered pieces of 
tough, siliceous stone were comingled with the 
metal debris and pieces of scrap material bore 
highly irregular coarse cuts indicating that 
the chisel was stone rather than metal. Scars 
on the metal ore rough and concave, ind icat
ing the use of a stone hammer. The size and 
depth of the scars indicate that the iron was 
first softened by heating and then a stone 
anvil and hommerstone used to pound the 
metal to the desired thinness or thickness . 
Heating mode the metal easier to work. Some 
of the pieces were probably ports of barrel 
hoops, or thin strapping, and would need no 
thinning but cculd be formed into orrowpoints 
by merely using a stone chisel and a suitable 
scars which ore smooth and cleoncut, similar 
to those left by the common cold chisel, ind i
cating that a metal chisel may have been 
used to form the stem. 

Several of the metal artifacts were aban
doned during various stages of manufactu re 
for reasons that ore not clear. The random 
character of the scars on many of the iron 
objects suggest unfamiliarity with the raw 
material. A few of the unfinished pieces seem 
very close to completion by modern standards. 
Time and patience may hove run out or exist
ing stone tools may hove been used for just 
one more time. 

Other metal artifacts found at the site 
that were apparently worked with stone tools 
were: (I) a broken knife-like object with a 
long tong (6. 1 cm) probably designed to be 
inserted into a handle, (2) a piece of metal 
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(14 .2 cm), discorded before completion, was 
apparently being thinned by a process of heat
ing and drawing with the worker using on 
anvil stone and hommerstone (Fig. 3, Upper), 
(3) a small punch-like object (4 .3 cm) formed 
by pounding the lateral margins. 

Four comp I et e d projectile points were 
found , each with variable form and outline: 
One (5.5 cm) hos a concave tip, probably the 
result of use, another (3 .5 cm long) hos the 
stem broken off; and the remaining two ore 
unbroken (Fig . 2) . One of the finished points 
was made from a piece of laminated metal 
and then rubbed or ground for final shaping 
and forming. 

Also found were bangles in various stages 
of fabr ication, the manufacturing scars in
dicating that they were being worked with 
stone tools . History records the Indian as knot
ting bangles to the fringe of his buckskin 
clothing as both a decoration and for the 
enjoyment of the tinkling sound given off 
from the body movement (Fig. 3, Lower). 

The impression left is that of small bonds 
of roving Indians gleaning any usable ma
terial abandoned by the pioneers on their 
westward journey and converting the metal 

into points and cutting implements for the 
Indian . Acculturation is the process recorded 
here as Indians changed from stone to metal 
as a working medium. For the Indian, the 
metal point was a convenience because the 
same point could be recovered, straightened 
and reused and ready-made met a I points 
were soon to be available in quantity as a 
trade item . The change was probably very 
rapid since no living Indian inf arm ant in 
Idaho recalls the manufacture of flaked stone 
tools. We may guess that this site on the 
Oregon Trail marks the beginning of the 
end of native fl intknapping about A. D. 1850. 
In Point Borrow, Alaska, Eskimos modified 
the process of change by fashioning ivory 
flakers with metal tips to manufacture stone 
tools (William Irving, National Museum, 
Canada, personal communication, 1967). 
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THE OREGON TRAIL SITE, IDAHO 

(modified from Landforms of the 
Pacific Northwest by Erwin Raisz 
and used with his permiss i on) 
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Fig. 1: Mop of Idaho showing the location of the Oregon Trail Site. 

- 79 -



d j I i. . . . . I 
a b f 

..... 

h m 

4 • t 
0 

q s 

n p r • u 

5 ems 

Fig. 2: Sequence of manufacture of metal points and used specimens from the Oregon Trail 
Site. 

- 80 -

,,~, ' ,,,•. ·(· 
b 

d f h j 

I I 

5 ems 

,,,., ... , ... 
~ J. ... ,::••~f,,·:••,,-

. , I • ,. • {1,1•). • •. ·• . • . ' ,. " ' .·, (~ . . , , ~ • . ..~ ·•, .. .1,-~- . 

b 

' ' . ; ... ,f, I 

I " ' j 
f h I ' . ,v 

I') 

J .. \ C ·~ • ' . l ' k 
.>,~ . ''\ J 
\! , · 9 

a d 

L.,_ 
5 ems 

Fig. 3: Upper, assorted metal objects probably worked by stone tools; Lower, developmental 
sequence of metal tinklers or bangles from he Oregon Trail Site. 
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Reprinted from Tebiwa, Vol. 12, No. 2, 1969 . 

THE CORBIAC BLADE TECHNIQUE 
AND OTHER EXPERIMENTS 

By Francois Bordes ond Don Crabtree 

In September, 1967, F. Bordes and Don 
Crabtree spent two weeks experimenting with 
1oeverol flaking techniques, replicating var
ious artifacts, and analysing and comparing 
their work to aboriginal tools. The prime con• 
ctrn during this work session wos the repli
cating of Upper Perigordian blades and cores, 
os found, for instance, ot Corbioc (Dordogne). 
Bordes thought that Corbioc blodes were 
mode by indirect percussion with the core 
being placed on o rest . Attention hos olso 
been given to blodemoking without o rest and 
to thinning of bifaces by direct, ond indirect 
percussion without o rest . The results of blode
moking by indirect percussion without rest 
hove been compared with Clovis blades ond 
cores. Since this wos the first opportunity for 

· the authors to work together un interruptedly 
.. felt we should publish our findings. 

Because this paper is primarily concerned 
with blodemoking, it may be well to con-
1ider here what o blade is. For the Lawer and 
Middle Palaeolithic, Bordes defines a blade 
as "any flake which is twice or more as long 
as it is wide." But for more evolved lithic 
oucmblages, he agrees that a more elaborate 
definition is necessary. We tentatively pro
post the following one, evolved by Don Crab
trtt: A specialized elongated flake with par
olltl to sub-parallel lateral edges; its length 
equal to at least twice its width. Cross or · 
transverse section may be either piano-con
,. x, triangular, subtriongular, rectangular, 
ofttn trapezoidal, and on the dorsal face, one 
o, more longitudinal crests or ridges . On the 
4efMI side of the blade there should be two 
., MOrt scars of previously removed blades 
wltil force lines and compression rings indi
cetl119 that force was applied in the same 
~ion aa blade detachment. 

For those not familiar with flaking stone, 
It seems fitting to mention here o few points 
regording blade scars which may help in 
onolysis and reconstruction . It is not impos
wile to reconstruct the core or artifact by 
,-ouembling flakes and blades to determine 
the sequence of their removal. Two features 

indicate the direction of force : ( 1) the un
dulations or waves radiating from the point 
of force across the plane of fracture (Fig. 1 ol. 
By orienting the direction of force, broken 
blades and flakes may be fitted together and 
then related to the core or ortifact which hos 
corresponding characteristics, (2) flake and 
blade margins have fissures which indicate 
the direction of force and oid in showing the 
sequence of flake and blade removal. The 
striations found on the loteral margins on the 
ventral sides of the flokes and blades (Fig. 
7) have opposite or negative duplications on 
the laterol margins of the core . or artifact 
(Fig. la) . The fissuring is not always apparent 
on both margins and is generally mart diffi
cult to detect on coarse granular material. 
On vitreous stone, these fissures are more 
obvious. These striations, or minute fissures, 
ore due to the compression of the materiel 
as it is removed from the core or artifact. 
Marginal striations are tangent and oblique 
to the edge and slant up toward the proximal 
end of the flake or blade, some sweeping in 
a graceful curve to the point of applied force . 

From 1962 to 1967, F. Bordes excavated 
at Corbiac in the Dordogne Volley near Ber
gerac, an open air Upper Perigordion site. 
The upper layer yielded a vost quantity of 
blades, cores (more than l 000) in all stages 
of fabrication, tens of thousands of flokes, 
and about 10,000 tools. There are an esti
mated 100,000 blades and fragments of 
blades, many with very small platforms (or 
butts), denoting the intensive use of punch 
technique. These blades are usually not very 
curved, and in fact are remarkably often 
straight. Bordes carefully examined the vast 
quantity of both finished tools and the ones 
which were exhausted by use. He analyzed 
the flake debitage, including the discords 
rejected by Palaeolithic man because of flows 
in the stone, miscalculations, or on error in 
fabrication . Any one or oil three of these 
factors may be involved with any single piece, 
for there is no exact repet ition of conditions 
when one is shaping a tool out of a lump 
of flint. This is one of the reasons why un-
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finished or broken tools and debitage· are · m'idal or conical type (flaked all around, s~e 
impart ant for understanding material cul- .-' Fig. 1 c) seems conspicuously absent. The cores 
lure . They must be collected and studied alw_ays show either cortex or preparation scors 
because they provide us with an insight into on one side. The bidirectional cores present 
the normal stages of development of the several ·subtypes. 
tools . This will prevent errors in interpreta-
tion such a s confusing the preparation of the 
edge of the co·re platform with traces of 
use as a pushplone. 

Bo rdes eliminated both pressure and di
rect percussion as the main blademaking 
techni(]ue at Carbiac, and defined the manu
facturing method as indirect percussion with 
rest. He then did a number of experiments, 
eliminating various other manufacturing · 
methods to resolve the blade and core tech
nique used o_i Cc:i rbiac and by the Perigardial'ls 
ohd other Upper , Palaeol,ifhic' peapfe. -·This 
-took muc-h time ond work, for each experi
ment had · to 'ir,clude ihe. ·many · individual 
stages of manufacturli .' -·l:Jltiroately he .was 
s u c c ·e s sf u I in-.c,onsis_teritly reproducing __ the 
cores and blades of this type. · 

Unlike other ortifocts which have defin
ite shape, outline, and functional purpose, 
cores are quite variable. Their forms, style_s, 
and types are~ many, and the technological 
patterns var_y, e'ac:h retaining multiple diag
nostic traits . Because the core demands fre
quent reshapiiig · for blade detachment, it is 
reduced in size and even changed in form 
and ·ch a r act e r from the first to the last 
blade removed . . Then the exhausted or mal ; 
formed cart? · is either abandoned, or further 
modified :into . another artifact. The core may 
be sinJply reduced ta usable flakes with sharp 
cutting edges. End products such os these 
would hardly be recognizable os former cores. 
A large ·population •.of either malformed or 
at herwise abandoned cores usually indicates 
on abundance of row material. 

At Co(bioc the numerous cores can be 
roughiy divided into five categories (other 
kinds ' of cores do not concern us here) which 
ore: unidir'ection:01, bidirectional, g Io bu Io r, 
mousle"roid, ·unc1ilssifioble, end frogmen ts 
(this fragmentation is the consequence either 
of breakage dur ing work, or more often, frost 
action in the ground . The unidirectional cores 
(Fig . . 1 o and c) hove o single striking plat
form ; the bidirectional two, usually opposed. 
Among the unidirectional cores, the pyro-

Preporotion of prehistoric cores ot Corbioc: 

The Corbiac care was usually shaped out 
of ellipsoidal nodules of bonded flint, which 
abound in the immediate neighborhood, end 
may be as large as a foot ·or- two across . Us
ually smeller nodules were used, but these big 
nodules were also broken into fragments or 
_flaked into huge flakes and cores made out 
of these large flakes . A bifocial ridge wos 
then· flaked .along one ed_ge to guide the first 
blode.' Oacassionally two or three ridges were 
produced ta guide the first blade .. The strik
ing · platform was made sometimes before, 
sometimes ofter, this ridge preparation ond 
almost always at on acute angle with the side 
of the · core. These ore sometimes huge cores, 
up to 23 centimeters long, but some must 
hove been even · bigger, since in Corbioc 
blades hove been found up to 26 centimeters 
long. In the neighboring site of Rabier, J. 
Guichard has found foot long blade~. Some 
broken blades from either of these two sites 
must hove been_ even longer. . 

The unidirectional cores ore more or less 
prismatic, although · often one side is' un
worked or shows only the preparation scars. 
The bidirectional cores show interesting varia
tions and subtypes. The first variation is very 
much like the unidirectional cores, ~xcept 
that there are two striking platforms, one ct 
each end and blades were taken either alter: 
notely from one or the other end, or a series 
from first from one end, then from the other. 
These we call opposed. Sometimes the cores 
were shaped in such a way that they pre
sented about at their middle an obtuse angle 
(Fig. ld). In that case, the blades unable to 
take a sharp turn, terminated at the middle 
of the core and were flat ; This is probably 
linked to the need of the Perigardians to 
ta have straight flat blades far the Gravette 
project fie points. This type can _ be called op
posed ongulor. A variat ion which does not ploy 
an important role is the opposite rectangular, 
in which the angle 'is more :or less 90'. Then 
there is the opposite alternate type, in wh ich 
the blades were token an each side of the 

- 84 -

;-.: · I' -,. • • • • 

.,,}(,:4:·::>.~~4;~·? . 

. __ i. 

))'· 

•::, 

::!.~-

core from the two striking platforms (Fig. 1 b) . 

bperimental work: 

Our duplications of the Corbioc cores dur
ing Bordes stay in Idaho were mainly unidi
rectional but a few were bidirectionol. The 
Idaho specimens were almost entirely made 
from either cobbles or avoid lumps of ob
sidian with outside measurements of from 
5even to fourteen inches before preforming. 
After the top of the cobble was removed to 
provide o striking platform, the overall length 
averaged between six and ten inches. 

The following is a description of our ex
periments of replicating Corbioc blades and 
cores by indirect percussion with rest. 

Preforming the core: 

Invariably the preforming of the core is 
the most difficult and important step in blade 
making, and the "Carbioc technique" is no 
exception. At Corbiac a number of what would 
appear to modern man as perfectly good pre
formed cores were ob.andoned by Palaeolithic 
men who knew better. If the core is not pro
perly made there will be failures : the blades 
will foil to detach, they will step or hinge 
fracture, platforms will crush, the end of 
the care will be taken away by the blade, 
blades will vary too much in thickness or 
width, will terminate short, bulb of force 
will be accentuated, shatter I ines and fissures 
will be present, the blades will .have prom
inent eraillure scars, compression rings and 
undulations, or will break into fragments or 
'!)lit in the middle. We cannot emphasize 
too strongly the importance of core prepara
tion (Fig. 2). It is impassible, or at least 
almost impassible, ta remove true blades 
from on improperly prepared core and no 
amount of skill can overcame poor prepara
tion or conquer certain strains ·and flaws in 
the material. 

A suitable piece of material, relatively 
free of flows, of adequate size and proper 
ttxture is selected for the experiment (Fig. 
Jo). The size of the rough material selected 
will depend an just haw large a blade is de
sired and of course an what is available. Since 
our experiments were done ot Crobtree's home 
In Idaho, we used mainly obsidian for it is 
plentiful here and we had very little flint. 

We would hove preferred to use flint, o 
obsidian is considerably more brittle tho, 
flint and therefore more subject to breakog , 
from end shock . However, this subst itution o 
material was done without changing the t.o, 
biac technique; we only slightly modified it t 
conform ta the material. In this case we con 
sidered it to be good stoneworking practice 
Always, techniques hove to be adapted Iron 
flint to chert, chert to chalcedony, etc. an, 
slightly modified to su it the nature of the mo 
teriol. For example : working with obsidian 
we had to grind the platform to strengthe, 
it and give a better purchase to the puncl 
(Fig. Sb), decrease the velocity of the blow 
and detach thicker blades. Bordes hod t, 
abandon his reindeer antler hammer an, 
adopt o wapiti antler hammer, lighter one 
less dense (Fig . So and 60). 

After the cobble or moss of material 
has been selected for blade making, the ex 
perimenter must v i s u a I i z e the future core 
within the cobble. That is, he must calculate 
how to remove material from the mass in 
order ta retain as much of the material o~ 
possible, and yet properly prepare the core 
to the desired size. One can never imme
diately start removing blades from a rounded 
moss so that the first step of core prepara 
tion is ta eliminate the rounded surface and 
establish a first striking platform for prepara 
tion of o ridge which is to guide the first 
blade. This can be done with hammerstones 
of variable hardness according ta the material 
of which the core is made. An antler billet 
may be used if there is already a natural 
facet . Material which is rectangular, without 
rounded surfaces would be very suitable for 
core and blade making, but is seldom found . 
Angular material often has natural longitud
inal ridges which may, after slight modifica
tion or unifacial trimming, suffice as a ridge 
to guide the first blade . If the longitudinal 
ridge is at the corner of o rectangular block 
of flintlike material, it is relatively simple to 
prepare the proper platform for the removal 
of the first blade. Sometimes, just o slight 
grinding, or preparation by detachinng smal l 
flakes at the corner will ready the piece for 
positioning the punch for blade removal. 

Anolher fova'rable natural shape is the 
flat ovoid cobble, with almost angular edges. 
Once a striking platform is established by a 
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side blow at one end, one can immediately 
begin taking off blades, the first of which 
will hove its dorsal side completely covered 
with cortex. 

However, if the cobbtris rounded and 
hos no natural facet, the worker uses a med
ium-sized hommerstone to establish the first 
focet . A hommerstone is necessary, for the 
ontler billet would not have sufficient force 
to detach a flake from a rounded surface. The 
worker holds the hammerstone almost vert
icol to the rounded edge of the cobble and 
strikes o shorp and strong blow (Fig . 3a) to 
remove the first flake (F ig. 2o, bl. Usually, 
only one flake is necessary (Fig. 36) to elim
inate the rounded surface. 

Preparing the ridge: 
To creole the first ridge from the bottom 

to the top of the core (it is usually better to 
begin at the bottom) the worker uses on antler 
billet or a soft hommerstone and strikes with 
sufficient force on the first facet ta remove 
o flake on the other side of the still rounded 
core . This blow is given in on upward direc
tion (if you begin at the bottom) in order to 
detach a flake which extends toward the up• 
per end of the core, and is situated along the 
edge slightly higher than the first flake (Fig. 
2b). An antler billet or soft hammerstone and 
direct percussion is used for this flaking pro• 
cess to prevent the strains and shattering 
which would result from a harder percussor 
and olso to avoid getting deep neyative bulbs, 
which would make it more difficult to get a 
st roight edge along the core. This is the first 
step in a series of flakes lo be removed in this. 
some manner along the margin of the cobble 
to establish the ridge. Each scar is used in 
its turn as the striking platform to remove a 
further flake, and the worker continues to 
strike alternately on the edge of the cobble 
from bottom to top (or the other way around) 
unt il the ridge is established (Fig. 2c, d) . 
The edge made in this manner will be sinuous 
from the alternate flake scars. If the ridge is 
too occentuoted for blade removal it may 
be straightened by striking off the crests be· 
tween the lateral flake scars with the antler 
billet (Fig . 2e) . Very often, in Palaeolithic 
times, much care was devoted to this straight
ening of the ridge, and so prepared cores, 
from which no blade has been struck are 
often confused with tools . The ridge will serve 

as a guide for removal of the first blade. Thia 
first blade removed will create two longitu6-
lnal ridges for removal .of additional blodll 
and so on around half the circumference ol 
the care (Fig. 4e). If the removal of the fllV 
blade js, 11Qt well done, for instance if Iha 
blade breaks at about half the length of Iha 
core, it is very often abandoned if the gao, 
graphical location is rich In flint. If it b • 
two-ended core, then the second part of IN 
first blade can be removed from the ~ 
posite direction and the core con continua IJ 
be used. This preparation and follow-thro.q, ·. 
is of the utmost importance because the Ion,, 
and shape of the core control the type of blodt 
detachment. 

Preparation of the striking platform: 

Before the first blade con be re~ 
a striking platform has to be prepared • 
one or both ends of the core (Fig. 20. II • 
a difficult part of the process and w,.,,ij 
methods can be used ond have been used ~ 
Palaeolithic men: ( 1) striking the core OIi 
an anvil stone (Fig. 4b), (2) by direct pert_. 
sion with a hammerstone (Fig. Jc), (3) by IOI\ 
gential percussion, the core being held on .,. 
outside of the thigh which seems to h.Jve i
the method of the Brandon flintknoppe11, 141 
preparing a small platform on the tnd .. 
the longitudinal ridge and then severing i+. 
top by indi reel percussion (Fig. 4c), and I~ 
preparing a platform by removal of ....,.. 
flakes, like the truncations on truncot., 
blades (Fig. 4a). This method was ,_ 
enough in Upper Perigordian times, b.A • 
is difficult ta control ond one needs o lol ti 
training to detach the small flakes at lht (ef

rectangle. 

Bordes usually uses methods 2, 3, ond 1 
but Crabtree favors method 4. 

When a core top is severed, the onQie • 
the blow must be calcutoed and delivtr-.j • 
creole a striking area p I at form •ith .. 
angle corresponding with the desired '
typt!. In most Corbiac cores, this plolto. . 
is oblique to the long axis of the co<e If• 
4f, 5o), but · same hove a platform OI ., 
near a right angle to the axis. This i,w 
form angle is the result of the angle ot ~ 
the force to remove the core top is dil'9("" 
An interesting · feature of the Corbioc (11111 

is that almost all of the two-ended CIIII 
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..._, token off from both ends of the core), 
_, if these blades have been flaked off 
-.. only one longitudinal side of the core, 
,...,,, on the other longitudinal side a pre
,-,-! ridge. The one-ended cores, on the 
.,,_, hand, usually present only the natural 
..,_foe• or cortex on the side opposite the 
,..ige lF,g. 21) . This preparation of the second 
lode focilitotes the holding of the core be
...,,, the feet, and in some cases seems ta 
.. o k,nd of precaution against bad handling 
,. lhe first side. In that case the angle of 
H "r,king plolform is "reversed," and blades 
ft token off the second side. Many of the 
,-.p:irtd Corbioc cores prior to blade removal, 
_, have looked like thick bifociol imple
-•11. Magnificent samples of this preporo• 
.,.. have been recently found by M . Duport 
,. o lole Mogdolenion "cache" in Chorente 
1111 • Mogdolenion technique is almost ident
al ,.,,h Upper Perigordion technique). But 
...oily the Corbioc core hod blades detached 
• only one side (one sided), often from 
IN t-.o ends. As blades were removed from 
.,. loce they created new ridges, this face 
~ o polyhedral appearance with long 
woe,tud,nal facets, and the working edge of 
N 1111king platform becomes semi-circular 
fl u,ott. In our experiments, we were some
.__ 1UCcessful in detaching as many as 
~ U10ble blades from a core (Fig. 3d). Lo-
• .twn Bordes was giving a demonstration 
• WO\hinglon State University, he success
~ dttoched fifty-three blades from a single 
.. The first blades are sometimes irregular 
f<t 7d) and it is usually after he fifth or 
-" blode that they become really "good" 
f<t 6b). Our cores were abandoned when 
.. plot form wrfoce was exhausted and they 
- left wilh tittle or not platform surface. 
ni. <ott wos by this time elongated and half
~,col, showing blade scars on the round
• lode ond cortex on the other . 

· ,,,.. -' tN core top: 

N Corbioc very often the tap of the core 
• -.gned to slant at less than a 45 degree 
..... owoy from the apex (working edge) 
f-. 41, 5o). This provides a bearing sur• 
• lo, MOiing the punch and prevents 
.. hp of the punch from slipping when the 
..,. It delivered. Because of the obliquity of 
.. Mioc• on which the punch has to be 
• • would be impossible to remave a flake 

or blade if the platform surface slanted to
ward the working edge. 

Other core types, which usually do not 
hove the lop ot this angle, overcome the slip
page of the punch either by grinding or by 
removing on lhe striking platform near the 
edge, small flakes which leave small depres
sions (bulbor scars) in which to seat the 
punch. Rough nolur<'I surfaces may also be 
used. These choroct .r .. tics ore sometimes but 
not often found on 1·1 Corbioc type cores. 

Platform preporotion: 

A smoll hommerstone is used to prepare 
the zone on which the tip of the punch will 
rest . The idea is to isolate a small promon• 
tory (Fig . 4a) on which the punch will rest, 
and which will become lhe butt of the blode . 
Isolation is accomplished by holding the hom
merstone in the right hand, the core in the 
left hand (Fig. Sb) and pressing ond thrust
ing the hammerstone downward and outward 
along the edge of the core, above the pre
established ridge. This action will remove 
small flakes and shape the promontory with
out causing hinge or step fractures as would 
be the case by striking even light blows . Thi s 
operation is cortinued until the center of 
the promontory is above the ridge and in line 
with the axis of the future blade . This pre
paration isolates a small but strong striking 
platform and removes any overhang. Some
times it is also necessary to complete the pre
paration by removing small flakes from lhe 
top of the core on each side of lhe promon
tory (Fig . 4ol. (Note: lhese flakes ore re 
moved from the top of the core rather than 
the leading edge .) For additional strength 
(mainly when working with obsidian, but this 
also occurs with flint cores) the platform is 
then abraded on its top by rubbing with a 
granular stone (Fig. Sb) . This abrasion will 
round the edges and give a roughly polished 
appearance to the platform (Fig. Sol. 

If the striking platforms are on both ends 
of the core and blades ore removed from both 
ends, the bi -directional core which results will 
be sometimes mistakenly called bi-polar . True 
bi-polarism would be the result of force being 
delivered simultaneously from both ends of 
the core. 
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Seating the core on rest: 

When the core hos been completely and 
carefully prepared for the first blade removal 
(the one which will remove the ridge (Fig. 4d, 
e), giving a " lame o crete"), it is then placed 
between the feet on a resilient support to 
eliminate shhock at the distal end and also 
to prevent it from slipping. For our experi
ments, we used o pine board approximately 
2 x 2 x 14 (Fig. 6ol. 

The blodemoker assumes o seated posi
t ion very slightly elevated above the core; 
p laces the core on the rest and holds it tightly 
between both feet (Fig. Sa) . The core is posi
ti c ned on the rest with the side to be flaked 
po inted away from the worker with its distal 
end supported by, but overhanging, the edge 
of the wooden rest when the core is held ver-
1 ico lly. This allows the blades to clear the 
p lank and thereby eliminates breakage. The 
co re is held by the feet in different positions 
fo llowing the type of the core and/or the 
var ious problems posed by the detachment 
of each blade, and also fol lowing the prefer
ence of the worker. 

Detaching blades: 

The indirect percussion is done with o 
"punch." This punch is o cut section of ant
ler (reindeer, red deer, moose, etc .) about 
six . inches long with one end flat and the 
other shaped to a blunt point (Fig. 6ol. It is 
possible to use o stone punch when working 
fl int , and in Palaeolithic layers elongated 
pebbles bruised at both ends have been found . 
Th is is not satisfactory to use on more brittle 
material such as obsidian . The punch is held 
in the left hand (for right -handed persons) 
and its tip placed and held on the platform 
at o low angle. This angle var ies following 
the type of core, the angle of the platform 
of the core to the axis, or the nature of the 
striking platform: rough n at u r o I surface, 
ground surf o c e, preparation by detaching 
small flakes, etc. 

Using o heavy section of antler about four
teen inches long for the percussor (Fig. So, 
60), the right hand delivers o blow of suffic
ient force to the proximal end of the punch 
to detach the blade. When working flint, the 
hammer may be stone instead of antler. The 
antler punch as well as the antler percussor 

acts as o shock absorber and causes the force 
to be delivered more gently to the platform 
of the proposed blade. Wooden punches may 
also be used, mode of some hard wood, likt 
box wood or oak, and if they ore placed at tht 
correct angle on the striking platform, thi1 
wooden punch con be used time and again 
without showing much crushing at its tip. Thi! 
tip con be hardened by fire . 

At present, there is no means of measur• 
ing the amount of force necessary to -remove 
a blade from a core, for much depends on 
the type and size of the ,:noteriol and tht 
blade lengths or thicknesses desired. Since tht 
blade is first detached at the proximal end 
of the core and then literally peeled dawn iu 
face, the amount of force is reduced if tht 
butt of the blade is isolated from the care by 
the "promontory technique" prior to blade 
detachment. A quick "rule of the thumb"' 
method to determine the necessary amount of 
force is ta calculate the area of the ventral 
side of the proposed blade and then formulotc 
the amount of force necessary for detach
ment. 

When making blades, to get the beSI 
possible results, the some material should 
consistently be used. One becomes occ14-
tomed to controlling the blow on o gi"en mo
teriol and it may toke several days to cor• 
relate the amount and kind of force neceuor, 
when another material too different in tu• 
lure and elasticity is used. Some materlOII 
ore worked best with a sharp blow given 01 
high velocity with no follow through; -..h,w 
others ore best worked by using o slow blooo 
with a heavy percussor and o follow thr°"l)I\ 
Blades often leave the core at considerable 
velocity and must be recovered on some 1)111 
of soft yielding material (such as gross, moll, 
sand, etc.) to prevent fracture . In some COMI 
when the force of the blow is perfectly ~ 
trolled, it happens that the blade just ' folla· 
out of the core. 

In our experiments, generally the wid!N 
and lengths of the blades were variable on, 
were controlled by the form of the -..otl"1 
face of the core. The more ottenuottd 1t,t 
ridge and the narrower the core, the nor'°""' 
the blade. The thickness of the blade la ollt 
controlled by the position of tho punch Cll"III 
the design of the platform in relation lo .. 
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core. The nearer the punch is placed to the 
ltading edge of the core, the thinner will be 
tht transverse section of the blade . A blade 
!hot is triangulate will hove the platform 
ot1tnled in line with the single ridge on the 
CO<e and the blade that is trapezoidal in trans
mse section is one that hos hod the platform 
oriented between two longitudinal ridges . 

between the feet on a rest, plac ing the punch 
at a low angle and striking away, or obliquel y, 
from the body . After he had demonstrated thi s 
technique, Crabtree found that he could rep 
licate these blades with this position, but it 
was more comfortable for him lo reverse the 
striking pattern. He placed the core on the 
rest between the feet, but with the working 
surface facing him. He seated the punch on 
the platform above the ridge at the same 
angle as Bordes, but with the tip of the punch 
pointing toward him, instead of away from 
him, as Bordes does . Th is wa s easier and more 
accurate for him because it did not req uire 
leaning so for forward, and also because 
Crabtree hod been doing a sim ilar but d if 
ferent blade technique for the last six rr.onth s 
and had become accustomed lo this way o f 
working. This position is more dangerous as 
the blades detach toward th e worker, but it 
has the advantage of permitting the worker 
to see what is actually happening. Crabtree 
finds that this variation permitted him to 
align the punch on the guiding ridge with 
much greater accuracy and also to actually 
view the blade detachment. Since the angle 
of seating the core, striking pattern, punch, 
and rest are the some in both ways, the char
acteristics of the blades ore also the some. A 
variant is used by Bordes; the blade is de
tached laterally, ins ide the arch of the foot . 

Marginal striations on the ventral sides 
wre not noted on flint blades but were quite 
obvious an blades of obsidian. Any deviations 
ol straightness of the ridge or ridges caused 
~ blades to follow the irregularit ies and a 
ll'<liformed blade resulted. If different ial re
~ilonce within the material caused the pre
•ws blade scars on the core ta be malformed 
ttwn very often subsequent blades would also 
be malformed. In some cases the ridge can 
be straightened by detaching a thick blade 
■h ich does not follow the irregularities. An
O!hcr way is sometimes to detach a blade from 
lt'4 other end of the core, and so get rid of 
t-c irregularities. If the ridge is prominent 
.-.ough, it con also be perfected by detoch
r,g 0 series of flakes by lateral blows. This 
~ains why some good blades, token off the 
Wt ofter many blades have been detached, 
l"tltnl on port of their back a "ridge" sim
kl lo the "first blade" detached from a core 
11,g. ◄el . Some imperfections cannot be over
""1\e and then the core must be abandoned 
• transformed into a flake core. 

Should a blade terminate in a step or 
~ fracture, at half its intended length for 
...ionce, then the core must be either abon-
0\Cd or corrected if possible. This can be 
~ by detaching a blade from the other end, 
• reduced velocity, in such a way that this 
looclt terminates at the step or hinge frac
'-'• If the fracture was such that it could 
lie taken as o striking platform, one can place 
h punch on it and so rectify the care. Each 
trtOt, miscalculation, or imperfection in the 
-trial must be considered individually be
Ur.At each presents a different set of prob
• ta the worker. No amount of skill can 
Mrcome some of the problems encountered 
N lht core hos to be discarded. 

for two different knappers the general 
llalhod con be the some, however different 

· , ._ rtalizotion. Bordes makes the Corbioc 
lllda in o seated position with the core held 

If the blow is delivered in just the right wa y, 
the blade just separates from the core, but 
rests on the scar. 

Characteristics of Upper Perigordian blades: 

At Corbiac, and other Upper Perigordion 
sites, the blades hove usually a very small 
butt (the butt being the port of the core 
striking platform which is token away by the 
blade) : it can be either a small circular or 
semi-circular surface, or a mo re elongated 
one (Fig. 7b, cl . However, when the butt 
is wide enough it is often focetted in the 
"Mousterian way." This focetting is the trace 
of the striking platform preparation by de
tachment of small flakes, usually when a 
thick blade is desired. The size of the butt 
depends in port on whether the punch has 
been put on the edge of the striking platform 
or more inside. Most of the blades with very 
small platforms hove been made by the prom
ontory technique, but it sometimes happens 
that such a blade is detached without this 
special preparation of the edge, and one 
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,..: should not conclude, from the presence of · 
some of these blades in on assemblage, that 
th is technique was known to this culture. The 
presence of this technique is more certain 
when deduced from the examination of cores. 

The angle of the butt on the ventral side 
of the blade (Fig . 7a, b) depends for the 
most port on the angle of the striking plat
form of the core. Here too there ore freaks. 
The re is a general if not complete absence 
o f eroillure flakes on the bulb and no fis
su res radiate from the point of force in the 
bu lbor port. The dorsal port of the blades 
shows one , two or sometimes more longitudi
na l ri dges. There ore ve ry seldom undulo-
1 ic ns on the ventra l side . Most of the time 
these blades ore straight or only a little curved . 
Crabtree attributes the straightness of the 
blades to using a rest , for it prevents move
men t of the core as the blades ore detached 
one- simu ltaneousl y causes force to be ex
erted ot the base o f the core when the blow 
is de li ve red on the upper end. Cores not 
support ed by a rest will produce strongly 
curved blades . Th is is certainly on important 
I ac t o r, but it seems to Bordes that the 
shaping of I he core al so ploys a role. Blades 
from unidirectional co res ore more aft en 
curved than blades from bidirect ional cores, 
ond in some coses Palaeolith ic people mode 
spec ial cores to get perfectly straight blades 
(F ig . ld). 

These blades are further characterized 
by the frequent absence of undulations and 
waves of compression, features which ore 
choracter istics of those detached from the 
core by direct percussion with a hard hom
merstone . Another distinct feature of the 
Corbioc blades is their d istal end termina
t ion (Fig . 6b) . The end feathers out without 
removing any port of the distal end of the 
core in most coses. This is due in port to 
the rest , or anvil, and con be controlled to 
a degree by the angle at which the punch is 
held . 

At Corbioc, where the flint supply was 
p lentiful and the natural nodule huge, blades 
ore often of large dimensions. Blades aver 
20 centimeters (eight inches) are very com
mon, and most of them hove more than 10 
centimeters (four inches) in length. But the 

some technique applies also to small corH, 
giving two inch blades, or smaller. 

Indirect percussion without rest: 

Crabtree experimented also with a dif• 
ferent and less tiring position of the body. 
He sot on a little taller stool, placed the 
core on o pod of folded layers of buffalo 
hide and held it between h is knees for both 
the preforming of the core and detachi"lj 
blades (Fig . Bo) . This position was more ·com• 
fortoble for him and he was able to rnakt 
blades with less effort than in the seated 
position with the core between the teet. How• 
ever, the blades hod then on entirely differ• 
ent ch a r act er than those mode with the 
other technique, for this method locked the 
solid support, or rest, for the core. 

Even though the angle of applied force, 
the type of blow, and the platform prepor, 
alien were the some, the lock of support 
on the base of the core allowed the core to 
be slightly displaced by the blow, and the 
curvature of the blade was more accentuated 
(Fig . 7bl. Also, the blades did not feather out 
and they often terminated by taking off o 
port of the distal end of the core ("lamtt 
outreposses" in French). This knee-nold,r19 
experiment did show however, that fewer 
blades were broken because the leather pod 
acted as a cushion for the dorsal side of the 
blades, dampening the shock. However it i, 
probable that this method could not product 
Corbioc blades . with any regularity. 

Bordes' observation of this technique ltd 
him to a slight modification of his own IA• 
periments. He tried wrapping the c0<e ,n 
a cloth, or any soft material (like fur) to 
lessen the shock and prevent the violent pro
pulsion of blades for from the core. Th", 
which did reduce blade breakage, was on 
adaptation of an experiment he hod done ,n 
Fronce, coating the external port of the co,, 
with cloy which gave the same results bvl 
was messier. The ideal way, as already pointed 
out, is to be oble to regulate the amount ol 
force of the blow in such a way to deta<h 
but not project the blades. This calls lo, 
practice and repeated experiments with the 
some material. 

Our experiments in blodemoking reveoled 
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technological differences which were signifi
cant when related to those of the aboriginal. '· 
For instance, we noted that blades mode by 
th,s technique of knee-holding were similar 
to the Clovis blades illustrated and described 
by F. E. Green ( 1963). 

The major d ifference between the Upper 
Perigordion (or Corbioc) blades and those 
p,oduced by this technique is in the degree 
of curvature of the blade and, interestingly 
enough, is the some difference noted between 
the Blackwater Drow blades and blades from 
Upper Perigordion sites. The Blackwater Drow 
blades hove most of the characteristics of 
the Upper Perigordian blades, except that 
they ore strongly curved, and so resemble 
those mode by indirect percussion without 
rest . They resemble rather the Aurignacion 
blades or other cultures for which the stra ight
ness of the blades was not overly important . 
The fact that a rest is or is not used may 
oppeor to be a minor technological tra it, but 
,n real ity a pronounced curve in the blade 
indicates a major difference in manufacture. 
From our exper imenfs, strongly curved blades 
ore the result of leaving the core free to move 
•hen the blow is given on the punch, and 
!lot or gently curved blades result from im
mobilizing the core by a support placed at 
the distal end, the side of the core being pre
pored in such a way that it is more or less 
1traight itself. It is interesting to note that 
o minor change in technology con cause a 
ma jor change in the type of blades, a change 
•hich can sometimes serve as on orchaeolog
l(OI index to determine traditions and/ or cul
tural differences in time and space. 

In terms of reproducing the sequence of 
r,ents in blademoking, some of the b I ad cs 
from Blackwater Drow represent the first 
lloges of blade manufacture. These blades 
btor an the dorsal side the co rt i ca I sur
fa<e of the core, and hove a triangular cross 
MCtion. One of them (Green 1963; Fig . 3d) 
1ttms to show on its distal port the ridge of 
preparation of the core for the first blade. 
This indicates the aboriginal flintknopper took 
lull advantage of the additional strength pro
vided by the single ridge on the dorsal sur
foct. But this first blade fell short of toking 
•ith it all the ridge; port of it stayed on the 
COl'I and was token away only later. Follow
ing Green, these blades hove been used in-

tensively to cut and scrape, even the ones 
with cortex on one side. These . naturally 
bocked knives were already known by the 
Mcusterions . Other blades from th is cache 
hove a trapezoidal section (Green 1963, Fig. 
46, e) and represent blades detached later 
from the core. This technique is to be d is
tinguished from blades with a trapezoidal 
cross-section . Blades with triangular c ross
section ore stronger since there is a grea ter 
moss of material than occurs on blades with 
a trapezoidal cross-section. 

If we mentally reconstruct the core from 
which the curved Clov is blades were detached, 
it would be quit e conical with pronounced 
curved blade scars on the sides. Also, the 
angle of strik ing platforms, in relat ion to the 
longitudinal a xis , would be the some on th r 
core a s is exemplified on the blades. It is CJ 

common practice to form a regular surface on 
the work ing face o f a core by first removing 
cortex flake s and blades . Blades mode dur ing 
preforming to make the su rface of the core 
regular, hove a functi onal edge and, with the 
cortex used a s bocking, they serve os exce l
lent knives and cutt ing implements . The re fore, 
it is not surprising that a cac he of suc h blades 
was fou nd; but it is imprac t ical to assume 
tha t the Clovis people def ined the sophist i
cated technique of b lade moking a nd then 
ceased detachment a fte r the first se ri es of 
blade removal. It is highly possible tha t o ft er 
remcving a seri~s of these curved blades, the 
Clovis people went on to a rest methop a nd 
ultimately produced straighter blades. This 
thought is, o f course, hypothetical but is cer
tainly substantiated by the Clovis scrapers 
which give evidence of flatter blades, trap
ezoidal in cross-section. 

Strong I y curved blades ore unsuitable 
blanks for projectile points for it would be 
very difficult to straighten them by flaking 
both surfaces. Further, Clovis project ile poi nt s 
vary in size and form, and only the smallest 
could be derived from blades of the d imen
sions of those from Blackwater Drow (Wor
nico 1966). The majority of Clovis projecti le 
points were derived from preforms consid
erably larger than the fin ished artifact (Agen
brood 1967; But I er 1963; Haynes 1966; 
Wormington 1957). The indications ore that 
most of the Clovis points were not der ived 
from blades, but rather from large flakes 
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or bifociol blanks farmed directly from · a 
nodule or a slab of flint, or chert . Therefore, 
ot present, one can assume that in America 
os in · Europe blademaking encompassed a 
group of technological traits not directly re• 
lated to bifocial projectile paint manufacture. 
However, the Clovis blades represented in the 
Blackwater Draw cache give an incomplete 
picture and until mare blades and, hopefully, 
cores ore unearthed, many technological de• 
tails will remain uncertain. 

Of further note in Green's report is an 
illustraticn showing one face of a core from 
a surface collection in Comanche County, 
Texas (Green 1963 : Fig . 8, 161). It is almo.st 
a duplicate of some cores we produced in 
c ur experiments with the Upper Perigordian 
technique. It is a unidirectional core, and 
the blade scars ind i cat e that the blades 
should hove been flat , not curved, and feather• 
ing at their terminotion. This core seems ta 
shew on lhe left, the lateral flake scars 
showing the Corbiac type preparation. The 
blades probably were detached with o punch, 
lhe ccre being poised on o rest, and probably 
wculd show o very slight curvature, small 
striking plotforms, and unaccentuated bulbs 
of force . 

Conclusions: 

Indirect percussion without rest resulted 
in typicol Blockwater Draw Clovis style blades. 
However, Bordes points out that when he be
gon making blades with the punch technique 
he did not use a rest and did not hold the 
cc-re between the knees . He placed it on the 
grcund and got curved blades with unidirec
tional cores. So it seems that curved blades 
indicate a technique in which a hard, or 
resilent rest is not used, while straight blades 
indicate a hard rest, and probably also a pre• 
forming of the core in a slightly different 
fashion. However, one should not conclude, 
on the base of. one or even a few blades that 
such or such technique was used, since some• 
times it happens that one gets curved blades 
with a hard rest, or straight blades with a 
soft rest, or. no rest at all . 

The presence of Clovis blades in the New 
World does not necessarily indicate a blade 
culture, but only an industry and the knowl
edge of blademaking. Blades are superb cut• 
ting implements, particularly for dismember• 

ing large game. Upon becoming dulled, they 
may be modified into other assorted tools 
with a minimum of effort. The limited finds 
of whole blades and cores would seem to in
dicate a shortage of suitable raw mater ial for 
making blades . Blademak.ing is a conserva
tion measure as well as a means of avoiding 
transportation of surplus material long dis
tances from a quarry. 

Blade industries ore represented in many 
parts of the New World from the Arctic to 
South America. Technologically, blademak
ing encompasses a wide range of variations 
and modes of detachment, vorious flintk.nap
ping tools, methods of applying force such 
as direct percussion, indirect percussion, pres
sure, and any combination of the three, Nu
merous techniques and technological traits 
are represented in both forming and prepara
tion of the surface prior to removing blades. 
Last but not least the relationship of tech
niques to the raw material is involved. 

Since the discovery of the large, thin, pre
cision flaked bi facial implements at the Simon 
Site in Idaho, (Butler 1963; Butler and Fitz
water 1965), Don Crabtree has spent much 
time experimenting with various techniques 
to resolve this method of thinning. Replicating 
these implements presented a real challenge 
for they were thinned by the removal of in
credibly large, rapidly expanding flakes from 
both faces and all margins. Their manufac
turing technique was unique because: 

(I) The area of fracture of the flake scars 
on the artifacts is many times the 
area of the transverse section of the 

. artifact. 

(2) The amount of force necessary to re• 
move a flake of this dimension in re
lation to the thinness of the implement 
would almost necessarily be too great 
to detach the flake without breaking 
the artifact. 

(3) The angles of imported force must be 
calculated with incredible accuracy. 

(4) The intensity of the percussor must be 
calculated to correspond to the area 
to be fractured. 
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(5) The contact point of the percussor and 
the impact area of the artifact must 
be diminutive, yet strong enough to 
withstand the force necessary to re
move such a large flake . 

All these problems caused me to experi
ment with various thinning techniques. Al
though the following described method pro
duces replicas of the Simon material , I can
not resolve this as the actual technique until 
further experiments are conducted. At the 
Lithic Technology Conference in Les Eyzies 
(Jelinek 1965; Smith 1966), Bordes and I 
had tentatively eliminated a d irect percussion 
technique and also dismissed the possibility 
of a rest . Now, finally, we had a chance to 
experiment further with this type of biface 
thinning. 

Thinning of bifaces; first by direct and 
then by indirect percussion: 

Indirect percussion with punch technique 
was further tried for thinning large bifacial 
implements such as knives, lance and spear 
points, large thin discs, and flaked scrapers. 
This technique includes two phases or steps 
of fabrication by first direct, and then by in
direct percussion. The artifact is first pre
formed from a large thick flake, or by remov
ing most of the surplus material from a large 
nodule or rough mass of quarry material, by 
direct percussion with an antler billet or hom
merstone. Then it is later refined with the 
indirect percussion technique (Fig. 8 al. 

Preforming by direct percussion: 

(I) The rough material is placed on the 
thigh of the left leg which is covered with o 
pad of several layers of buffalo hide. This pod
ding supports the objective piece and, at the 
same time, dampens the shock. induced by 
the percussor. During the preforming stag~ 
of manufacture, the objective piece is held, 
not on top, but rather on the outside of the 
left thigh. The support provided by the padded 
thigh relieves the left hand of the entire sup
port of the objective piece and frees the hand 
to manipulate the piece into position to re
ceive the blows of the percussor. The pod also 
protects the left hond from bruises and cuts 
from the flakes as they are detached from 
the objective piece. 

When maximum thinning and form in, 
has been accomplished by direct percussion 
then the marginal edges ore turned, or bev 
eled . This is done by pressing the edges o . 
the artifact on a basalt cobble until the co r 
rect angle is attaine,:l, The angle is variable 
depending on the form of the piece bein \ 
worked. Then the longitudinal edge is rubbe, 
on the basalt cobble until the leading edg, 
is slightly rounded (Fig . 8 b) . This bevelin~ 
and grinding strengthens the edges so tha 1 
any part of the edge can be used as a stri k 
ing platform and, therefore, individual plat 
form preparation is eliminated during the nex, 
step of further thinning the artifact by indirec , 
percussion. 

Thinning by indirect percussion with punch: 

(2) Now that the worker hos reached th , 
limitation of thinning and forming the ort i 
fact by the direct percussion techn ique ( I >. 
he further refines the piece by indirect per
cussion with punch (Fig . 8 al. 

The objective piece is placed _on the pod 
on the inside of the left thigh with its 11 01 
side resting on the pod and the leading edge· 
upright for striking to detach flakes on th l 
side resting on the left thigh . The knees a«· 
pressed together to ho ld the art ifact in posi 
tion . Only the edge of the ob jective piece i· 
exposed to permit the tip of the punch t, 
be placed on the prepared platform part . I 

find that the artifact be ing supported lengt h 
wise on the leather pad and held firmly b, 
the pressure of the thighs has a dompenin0 
effect which reduces the amount of breokogl 
when detaching large thin wide flakes . Th~ 
angle of the punch is approximately the sam, 
as that used in detaching blades from the core 
However, unlike the detaching of blades Iron
a core, we ore not using a ridge to guide the 
flake removal. Consequently, the lateral edge, 
of the flakes expand. The tip of the punch i· 
oriented in alignment with the horizontal a xi· 
of the preform at less than a 45 degree ong l, 
while thinning the sides adjacent to the lat 
era! edges. Thinning of the proximal and dis 
tal ends is accompl ished by placing the tip o ; 
the punch at the some angle as above, bu , 
pointed toward the gravitational center of th, 
artifact. Gradually, the angle of the puncl 
is increased as flake removal nears the mid 
die of the artifact. Flakes will have to term 
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inate in the midsection of the artifact, other
wise they will remove the apposite edge. 

The punch is struck o sharp, quick blow 
wilh no follow through . If a heavy blow is 
struck with a heavy percussar and o follow 
through used , the opposite edge of the arti
fact will be removtrd. For extreme thinning, 
a caribou antler percussor is used because 
caribou has a flared, flat surface and the blow 
can be del ivered on the flat part . This gives 
a g, ea ter contact surface, thereby increasing 
lhe accur,icy of the blow. Because the weight 
of the artifact is less than a care, the blow is 
modified. The worker strikes the punch o 
short blew with greoter velocity which prevents 
undo movement of the art ifact . This allows 
extreme thinning because it removes o thin, 
rapidly expanding flake which will terminate 
in a hinge fracture at the median line of the 
artifact. The curvature of the flake deter
mines the convexity of the transverse section 
of the implement. Usually, one entire margin 
is worked in this manner and then the arti
fact is reversed and the some technique ap
plied, but having the flakes intersect the 
previously struck flake scars. 

Thinning o bifoce with this technique is 
difficult and requires much experimenting to 
judge the proper intensity of the blow and 
to diss ipate the force before the flake travels 
across the entire surface of the artifact and 
removes the opposite edge. This technique 
produces flake scars which ore very similar 
to those found on the Simon Site material (But
ler 1963; Butler and Fitzwater 1965) and De
bert bifaces (Byers 1966; MacDonald 1966). 

Indirect percussion with foot-holding: 

This experiment involves the further thin
ning of a bi/ace which has been previously 
preformed with an antler billet and simple 
direct percuss ion . After this in itial step, the 
preform is placed on the ground, or o layer 
of damp sand, held in place by the foot and 
further th inned by indirect percussion with on 
antler billet and an antler punch. In this in
stance, the percussar was a splayed section 
of reindeer antler. 

The platform surfaces of the preform ore 
prepared by beveling and grinding the edge 
ta strengthen it to withstand the force to be 

applied during flaking. Then the artifact is 
placed in o horizontal position with the long 
edge of the beveled side flat on the ground, 
carefully nested until it is evenly supported 
by the earth or sand. Then the worker kneels 
on the right knee with the body bent forward. 
To stabilize the body, the left knee is posi
tioned at the left side of the upper chest and 
the left foot is placed an top of the art ifact 
but with the beveled edge exposed . Only 
slight pressure is exerted on the artifact by 
the left foot, as too much pressure, or an ir
regularity of the support, will cause the arti 
fact to be broken when force is imparted to 
the punch. 

The punch is grasped in the left hand 
by the thumb and fingers and held vertical 
to the long axis of the artifact, but slanted 
awoy from the operator ot on obtuse angle. 
The exact angle is determined by the cross
section of the artifact and by experiment. To 
insure firm seating, the tip of the punch 
is placed as near as possible to the leading 
edge and yet not into the body of the art ifact . 
If the punch is placed too far in from the 
edge, either an excessively thick flake will 
be removed or the objective piece will break. 
Also, if the tip of the punch is placeJ too far 
inward from the leading edge, the platform 
part of the flake will expand and a large 
lunate section will be removed from the lat
eral margin of the artifact, causing malforma
tion. 

Generally, .for the first flake removal, 
the punch is placed on the lateral margin 
at the base of the artifact. This is the strong
est part of the artifact and therefore permits 
the experimeter to be fairly bold with the 
first blow without danger of causing on un
predictable fracture of the object. This blow 
will be the criterion for further blows and 
one should examine the results to determine 
if the flake and scar have the anticipated 
character. If the flake is too short, then the 
angle of the punch may be repositioned to 
direct the force more inward into the body 
of the implement being fabricated . If the 
flake is too long, then the angle of the punch 
is held closer to the body of the worker. The 
amount of force is delivered in accordance 
with the size of flake desired. Only experi
ment con determine the amount of force 
needed. 
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Flakes are removed bilaterally from both 
margins in this some manner ond the force 
is grodually dissipated as the flakes are pro
portionately reduced in size as the thinning 
process nears the tip of the artifact . When 
one margin and one face has been flaked, 
then the edge is reprepored for removal of 
the next ser ies of flakes from this same edge 
but detached from the opposite side. 

Our experiments with this technique wen, 
successful and we concluded that it had pos
sibilities of having been used aboriginally. 
However, we felt that additional experiments 
were necessary before any definite conclu
sions could be reached. 

The techniques of foot-holding and knee
holding (previously described) ore the some, 
except for the manner in which the artifact 
is held. The one major disadvantage of foot
holding is that the flake is removed from the 
blind side of the artifact, whereos the knee
holding technique permits instant examina
tion of both flake and flake scars. 
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Fig. 1. a, unidirectional unifaciol core with important features labelled; b, bidirectional op
posite alternate core; c, unidirectional conical or pyramidal core; d, bidirectional op
posed angular core. 
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Fig. 2 Stages of preforming a blade core : a, removal of first flake; b & c, removal of inter • 
secting bifacial flakes to form ridge; d, edge view showing bifaciolly flaked ridge, 
e, edge view showing straightening of ridge by removal of small flakes from margins of 
lateral flake scars; f, side view of core preform showing proposed removal of the end 
to form the striking platform. 
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