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THE FLINTKNAPPERS MATERIALS 

by Don • Crabtree 

A ba•ic step in determining and intorpretin working techniqu s of rtifact 

m.anufactur 1 n und ra nd1n of th rop r stone for tool in ncl re~oncillng 

the r lation hip of techni u a to ateri 1. Thia ts easenti 1 cau•• th~ t e of 

material u ed ha a direct baring n thoda of nufacture; poor materi 1 re-r tricting and fin material allowing the toolmak r to contr 1 the thickne~s, width. 

I r length and uniformi y of the flak a . Wh n one is abl to control he four di nsions -

V thi kne s. width, length and curve - wh n removing a flak, he c n then produce lmoat 

any tool he y n ed. Furth r, work.in tnowl dge of th ston is e aential to the 

u 
pper, as any variation in ite quality r quir • a diff r nt method of flaking. 

This text ill tt t to de cri nd re ue din the 

toolmaking ind y, to r olv -vhat type of sto i■ acl table or flakin and to 

0 larify o, of th working prob le 

knapper. My an ly is of lithic 

relat d to t rial which confront a flint .. 

terinla is based on thirty ye r of ori nts in 

stone orkin and may differ froo the miner~logi t's definitio becaus our purpose 

ta not the sa 

Wh tare lithtc materials? Id al lithic teriala are kind• of atone with 

th n c sary pro rtte of textur > 1 ticity, and flexibility . They uat be of 

n even textur and relatively free of fl ws, cracks, nclusions. cl avage planes 

nd grains, in order to with tand tho roper a ount of shock and fore necee ary to 

detach flake of a pr determtn d dimension. en th re uired amount of force is 

applied to a properly pre ared platfor, a con is for d and, ther fore, portions 

of the stone can be r moved producing fl kes 1th very shar cutting edg. Th r 

ta relation hi to i otroptsm and conchoidal fracture, bu th final r sulte 

depend on the surface and the conform tion of the at rial. Th tr !nation and 

ah pe of the fl kea r controlled by th desire and ability of th per on apµlyi 
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the force and, therefore, do not always resemble the shell-like or conchoidal 

fracture . 

Synonomous names are sometimes used to describe the same material. For in­

stance, slate is sometimes described a metamorphosed clay, metamorphosed sandstone 

called quartzite, silicified sandston called quartzite, hornstone called flint, 

flint called chert, chert called flint, green jasper called blood tone, etc. When 

speaking with other flintknappers, i .e., Dr . Francois Borde, Dr . Jacques Tixier 

and Mr. Gene Titmus and we want to encompass the entire field of adaptable working 

minerals, we generally use the words "Uthic materials", "flint-like materials", 

or simply "silex". The word silex has the advantage of unifying a single group 

of isotropic materials but the disadvantage of not indicating, by name, the dif­

ferences of character, texture, color, etc:. Therefore, we sometimes qualify these 

terms by describing sources such a ''French flint", ''Flintridge, Ohio flint", 

'toanish flint", "Oregon obsidian", "Idaho Ignimbrite", etc . This gives i.m:nediate 

identification of material and conjure up a quick mental picture of the minerals 

and the problem or bonus qualities contained therein. 

The stoneworkers first concern in choosing working material is quality of 

texture and this 1s governed by the finenes or coarseness of the microcrystalline 

structure of the material . Generally, the coarser the stone texture, the tougher 

and more di££ icul t 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 dge . Others haven't sufficient strength or flexi-

bility to permit detaching a long thin flake and will break off short c using multiple 

hinge and step fractures. Personally, I cannot do the well controlled pressure 

flaking on coarse-grained materi ls that I can achieve on finer, more closely-grained 

stone . The few col lections I have had an opportunity to study have revealed this 



same relationship of well controlled flaki to fine .. textured terials . Therefor, 

I re iterate that we st consider material in our analysis of tools• our explaaation 

of type, and the tudy of technology . 

Each source of ston has certain attributes of which the worker is aware . For 

exa le ; when Dr . Francoi Bordes and the uriter were doing some experimental work 

at the University of California at Berkel y, materials for our project ware from 

lo ation. , i.e . • out rn France, Nor thern Franoe, Indiana, r many and dlver 

llnCalifornia (2 locations), Oregon and Idaho, representing seven widely separated 

'-...../ sources . After a week of workin, the terial were almost entirely utilized and 
I 

~ th resulti array of £la s w e one big heap . Yet , if any single n flake had been given us• and thi ap- cned, we could identify it origin withou 

U errot: . Thi$ erv ., to eurphasize the faot that after the toolmaker has worked with 

a iven material h will be able to identify its peculiar properties. 

D A toolmaker's method of identifying good lithic materials is: texture, luster . 

surfac char.act r, cort x (rind), color, tran par ncy , sound, flexibility, sharpneH 

of r moved fluke ~nd p rhaps most 1 ortant, he amount of resistan~e to the ne-

ss ry fo;ce required for detaching a flake . The degree of luster is used as a 

to determine 1£ th. stone will pe-rmit him to t<egulate the 

amoul~ of force cossary to remov a flak of a given di nsio, and is one of the 

mot us ful attribute$ for deter ini workability . Variations of luster include 

glassy, ,,axy , gren y, satiny to dull, matt, flat 1 su ary, fine crystalline, medium 

crystalline, coarse crystalline and sandy . 

Most types of suitable lithic mAter1als have identifiable qualities recognized 

by the stoneworker . When choosing material, he will determine th homogeneity of 

the ma. s, pptai•e the texture and lu ter, and choose the raw material of appropriate 

size to produce th si -e and type of finish d tool he desires . A myriad of bright 

colors is desirable. but color, in moot instances, does not indicate workability of 

stone . When making an appraisal of the workability of flint• like m.aterials, one 
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y first tap the atone (llghtly to reven brutaing) nd 11•ten to th sound of 

the ta· pt • lf the atone gives oft a ull aound, one c n expect undetectable cracka, 

fiaeur • a lanea of ••• ver, if the stone has a ah rp ring, the chanc a 

re good that the terial ~11 be of working quality. One may then r move a teet 

flake, or clea the ato to xa 1 it further. tf thi• ah a th material to l>e 

free of cryst 1 oc ta, foreign d posits and ehowa th right lu ter, then the 

worker •• • the ,tone wlll lend itself 11 to the manufacture of an artifact . 

Th final outc , of couree, will depe don the aki11 of the worker. 

If the trial ie 1ecured fr pebbl and cobble alluvi 1 d poaita, thy may 

h ve lot a sre t deal of their identity due to pounding and rolling in the water . 

However, tbie olling and poundi gtve1 clue to the workability of the stone. 

The proj ctlona and irT ular ad•• ree tve the gr ateat portion of the impacts 

nd each t th atone b pe against al'lQt er cobble. a distinctive bruis• ie pro-

duced. Each of these bruises is ctually a co • Th ltltud of conae are super-

osed at r nd intersect o another, re iniacent of the eurface of the moon 

or to at e 11 "gooae b ". Thia typ of surface enable• one to identify 

which cobb1 hae the deeir bl• working propartiea. Cobble lacking this type of 

surface can be aes d to be ranul r an4 unfit for the nufa ture of etone rttf eta . 

Often r ference ie de to a large thick biface, irregularly aurface-fl ked on 

unauit ble teria.l • "crude heavy bifaee", "crude percueaion work", or ''crude 

preeaur work" wh r aa, in reality, the worker aa a skill d crafta n to have 

produced any type of tool conelderi the poor quality of th atone. A 1t011 rker 

will alwaya rel t the quality of the workmanship to the tertal. Poor terial 

hoving skilled nd controlled surface t chniquea definitely i dicatee good workman­

abip. Good quality material skillfully worked lao denotes good workmanahip. But 

cannot reverse thi• procedure and •• th t any artifact showing controlled 

work denote• good t;:erial. We u1t keep in mind the human factor of finding good 
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work on both good nd poor stone and oor rk on both good and poor material . Also 

a factor in analysts ts that oma do not recognize thermally treated stone and may 

be viewing altered stone nd calling tt good material wheres it could actually be 

inferior atone improved by hat tre t tt1ent . ut when we see poor work on quality 

atone, I think, it ts safe to ssume th t we are viewing unskilled work unless we 

find that the worker waa merely preforming good material which was later t o receive 

the refined techniques . We can relate techniques to material but we cannot relate 

111Steriat to technique•• and must be careful to judge charaQter of material before 

we appraite the uaU.ty of the vork. 
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VARIETIES 

(1) CRYSTALLINE V IETIES OF SD..I 

(2) 

ock Cry tal 
Quartzttes 
Sandstones, Conglomerates. Dr ccias 
ull artz 
ovacu it 

YPTO YST. LINE VAR TIES OF SU.I 
(Si 02) 

a) Chalcedony 
Chalc donic lloc 
A at 
Onyx 
s 
Sardonyx 
Chry opra e 
J 
Bo "on 
Or nic nlacements 

Ca ta 
ood 
0 

Algae, tc. 

b) Pli t 
Chert 
Horn ton 
Lydt nston 
Touchston 

Opnl 

V IETIES OF SILICA 
) (Si 02) plus H20 

O?alita 
Silica Gel 
Opalized Wood 

Bog 
Organic e lac ment 

(4) IGN · OUS ROCKS 

Obsidian 
itchstone 

Ig imbrite 
lt 
lit 
site 
1 

Tektit 

(5) SD..ICIP'IED SEDIMENTS 

eld ermeabl oc s 
SUicifi d edtm nts Shales 

Cly 
iliceou Limes n s 

( 6) METAMORPHOSED OCK 

(7) EXOTICS 

(8) EXPER 

ind Porphyrit c Rocks 
tzit 

Gl s 
Porcel in 
Ic:o 
Resin 
St.:irch 
nthr cit Coal 

Cold t ar 
C 1 o ite 

Mot olid non-fiberous m terinls 
uch bon, concr te, building 

stone, etc . hav se 1-conical 
fractur. 
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INDIVID 

· ollow1 is a sto or r's gen r l classification and description of various 

lithic mineral, according to the a ov ou tin, useful, i different degrees, to 

the U111nufacture of stone tools . 

The firat four groups of th above ntion d outlin re, by far, the most comnon 

used by both pat and pres nt stonewor er . Ign ous rock ar not a p rt of the quartz 

family, but, when availabl, play d an 1 ortant part as source of material. Slli-

eous sediment tamorphosod rock ply d a ode t part a ource of mat rial . 

1. 

(a) Quart~ 'ry 1: Th use of this variety for king tools a rar • Sources 

ontaining cry 

quartz cryst l 

if£ rently fro 

xagonal syste 

cry tal may b 

tals lal' eno gh to ake tool of dequate siz re UUCOltlllOn . When 

is wsed in th manufactur of fla d tool , it st b treated 

the cry tocrysta lin vari t a. artz cry t is for d in the 

round a e d crystal an<l, at ti es, the growth att rn of the 

c 11 d phantom quartz. Th quality depend on the 

d gre of homo ne ty, so the mor tightly joined th growth planes, th better tho 

terial . Som varieti of 11-d find xis whil other, like 

Braz· an ?abble, show littl or no grwth atterns, ving th character of glass . 

Most quartz cryst ls, however, do have fl,t pl n s of growth par llel to the sides 

of th crystal. In order to produce a good tool of quart cryotal, it must be 

oriented with n axis of the cry tal, that is, th proposed artifact ust be p rallel 

to the flat side of one of the ix side of th crystal. When this is done, tho 

applied fore ill ove th flaks across t e growth p tt r a thereby permitting more 

uniform flak s to be detach d with th minimum of steps. If this pro<: dure is 

fol10t1 d, th r ult will b a thin, uniform artifact. When the -artifact is made 

from a cro a-section of the cryst 1, the resultant tool ill h v multipl 

fractures because the growth patterns will not llow a lo fl ke to be r CK>ved due 
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to the intersection of so any cle vage pl anes of the growth p ttern. The resulting 

rtifact will e thick and ill -formed and no ount of skil l can overco the dif• 

ficulttee . 

(b) Qyart~it • and Stltcified Sand1ton: From a atone orker'• point of view, 

there are at leaat two types of quartzite•• the te rphoaed sandstone and the 

silicified aandston • They are not re dUy detected and def in d by eye, but when 

hey are worked the difference is vident . They can both be percuaaton flaked, but 

there is rked differ nee in their work bility. Th. type of quartzite th t b a 

en ce nted by chalcedony joining the granules of quartz to ether (ailicified 

sandstone) allowa more control of fl kin than the tamorphosed vari ty . There ie n lao a differenc i f th material ta for d of ngular s nd lmtead of rounded s nd 

U rains. The brecciated al11ca cemented variety 18 the most desir ble b cause it will 

allow long, thin, l l •controll d flake, to b detached while t • material composed 

o f the rounded grains will not have as ch lastictty. The brecciated and the 

rounded var ietie■ r spond readily to h at tr atmant if the trtx, or ce nting 

medium, ta cha lcedony or a et~tlar type of cryptocryst llin ■ilics . The ta• 

morpho• d type of uartztte appe rs to hav been formed by heat and pressure until 

it is vulcanized into a dense, co act st with the bondtn agent unidentifiable . 

Thia vari ty haa little or no response to the theraial treat nt . laboratory analysis 

of the different t ea of quartzit • would• perhap • rev al ch that would b useful 

in promoting 4 better understanding of this material ao useful to the flaked tool 
I to 

induatry . Met morphoaed ■andstone bas the quality ot,,.,~ s ::nul r edges 

which w a of ch value to th aboriginal . It is moat useful for forming bone, ood 

and antler, but uu tiefactory for refined toolmaking. Flakin techniques are limited 

to p reunion. 

(c) Sandptone and Copglomerates : Metalll(>rphosed sandstone has be n discussed 

under the uartzitea . S types of sandstones can be useful for king thick, heavy 

tool when the percuaeion method ta used, but moat of the material is not suited 
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for pressur flaking. The size and type of sand grain and the typ of o mentins 

material ~ill have a direct relationthip to the quality of tools produced . Since 

sandstone ha• •o many variations. it ie difficult to diecua1 the · 11 . When one ii 
~ ~ I, . 

making an appraieal of sandstone, the first consideration ii texture)\ ,,,, thf, ti~ _., . 

and kinds of sand11 and the joining of the grains whether by silica or calcium 

carbonat or other gency. A further appraisal uld be the sonorous ton produced 

striking the stone with a hanmer. The final test. of cours , is to apply the 

haainerstone . The moat workable end tone 1 have found ta the quartzite or silictfied 

sandatone fro Hell Gap, Wyoming . 

(d) Conglomerates and Brecct a: Tbetr work bUf.ty will d pend on what materiAls n the brecci and gravel are composed of and the quality of their bonding agent . 

U Both must be pr dominately quartz. If both br cc1ae> gra~ ls and bonding agent have 

the same degr of ho ogeneity nd texture. then we have a terial that ta ideally 

o suit d for toolmaking. 

(e) Bull qu. r z: Thi type of silica is the pegmattte, or v in , variety usually 
I 

w.> 
found in 

IA.> 
color, of snow wbtte.,_ opaque and • so ti s/\colored by 1 urttiea . 

This type of quartz ia one of the least d sirable for makin flaked tools, for the 

fr cture is unr liable and the resulti tools are ueually thick and ill-for d . 

Much skill ta necessary to make eve av ry crude artif ct from thia aterial . The 

edge are usually dull and the surface covered with step-fractures. ~iffl".....,lffffl"P"1"z 

· onl:y i1i onrtble fo:r-t~- eiMFG~P-l!md~!!'ite 

(f) Novaculit ; I have not had sufficient sample• of novaculite to describe 

this trial or fully appraise it properties. However, fro y lt ited ex;ierience 

with this stone, t find it indiettnguiahable from many other matertala used by the 

aboriginals . The a r:nples I have are from Arkansas, but they y not be representative 

of the site . Thy are fairly coarse-textured, being co osed of 1crogranular quarti, 

and would fall in th category of good quality silicified andstone . W. R. Holmes 

~ E ~ 
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(1919:196-200) d acribes novaculite a bei g th same as chert and chalcedonies 

with some h vin color. 

2 . CRY CRYSTALLINB VARIETIES or SILICA 

(a) Chalcedony: Chalc dony ts prob bly the purest form of the cryptocrystalline 

ilica . In its pure formt it ia transparent or semi-tr n luc nt r sembling arnffin 

wax. Trac of foreign DU t rt 1 and min ral salt may c u e it to have tint of 

white-greyish, pal brown, dark brown, or black. The tendon color is th most 

co on variety, h ver, it may 1 o be yellow, amber, orange, rd and someti • 

it is even a delicate blue or purple . It is also found in other hades and these 

ar given oth r names. Agate is a variegated chalcedony with tho color arr nged 

in delicate concentric bands, fr quently lter ting with lay rs of opal . Thee 

bands often follow the irregular outline of the cavity in which th ailic wa1 de-

osited. Thi applies to banded, fortification, ribbon and oth r patterns found in 

g te. Some of the varietie of ag te are eye, tub, tortoise hell. mocha stone, 

scenic, moss, plu , iris, 1hadow, etc. ' ockhounds" have many uh-titles and many 

"ites" to identify the various for of nd chalc dony nd 3re surprisingly 

well-info d about the ource of thee tn rals both for ign nd domo tic . If 

the stri es and layers of chalc dony re hori ontal, it i then c lled onyx . Chry o­

pra e is a gre n chalc dony. Carnelian ie the orang -red, or ruat, variety . Sard 

is the brownish red, aardonyx is the sa s sard, but has the altern ting vhite bande . 

Chalce o y is ·ound tn ny and varied textur a which relate to the fineness 

or coars ness of crystallization. The type with th finest icro-crystal 1tructure 

has a waxy lust rand, after heating, th lu1ter is almost glassy. Possibly this 

variety contains more moisture for, when it i heat-treated, it requires more time 

and care during the hating and cooling oft period. · It has at ndancy to craze and 

crack easter than the coarser textured varieties . Of all th trials I have worked, 

this ty?• of chalc dony has all the attributes desirable for 1tone fl king, particularly 

precision pr 11ur flaking. After heat-tre tment, this v riety is oft n confused with 
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opal by thoae who have never atte ted stone pressure flaking 1.'he banded varieties 

of chalc dony ar not•• d air ble becaua of th change of textui-e between the bands 

and layer, . Chalcedony 18 the primary e terial or constttu;tnt tn th formation of 

all the cryptocryat lU.ne quartz f mily rocks . When this form of sf.U.ca. tnfiltrat••• 

filla voids , blend•, tnfuaea, ia absor d rut combined with other minerals and their 

salta, there r sulta the wide range of 1illceoue materials useful for making flaked 

(b) Jaeper : Jasper ll the~ •ult of a combination of chalcedony and argillaceous 

sedunentt or relf.du 1 clay• with a uiultaneou.e absorption or infiltration of th two . 

Frequently the clay, will shrink and leave cracks which will fill with chalcedony. 

~ are well-healed vi.th th cbalcNony ,.cl a hcmogenaou1 

giving the terf.al th ppearance of being fractured . ut, actually, the cracks 

a ie er ated . 

of ja1per it a good lithtc terial and th• chalcedony-filled cracks only add to 

the be uty of th• artifact and do not impede the workability of the atone . Jaaper 

which is gr en in color with red inclua1ons or spot• ls normally thought of, nd 

referred to. aa loodetone . Green jasper i• opaque while cbry1opra1e la eemi-trana­

luc•nt. Actually, green jaaper 11 only an impure form of ch-ry1opr •• . Jaeper y 

occur in various colora . The {fon •alts in their different valenc a produce gre n. 

r ed and y 11 ter1al and. occ atonally, 11 are represented in th aame sa plw . 

It would seem that the Opaque or impure chalcedony should b eldae•d as a jasper re­

gardlees of color , The workability of jaeper is the eame a1 chalcedony, aince thta 

ts b sed 011 tb amount of tmpurttlea and their textur• . at varietie1 of jasper 

cau be euccassfully altered by the thermal tre nt . I hav• found only two exceptions: 

one 1a a coaree•graf.ned greenish type of ailicifiad clay from Tunf.ata which was given 

to by Dr • .Jacque• Tixier . By eye, thia varved matart 1 appaared to be no different 

from other etmllar types, yet, when subjected to he t, th re was no apparent chang 

in the textures or t workabU.ity of th stone . However, we find that the arly 

people of TunialA altered and worked thia terial very succes•f~lly . 



- 12 -

other u lterabl exalilple is an Idaho t rial called ''Bruneau J sper" from 

the rhyoU.te at the bottom of Bruneau Canyon in Southern Id ho. Th s jasper is much 

deaired a.a e tone because of it• very distinctive patterns and was alao used by 

aboriginal man in th t are • Early man wa able to alter this atoae. but, so far, 

I have bad o auccesa with thermal tr 

~ (µ 

• of jae 

nt of this mat rial . Perhaps• with 

r. 
,.,,....,,__. 11t1 and a of 

~ underatandin of what con.■ tituted litbtc materials and the longer I attempt to 

my knowledge of the ltthic matariala, th more respect I h ve for ancient man. 

(o) Ol',sanic nt1 re ordinarily composed of 

increase 

U- re of th cryptocrystalline ailic family nd hav• been much utilized for making 

flaked tool nts . Hera, again, chalcedony plays th 

replacement agent . In previous paragr pha, the variationa of chalcedony are described . 

Chalcedony ls, by tar, th most coauon t•ria.l deposited in voids left by the 

decompo8ition of organic subatanc e and the df.aaolvtng of certain minerala . Casts 

are the total replac nt of the ortg1na.l. without indicati the internal etruetur, 

and they will how the external ·fo only . Replacements may preterve some of the 

internal atruc:ture. Ona of th mot common replac nta is wood but there are many 

other• such s palm roots, aquatic plaitts, alga, bog terial. ahall and bone . 

These material• are uau lly quite distinctive because of th diff rent 1pecies re­

presented aad can usually be identifi d by tracing th ir 1ourcea . When wood casts, 

replaced by chalcedony. are found in edimantary rock.a they appea-r to hav finer 

microoryatal than those similarly replaced but found in lavas . This caua s me 

o wonder tt th aedi nts in which the wood is found may ply a part in det rminin.g 

the cryat llts tion that takea place . 

(d) Flint-like Material! : Flint haa a wide range of fo , textu~e•• color, 

and occurrence, and there are those who usually consider any hard, tough atone to be 

flint nd ge rally think of moat arrowheada aa being made of flint . It appears 
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that there are three predominant forms of flint, the ch~lk flints, th 11 stone 

flints, nd the lighter-colored fOl'ma, called chert . It eeellll to be a coll'lllOn practice 

in Europe not to differentiate between the ailtca forms but to group all crYPtO-

crystalline for of slllca under the on$ of "silex" . Por example, the tool-

ker is commonly c41led a "fUntknnpper" . P'or r 1earch and reading clarification, 

it would appear th re ta a need to dtstingui h betwean the many varieties of this 

mat rial . Thie uld better establish s relationship between the workability and 

character of particular flint, a well as it• geogr aphic dittribution . There ar 

many paradoxical differ nces in flint that are not entirely understood even by the 

flint ork r. °"1twardly, or by visual 1nspection, one flint y appear to be exactly 

the sames anoth r flint from a differ nt aite, yet, when subjected to the . per­

cuasion method of d tachtng flakes, it does not ~ well, while £or pressure 

work it will re pond admirably . To cite an exa let r ce t correspondence with 

Dr . Francoi ordes informed that he had r cei.vod a supply of fllnt from Sweden. 

To quote Dr. Bord s, "Thie t beautiful flint to make blades, works al o fin by 

preaaure, untreated, but it b very difficult to ork by percusaion. A most para­

doxical flind" Re did not 1.ndtcate if thil material was freshly tned or surface, 

but he did say that he was going to aubject this flint to the thermel treatment and 

se what r aults h would get after the heating . 

To date, I can find little or no agreement among the prominent students of 

miners.logy on the differ•nces or simularities of chert . 'l'h dis greement appears 

to be in the definition .. some def in chert as an i ur flint, while others main­

tain that flint i.8 an impure chert . Others argue that chert and flint are the same. 

Again, ther re those who believe that chert is pre-Cambrian and flint ts after 

the time of chalk formation . S0111e use as criterion the different degree, of trans• 

arency or t~an lucency to determine which is flint and which is chert . Others use 

form as a standard, maintaining that flint forms in nodules and chert in seams or 

blanket veins . Some b se thetr decision on color, declaring the dark colored material 
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to be flint and the light colored to be chert. Even among etoneworkers ther is 

disegreement, their crit rion being the workability, declaring flint will ork 

better than chtrt. when, 

homogeneity ad textur 

there ia both goocl and 

ctually, it only represents a degree of quality . The 

of both flint and chert make them tndistinguish ble and 

oor flint and good and poor chert . It is the degree of 

texture of flint or ch rt that determine• the quality. workability and sharpness 

of the r moved fla •• • There ha1 been much writ t n about the behavior of freshly 

mined flint~ aomet1 a called green fllnt.,..dehydr ted flint and hydrou flint . 

It ts common knowledge that when 1 a of flint containing at rare exposed to 

the el mentt they will be in no way aa workable•• fre•hly mined sea removed from 

below the frost level . Continued expo1ure to sun nd frost tll n~turally ere te 

exp nsion and contraction and will, ulti ately> form crack1, plane of weaknes 

and internal atres••• that are und tectable until one atte t1 to eke tlaked 

tool . However, the a ller the pieces, the great r their bility to stand rapid 

ch nges of tam erature. I find that the flakes detached by ancient man are as 

easily orked by pressure as the newly ined mt rial . Of course, this factor may 

be pertinent to only certainty•• of flint nnd much tertal still re ins to be 

test d . It i true that the mor cot ely-textur d flints will allow inore ex~ nslon 

end oontrect!on than the re finely-t tured flints . ror exa le: I have had a 

piece of Gr nd Pre11igny flint which at collected in 1937 by Dr . H. C. hetrone 

and given to me in 1940. I recently made thi into blades and artifacts . t hav 

h d thts material tor d for the•e ny years in an unheat d building and y t, after 

28 ye rs of storage, it was still flawless . ecently , Dr . Bord a nd Dr . Tixier ent 

me some fr sh m tert 1 from this sa loc lity . Comparison reveals no differences 

in workability or character in the fresh aa les snd the Shetrone flint which w s 

stored for so 28 y ars . I do not now how long it takes to d hydrate flint butt 

think th tray sto ed flint indicat s that dehydr tion 1 a long, slow proc •• • 

An additional test of the merits of hydrated or dehydrated flint is brought out 
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in the alteration of flint by the ther 1 ~rocess (Crabtree and Butler, 1964) . 

I heat th flint to 450 degTee• F. for t leaat nty-four hours. fter that length 

of ti the flint hould h ve been dehydrated . The purpoe of heating the flint is 

not to remove the moisture, but to anneal the atone by changing it1 cryatallinity. 

making the flint ore workable and producing a sharper edge on tools . After flint 

haa been slowly heated and c oled, it has much glassier texture which increa es 

the ease with which it 11 flaked whether by preaaure or percueaion . On the other 

hand, freshly mined saturated flint would have dditional trength becaua the 

water filled void betw en the microcrystals ould then trans it the force from 

one microcryat l to the next and pr vent c pression of the flint , thu dampening 

th force. Leia force ould then be re uired to detach flake in fre1hly mined 

flint than in untre ted, dehydrat d flint . This peculiarity ie more notic able 

hen one 11 detaching blade• from a core by percussion. 

High moi1ture content appear• to reduce the brittle •• and ke the blades 

slightly more flexible. Personal converaation and correspondence with Dr . Jorgen 

Meld aard of the ational seu in Co enhagen revealed• of the urop an thinking 

on freshly ined flint . Meldgaard ha• orked very closely with Andres Kreigh, a 

skilled flintworker from Jutland and, together, they wrot the book ''Mand Og Flint" 

reciting their experiences and id as on the 1toneknapping technique• of nm rk . 

They conducted o te1ts with Danish flint under controlled laboratory conditions 

to determine the ab1orption of water by flint . These e per iments proved the s ount 

of water flint wUl absorb i considerable and Mr . Krelgh was of the opinion that 

freshly mind flint wa1 mored airable and permitted more control than the urface 

v riety. 

To further illuatrate the different varieties of flint: in one of our experiments 

at the Univer1ity of California at Berkeley, Dr . Francoie orde1 and the writer re• 

ceived some H rriaon County India fl int given to us by Dr. Ra nd s. Baby of the 

Ohto State seum. Thia terial had weathered out of limestone and was marked with 
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rust s treaks as a r sult of being hit by plow and field tools in the farm tilling. 

Yet. Bordes nd 1 agree that it wae one of the best flints in its n tural state 

that we had ever work d• responding 11 to either preasur or p rcueaion. We 

could see no reason to alter this material by using the thermal treatment. This 

flint must be of considerable age, as it had apparently laid on the urface since 

it weathered from th limeato of the area. This would, th refore, seem to sub-

~ 
stantia_ge my theory that one must conatder the workability of each individual 

material separately, in addition to its mineral class. The many location• of flint 

and other materials each has its own character. 

Those who have worked flint will agree that, in mo1t c se, just under the 

cortex the flint is of a finer textur and is easier to work. When one appraise 

the formation of nodular flint, h will ob erve that the cort x ta the surface of 

the nodule. If th cort xis insuffici ntly mineralized, or partly impregnated 

by th silica for of ch lcedony, and is not a dehydrated flint, th cortex will 

be a combination of the silica and 1 atone, or silica and chalk. This will 

depend on the sediment in which the concretionary nodules of flint wer formed. 

When a flint nodule is formed in a bed of limestone or chalk, the center will 

usually contain a fra nt of fossil organic terial. Around this organic matter, 

microcryatals of silica have formed concentrically if the silica ch rged wat rs 

continued top ate the deposit of chalk or limestone. The growth of a pearl 

in a shellfish by the depositing of acr oue terial on a piece of irritating 

substance it a suitable analogy. The development and growth of a nodule of flint 

has no divisione between the layers of siliceous material if it ls of good quality. 

Often one y notice a change of color in the conr.entric deposits reeulting from 

different amounts of absorbed mineral salts, or a different mineral taken into 

elution by the s i lica charged wat r•. an several nodules are forming close 

to on another they may join. The j oining of aev ral will result in ome interesting 

contortions th t resemble some of our modern art forms and sculptures. The 
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continue growth and joining of nodul a can, ultimately, ak a ledg 01 blanket 

vein of flint . 

Wh n exp rim nti with and examining t cryptocryatallin silica materials, 

I have noticed, on occ sion~ that cortex is made up of comm.on op 1 and und r 

the C n opal there i a change from th non-cry t·lli tot microcryst lline 

and b t en th two ther · a a combination of both. The texture of this portion 

of a nodul i • mi-glasey with a gr•nsy finish ch priz d by th stonewor r. 

Good quality flint ha most oft e attributes necess ry for the making of 

oat fl k d tool i nts. The fr cture of flint produces flakes with a sharp 

dge . This trial h s the uality of toughness which permits on to create a 

~latform that will withstand the ne sary prea1ure or percussion force without 

collapsing. This permit a wide thin flake to bed t ched ithout breaking off /') 
''- ,, -.)<. 

hort in step-fractur • Flint has a resiatanc -~ to "end shock". 

blad a or r from core, th shock on th proximal end of th flake will 

be transmitted to th di fluke, causing a rebound of them a, 

r aulting in broken blade. 

Th re la con id rable variation in the texture of flint , and the finer-textured 

varieti 8 are th most d airable for laking. Th coarsar•t xtured flints do not 

.roduce fl kes with as sharp an dge a do the fi r-t xtured flints . Th ge of 

the fl k.e can b only sharp as th d gr e of microcrystal size . For exa ple: 

a non-cry tall in terial, such as ob idia and opal, wh cl aved or a flake 

re oved, will br ak to the last molecul or to a theoretical infinity; whi le .int 

will break to the last microcry tal, producing n edg with a di inuttve saw ff ct • 

• fle h wound ade by the 1harp edge of flint ts slow to hefll, as its coarse edge 

bruises nd d s roys the tissu c lla, bile obsidian and opal ever the cells and 

a raid h alin can b xp ctcd . Gen rally, the flint cut will h al leaving a scar, 

~hile op land ob ldian cuts will al or r pidly nd 1 nve o sc r . 

In reviewing th many dicttonariest encyclopedias and publications with regard 
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to material•• I ind little or no information rtaini to qu litiee of flint . 

The best deft ition is probably that fond in D~ ' • guartz a ily Minerals 

(1963) . 'Flint is with a dull lust rand ueu lly grey, smoky-browtt, 

or brownish black. The exterior 1 often whit from ixture of lime•tone or 

chalk in which it wae origin lly imbedded . It break.a with a conchoidal fracture, 

yielding a shar c tting edg, and h nee was ea,tly chip ed into arrowh ade and 

ha tch t . " Dan al o • parates flint from chert by stating that chert 1 lighter 

in color than flint nd th t flint is in isol t d nodules whil chert i in b ds . 

When the tool ker r v I all of the cortex and the color ha been leached and 

bleached by exposure and, po stbly patlnated. 4 p~obl m ha been creat ed making it 

difficult to ieti uiah th difference between flint nd chert . Th material 

id nti(ic tion of a finished artifact is; indeed, much mor difficult problem 

than the identification of mat rial tits source. It would appear that for the 

'D purpose of id~ntification of lithic terialt that li tone flint, chalk flint, 

ch rt. horn.stone, Lydian tone nd silex can be grouped ae a unit for their 

qu lities are pr rily the 1 , yet, when the desire is to give a pinpoint d a~ 

cription of certain flint~ more definitiv description should be given. For 

purpoees of identification, pr sent-day min r logical ter hould be used if 

th ir meaning is not synonomoua and th mineral constituonte are di 1i tlar. 

breakdown of the individual flints th t hnv• individual characteristtcs could be 

useful ind t mining th ir aboriginal sourc and the trade an ml r tion routes . 

It y b ell to combine ch4lcedonic rock.a and fltn in one main gro , as 

flints are impur ch lcedonie . Thy are both of the mas ive homog neous crypto­

cry talline v ri tie of uartz . 

It has been known that under c rta1n condition certain forms of flint will 

atinate mor r adily than others . ~y x nation of th teri l in the formation 

of flints, one y be able to identi y diff rence in the lement cont ined in ona 

that is lacki in th oth r . Th amount of CO2. carbon ioxide, or carbonic acid, 
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H2C03, in aaaoc1ation with worked flakes or tools could also have a direct bearing on 

the rate at which the patina may be formed or the depth to which the patina will 

penetrate . One ill note tha the Linde ier Folsom material has little or no 

patination while worked surface trial from other stt s, of no apparent great age, 

i well pati ated. Until a more exhaustive study is done on material , no conclu !ou 

may b drawn, but thia may prove a ne d for further xpertments. 

3 . NON•CRYS'l'ALLINE VARIETIES or SILICA 

(a) 01L l .. Non-crystalline orphous Silica: It is in thi group that we 

have precious opal, common opal, opaU.te, cU.atomite and th variou other amorphous 

replacements of o ganic materials . !h chemical element are c bination of u allicon dioxide and wat r in variable mou ts. Opal has a higher water content than 

the cryptoc:ryatalline varteties of quartz, and ha, a hardneu of between five and 

six on the Moh scale of hardness and can usually be scratched with a knife. It ia 

one of the few minerals that is non-crystalline aud amorphous and i found frequently 

D in botryoid 1 or stalactitic masses or as a replace nt of wood or other organic 

material. It var1 s widely iu colot:' and appearance and has a resinous or waxy 

luster . Th color of opal may be white, yellow. brown, red• green. blue, grey, 

black or any combination of these color . Opal is the most brittle of all the 

lilica minerals. Thin edges of opal can easily b flaked by ~he pressure of the 

fingernail . Opal with a ~ich display of colors i considered a precious gemstone 

but, because of its rarity. played little or no part in •the toolmaking industry. It 

ts safe to say, then, that hen one sees an artifact made of this fir -quality 

variety that it may be considered a mod rn product. 

Many type of opal are easily identifiable due to their differ nt physical 

properties and chem cal constituents . Some of the varieties are; precious opal, 

that showing n brilliant display of blazing colors; gtrasol, translucent and blueish• 

white; common opal and semi-opalj that having many colors but without the fire-like 

reflectio~s~ cacholong, that which is opaque and porcelain vh te; opal-agat, opal 

of different color ahadea , eometimea banded; jaspopal, opaque because of the iron 
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s lt ~nd oth r im;urities; ood o , otal 'l c, re, l cing th subst nee nnd structure 

o 100d; hyuHto, very pure form of o· _al soci.ated uith volcan1.c rocks and occurrin 

in gl.:i s-lt concretions; fiorite, ilic ou sinter; tri olite, consisting of 

sil i.ceous skeleton of diatom' • It i not unco n . for op 1 to re1>lace or n c 

moteri~l , the ost common b ood, bog nd other v et able substances . So .. 

of the Ojrnl replacements ;,re re rkable b cause of the fidelity with which they 

replace every cell and fiber of ormor m ter i ls even to uch ,n ex nt th t the 

ori innl s 1 ecies -ny be deterlllin d. The r plac me t may, on occa ion, be of rec:ou 
(l 

opal such as tl,os found in the Vir 1 Vall y in rth rn t'evnda . However , it is 

the common Cl 1, mi-opal, j sp r•op 1 nd th a ate-opal that nr the most common and 

also th mot u eful for king atone tools . Th• o · iliM 

op 1 in more ma sive be s by replocin the stems, root , 

bo s yield this ype of 

ds and le ves of xtinct 

flor • Th sa beds re now found in edi nt ry d posit as blank t veins . Opal 

rcpl cements are common ,hr volcanic ash h ra idly cov rd th organic material . 

Opal is not a particularly sa.tisf ctory material f r mat-1 larg fl ked ston 

nts. n co of i t high wt r conte t, it is easily we ther d; rapid tem-

perature changes nd ex· osure will r ault in dehydrotion, c us n.g the mat rial to 

er ck and craz. The urface, upon drying , will res table a pi ce of glass that has 

be n hated o d uddenly chilled, c us ing a ltitude of littl inter ecting incipient 

fissure and crack~, y t th pi c will retain its form. Howev 1:, upon ta pi with 

a hammerstone, the opal will sound hollow r r spond with dull thud before it 

disintegr t • This ch r ctr is d!stinctiv only to opal nd could well b u ed 

as a diagnostic f ture in determinin o,Jal from chalcedony. Thi crazing nd cracking 

make surface pal al at inv a for flakin . How v r, oµ l fr ahly dug 

fro blow the frost lin may be work d into 11 artifacts, if work is don 

b fore th ton haa ch nc to dehy rate . 

O~al is often confused with hat-treat d cryptocrystallin varieti of artz 

bee use th lu tr of the thermal-tr at d 1aterial very clo ly amble th~t of opal . 

Aft r the ther 1 tr atment, cryptocryat 111 varieties do r aemble opal, but their 
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hard •• Te the s • Opal, of cour,e, ta• softer ,to and hardnee• tat 

ta one ans of eter ining vhtch 1• heat-treat d material and htch 1• opal. to 

avo1d confu11on e determ1ni the kind f tert 1, one cau resort to a f 

imple teat, to differentiate tween o al nd the heated er tocryatalline teriala 

of u rtz . Pi1:"1t, al can be ecr tched by a knife. Second, op 1 ia much lighter 

by wet ht or one can c are th apecific gravity. Thttd, opal ta unlike crypto• 

crystalline quarta in th tit ta re aoluable in lkali•• • For tnsta11CCJ, o of 

the ony,c varietiH of chalcedony, or b ed agate, may be f. reed in n alkalin 

solution d the l yers containtng opal will be attacked and disaolv d, 1 ving 

the layers of chalcedony unaffected. cause of tu non-cryatalltne structui-e, 

qU 11ty which o al and obald1 n have 1 c..,, ..... """"' opal breaka to a very harp edge . 

It 11 thta qu lity that llOW's a flake to termt te to th last lecul thereby 

producing an de vtth gr at r ,h rpne■a than that of ny tal razor or ~y oth•r 

vari ty of qu rtz . c uae of thia edge, a flake of 0p 1 cen b v ry useful a 

a knif• but Wt to tu brittleness, 1t at be handled with a delic te touch. Ob­

aidi n is ch r deatrable a a lithic teri 1 becau1e it te not u fragile aa 

opal. In apite of tta brittlen ••• al 1 th mo,t • aUy flaked of 11 teri ls, 

ptrmittins very lo inute fla a to detach d with a min o force . Itt 

qu lity of 1 atieity allow• the worker to guide the flake with l••• ffort than is 

exert•d oa ,t other materials . It it unfortunate that op•l has the tendancy to 

era.ze on d hydration, for thie limits th he of the artifact that can be produced 

from tht• t rlal . 

There ppeara to a need for furtb r re•eorch on the combination• of ory• 

etalli and non-cry talline vari tiea of stltc . I h v, on occasion. found trials 

that ppear to be combinaU.ons of ja r and oPlll and oth rt a c inatf.on of the 

v ri ties of chalce.doay nd op 1. The, combinations are nll suited for toolmaking 

tine they 1 ck the high w ter content and, therefor, do not re dtly craz or er ck 

and are not a rittl• ae the purer for of opal . 
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Some v rtette of _i neous rock are aeful for makina flaked atone toola. The 

oat d 1irable of this group re: 

aidian, vole nic l • of granit compo1ition. 

b. Pitch•t • an opa ue r de of ob•idian. 

c. Ignimbrite. a 1 ed volcanic tuff, 

d . Ba lt, a type of extr,uive volcanic rock. 

e. Rhyolite, a 11ght-aolored volcanic rock. 

f. de1it, volcanic i dlat between bat lt and 
rhyo11te in co oaitio. 

• lstte, then uted for both rhyolite and andestte 
wh n a r accurate identification i i o aibl • 

& 
h. T ktit a, a t;,(ortc ori in. 

(a) Obeid! n: A volcc1nic glaea of gr nite co o ttion, consisting of 11 

or potash nd 1tltcat 1th al ins nd iron. It haa a glassy appear nc and it six 

in hard •• on the Mohl 1cale. It 1• vitreous tn nature with a conic l fr cture. 

The primary color ia u lly black, but it 11 e ti s red. brown,~ n and/or 

variously striped or ttled in a combination of theae colors. The •trt tug uau lly 

11 a r sult of the flow atructure of the obsidian. S ob idian ha th qu lity 

of irid scene , xhibiting ralnbow colors nd other v rtetie have th uality of 

chatoy noy, showt a gold nd tlver she n. Both iride,c nt and ch toy nt obaidi«na 

st be oriented to th proper axia to brtns out thi• beauty of the• en. The early 

people of Me1oa tea re aw re of thia aheen and seemed to prefer thie quality for 

th ll'lllnufactur of their po1yh dral corea . Obsidian has 11 the desirable qaaliti.el 

and prop rtiea n ce91ary for ma.kt fl ked tone tools and it st bav b n a time 

of much r joici a ng the anci nt tool k rs wh n · source of good obsidian wa 

loc t d. Today it ta etill thrilling to pay a visit to Glass utte. Oregon and ee 

the beauty of thlB tartal • for ther i no onotony 1.n th ndl s vari ti s of 

swirls, band, colora, irid cence and chatoyanay and it ia, indeed, a delight to 

work. It re4uir • 1 as force to d tach flake from obsidi n than the cryptocryatalli 
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quartz~s and it works equally well for the percussion or >ressure methods. Its 

only drawback is its limited strength. The crYPtocrystalline quartze$ are stronger 

and not as brittle as obsidian. However, th shurpness of the obsidian flakes more 

than compensates for the difference between the two materials. 

The sources of obsidi n are not as wid ly distributed a the chalcedonic 

rocks . Since it occurs in regions of vulcanism, it was widely used in the Western 

United States, Mesoamerica , South America, Iceland and, to some extent , in the 

Mediterranean area and in Africa . It was an,.ployed in the tn11nufacture of cutting 

implements, projectil points, utensils, mirrors, earplugs and ornamental pieces . 

There are multiple grade an kinds of obsidi n relative to workability, ch racter, 

and color and these differences can occur in the same zone of vulcanism. In the 

same volcano, diffe~ent temperatures were r ached which resulted in the production 

of different forms of volcanic gl ss . The high temperatures produced forlllS of 

crystobalite and tridymite• cr•attns ~maJ l spheres, or spherulites, within the 

material with a radiating or spoke-lit tr.ucture and this !s called snowflake 

obsidian. lfuen obsidian contains thees herulites, the structure i weaken d, 

making this material an inferior grade . great deal of the obsidian in th 

Yellowstone Park area contains these spherulite , making it unsuitable working stone, 

as one must first delete these imperfections and, therefore, only mall tools can 

be ~roduced . There is also a difference in tho texture of various obsidians from 

the same site . The coarser-textured varieties have less strength and , therefore, 

are not as desirsble as the more vitreous types . 

The ag~ of the obsidian is also a factor in its workability: the older the 

obsidian, the more internal stresses and strain because the molecular structure 

~ 
is unbal need by trying to reg.sin a cry talline form, making the older materi l 

unpredictable for the manufacture of tools . This phenomena may be likened to old 

and new window glass; a glazier will sometimes refuse to cut old glass because of its 

brittleness . An example of this phenomenon in nature is evident in the obsidian 
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found in p rlite beds. Often it is so brittle from internal stresses that one 

cannot remove the surface by grinding on a lapidary wheel ithout almost exploding 

the obsidian. Much of the perlite is made up of the exfoliated obsidian. Areas 

producing this tyµe of obsidian have the appearanc of being an aboriginal workshop 

due to the exfoltated flakes . Some of the material will even r semble polyhedral 

cores due to the starch fractures caua d by molecular internal presaures. However, 

this type of break is readily identifiable from those man- de, either by pressure 

r percussion. When I speak of old and new obsidian, I am making reference to the 

geological age and, t the present time, the ag ts only relativ • Devitrtfication 

f obeidian i not a function of time alone since it may occur very soon after 

extr usion as a r sult of hydrothermal activity. n Gene Titmus, Henry Irwin and I did some toolmaking work at th Glas Butte and u urns sites and became awar of the additional amount of fo required to detach a 

flak of similar size from a piece of u us obsidian cc red with the cobble found 

t the Glass Butte site. When struck, the Burns obsidian bas a resonance that ie 

D nnoticeable in the Glass Butt materi 1. Until one i abl to mentally calculate 

and· comp nsat for the difference in toughneas and homogeneity and allow for the 

differenc in the force necessary tor mov flakes of qual dimensions, it is 

ifficult to change from the Burns material to the Glass Butte obsidian. 

Some of the sites from which t hav obt ined obsidian for experimental purposes 

are: th Island of Sacrifice near Vera Cruz, Mexico; Teotehuac n, Valley of Mexico; 

East of Magdel na. 1exico; San Blas, Mexico; Glaaa Butte, Oregon; Silver Lake , Oregon; 

Northwestern Nevada; Fish Lake, Nevada; near Cedervill , California; Coso Hot Springs 

near Littl Lake, California; Glass Mountain northwest of Bishop, California; Clear 

Lake, Californta; Snowflake obsidian south of S lt Lake City, Utah; Iceland; the 

West rn slope. of th Tetons, Idaho; Sweet, Idaho; and Owyhee County, Idaho . 

Obeidian requires a different working t chniqu than the cryptocrystalltne 

varieties of quartz. When working obsidian, a softer hammerstone is used to prevent 

the shattering and collapee of the atriking platform. It is also neceesary to use 
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or car in th pr p ration of the platfor to insure their wtth•tanding the 

necessary rassure or .ercu aion force. 

da ened with re care and the force t 

n w kt obsidian. the shock must b 

dir ct d t~ard th center of the maas 

mor carefully. lo, the support i 

in holding t atone b 1 work d. 

re critical nd greater care ust be exercised 

cau ot the fragility of this mnterial, a re-

fine nt o techniqu a ts n c ssary wh none changes from flint-like n1atertala to 

obsidian. 

(b) Pitch tone: vari ty of obai in 1th a co r• r texture . The dg a of the 

flakes re not • sharp, the platform crush or readily th n do those on ob tdian 

and a little more force ia raqu1r d to remove ft ke . I beltev pitchston ha a 

slightly different water cont nt than does obsidian, but, g n rally, the qu litiea n re similar, 

U (c) Ignimbrite : A type of volcan c roe ea ily confu d with obsidian. It 1• • 

h aw ld d volcanic tuff nd br cci ,~ The tuff and r cct is roduced by 

D gn ous ct1vity rtgi.n lly by b :l di ch r d fr vole no in ~he form of ash made 

up of icro l -Hke :> rticl with h 1a qu lities obsidi n . The tuff from 

stngl ruptton y cov r thousand of uar miles and, under c rtatn conditions. 

e alt rd until th glas -like rticlee re joined into one o geneou Upon 

clos examination of a fractur d urfac , ign:l rite will xhibit nutnerou imper­

f ctions for, hen the flak is b tna detached, it intersect the StMll granule. of 

impurit ies htch c eate unequal rest tance tote fore cea ary to d tach flake, 

and these! uritt a le v a rou neas o th flake . Ignimbrite ie uau lly black 

but may b red, br , blu or combination of th se colors usu lly in blended 

b nd rather th n illOttled nd th r i e ti s evid nc of brecciatio. Ignimbrtt 

is alw y op ue except when broken to av ry thin edg which per it a littl light 

to be tr nd th thin ed e w 1 h ti~y granule • Th oet accurete method 

of det r inin wh th r it is igni rite or obsidian ia to ex ine a thin section 

und r mtcro1cope. I ntmbrite is co only found in pl ce a a ledge or blan t vein. 

When not in place, it is uau lly found tn alluvial depo1tt a rounded cobbles which 
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hav a crater d surface caused by their bing bruised against th oth r gravels that 

k up the lluvium. Since this brui ing h a aet up pl s of aknesa on the 

xt rior of the cobble, o l!lUSt r 

worked . 

When 1gnimb~it is us d for 

e the o ter urface b fore the cobbles can be 

ing laked stone toole, lightly different 

techniques must b ua d than thos applied to obsidian. The edge strength i no 

a ob idian, so more c re must b u ed in seating th pre sure tool and 

"• tronger" pl t orm er ated . Also, en us 1 per cu a ion to d t ch f iake , the 

impact mu t farth r in fr th 1 dg to prevent it from crushing or 

co a accustomed to thi mnt ri 1, very fin cau1 n step-fracture. When o 

narrow control l d pr cision flaking y be ccomplished. Ignimbrit i quit n lentiful in South rn Idaho and w a favorite t rt 1 for early n 

LJ in this ar , for th gr at st perc nt of the artif ct found hr are mad from 

this r co titut d tuff . 

(d) Basalt : A form of xtrusiv dar· y, darl· en, browu, or black lava, 
t+ 

ither c act or ve ular. The comp ct v rt ty of 1a th oat suitable . 

d p nding on the desr of coars nesa or finen s of cryst lltzation of the . trial . 

B alt ha quality of toughn sa nd r iatanc to nd shock, an 1 ort nt factor 

en th inish tool i to ubj ct d to rough usag . The or inely-textured 

baa It 1 nd t mselves w 11 to pre sur flaking . H ver, re fore i re utr d 

nd "stron r" l tform is nee asary to etach flake th n on obsidian and other 

vitreou typ of mat ri l . By tronger I an the platfor u t be made larger 

orb oli hed . en working basalt, a rater mount of control must be xerched 

to make pr esur flake of untfor di nsions because of the tncreas a u t of 

pr ur a ry to detach a fl ke and, at the ame ti , pr v t the flake from 

collap~ing. One y exp ct the flake to b much short r and to have more tep­

frac::tures than wh n rking a finer-t xtured material . Pr asure flaked artif ct 

of ba lt y be xJected to b thick, unnotch d or 111 htly notched, steamed or 

lanceolate and, in rare cas a, pr cision fl kod tool• with sharp dges . Corse-gr ined 

/ 
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basalt can be most useful for certain types of tools such as those used to cut antler , 

bone or wood. The basalt tool is used in a saw-like manner. 

(e) Rhxolite: A light colored form of lava basically of the same composition 

as granite, but cooled more rapidly. The more rapidly cooled, the more vitreous 

its nature . The more vitreous the rhyolite, the more suitable it is or making 

flaked implements . Sources of the finely-te .tured rhyolites are not particularly 

common n 1d; because of this, they di.d not play an important part as a source of 

good material . When rhyolite is found with a minimum of phenocrysts, it can be a 

ery satisfactory stone for the manufacture of flaked tools. The colors of rhyolite 

range from white to grey, pink, red and purple , The glassy rhyolites may be flaked 

~ 
by either percussion or pressure and well-"ontrolled flakes may be detached . Fine 

uali t y rhyolite may be compared in degree of workability to good quality heat­

treated jasper and chalcedony . 

(f ) Andesites: Andesites, because of their abundanc.e and variety of color, 

D exture and mineral composition re suitable for certain types of artifacts. They 

are , in general, darker than rhyolitee and the dark grey color is common. They are 

transitional on the one hand into rhyolites, on the other into basalts . Their 

reshly broken edge r are translucent when held in a bright light. Quartz phenocrysts 

do not occur in andesite whi.eh distinguishes it from rhyolite . Because of the wide 

range of constituents, textures and contained minerals, the degrees of workability 

are relative to the homogeneity and texture of the andesite. 

(g) Felsite: !tis difficult to discriminate between rhyolites and andesites 

that are devoid of phenocrysts , making it necessary to use an elastic, noncommittal 

name. For the light-colored rock of this class. i . e . , those which are light to 

medium grey, light pink to dark red, pale yellow to brown, light creen to dark 

green, dark brmvn or black, the term Felsite is convenient . 

Rhyolite, andesite and felsite are almost as difficult to define as the dif t 8rence 

between chert and flint . When these materials are made into artifacts, or found as 

/ 
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flakes and discards, it ts ven or difficult to d fin th 

' materi le origin is known and its s·o10 ical occurrenc int rpr t d . To re1t rat , 

the C10re fin ly textured, th niore ho ogenaous th rt 1, the r re dily the 

t ri 1 lends its lf to b tng d into flak d mpl nt • stonework r , I can 

only tte t to th fractur trials and the final analyst will have t o 

e 1 ft to th n ralogiste . 

(h) Tetttt a : Glas -like trial o ossible extraterr trial origin found 

nd us d aboriginally in u tr111 and India . 

matari lb cau non w48 available 

( rocks : th 1 -:>1' tion of erm.eabl rocks by silica 

(ch le dony) cnn alt r a a 1-. oru matoria uch sh le into a rocl· that can 

hen b h, d into atis actory tool eith r by res ure o nercu ton . Thi 

.. 1ermeable grou of rock • indi ing , abl from th · unaltered counter arts 

D xc pt that a void re fill d nd p rticl ar lded into o homog neous 81 • 

ocks thus for d y be alt red by th thermal tre t nt nd are 11 suited for king 

stone ants . 

(b) Silicifted Sedi nts : 11\ introductio of, or the re lacam nt by, silica 

nto tYi es of a di nt• uc as clays, silt and sand articl sin indefinite txtures 

and proportions y both fill u-p : ors or void and re lace exiting miner le . 'lb se 

• lie ous s d{ment include udaton, cl ystone, siltston, h le, and ar illtte. and 

on y us still other na s to distinguish the ny diff rent colors and t xture . 

Mat rial o this .natur ts uaually found in 1 dges, blank t veins, in talus or in 

alluvial de ostts . The ilic ou a di nt ry rocks ar usually int bul r form often 

1th v rve and b ding plans . The edi ntary mat rial having cl avage or bedding 

phmoo clos r tog ther th n the thickn as of the pro, o e rt!fact i undeeirabl 

b cau e th flak ill follow th line of lea tr sie nee . llowev r, if the b dding 

planes or of pproxi t ly th • thick s as th d 1ir d tool, uch thinning 

/ 
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y be elimi t d. Thin slabs y b ea ily shat d into a variety of toola with a 

inimum ot effort nd a slight los of mater al . 

Sf.lict ied or Oi aliz d s nts can often con us d 1th tamorphos d 

-edi nte. tamorphooed scdi nt are usually slate and shale with 11-defined 

cleavag planes so clo oly p ced as to ~ke the ter:lal unsuf.tabl for fla im-

nt ·• 

When the t xtur is fin and the ilictficatf.on 1 com. 1 te, this type of 

sedint try rock ts od qu te for ost flak d stone impl ments. It has en iidely 

used and laye an important part a a ourc of good teri 1. 

(c) SU eoou Lf.meston_ : Lt sto s containing variable mounts of silica lend 

the l v s .o ti flaked tool in ustrte1 in diff rent degr e , d nding on th amount 

U of silica cont ined i.n th mt ri 1. calcium carbo te by itself i ch too 

soft to re ult n a shar cutting dz , but a combination o ilic ous materials 

venly distr buted in the mas c n c bl teri • Th great r the ,ount of 

D silica - the or control one has ind taching flak.es. Th replacement by, or the 

introduction of. s'lica into li to in in efinit >roportion contributes to a 

id array oft xtur , colors and mineral constituents. t th time of depositiou, 

stone may h v conta d iliceou skeleton o d atoms, thereby increasing 

s 11 tea content. 

Li ton l<tith a high tlic contont can be useful for king tools ad ptable 

for rough us an wh n a bar. dge i not nee s ry. iltceous limestone is very 

difficult to 1r asure flake and mot o th forming of the tool must be don by 

percus ion. Te natur of thi 

texture and toughn s. 

6. METAMORPHOSED ROCK 

terial is c arable to ba alt in orkability, 

orphic rock 1nclud all rock which hav in the solid stat 

in r pone to ro ounced chan es in te ) rature, r 1ure and ch mical environment 

w 1ich ta s l ce, in en ral, b ou t surf c of ,-1eathering and cementation. Thil 

process by ich consolidated rock.a are alter din co osttion, t xture, or internal 

I 
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structure·, by heat, .ir s ur ~nd ew che ic.al subst nee ar t e rincipal cause of 

met orphis - g nar lly resu ting in the deve opment o new in r l • Mineral 

resulting r metamorphism ar only u ul ft ey hav th qu 1 tie nece sary to 

make ·la s th t y be controlled by r ur nd pc.rcussion. Du to the nor 1 

coar et xture caused by th .aration o the individual minera s, the meta orphics 

do not play er t art n tone tool king . 

(a) Slat : ~lat has been a airly common material us d or tools and ornam nt 

but they r u u ly fints1 d by gr'ndin . H ver, the in ti l ping can e 

th int rs cti 

to s 

,1 n o , on 

tamorphose 

o th lac c of tter 

ind porphyritic 

t rt Due to 

c n e ct only tl - or tad, thick too s 

with n irr gulnr or ul e e. 

7. 

xot c t r a re tho e th t do not re dily fal nto ny of the fore-

goin ct uori • Thi la 1 fort unu ual, the rare 

tat d the assist nc o a ecialiat tn this ty, of mineralogy . 

o fr ctu.:e. 

direction ) • 

i nticu 

Gla 

nn 

is th id"' 1 

sotro ic 

t ri 1 or ex er 

s (h vin 

ro ert es --­
nt 

= a 1 ct on o ·orcc . Both natur 

gl ss ~ e, y r, bes t teri<J.1s or tudying r .. ctur 

cars, f s ur s, undul t ::) 9' ste and e ra.ctures, er 

cl the and th bu of ·ore def ne . Gl 

0. t of ""orce us d ·n nu cture than wt t 

l 

s 

~n cs 

o crties in 

it ·cs ondo n n 

g ass nd manu a tur­

·o· they ave radial 

ure , ·la .e over a, s, 

1 r vc uch .ore 

ore co:1rse y-textu ed 

materi s . gl ss ha n even consi tency renter than t1at 

oun in natur ert an t 18 ~ r·ections re rea ly etect b . 0 uch 

illl?ortance to th x:,eri nter ta the fact that glass require UC less orking fore 
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t nn ·he cry tocry toll n ilicas. v n the bor· in 1. O? chos lass s a 

t re rr ri 1, -:or h,v been found ins histor'c s tes in the 

ric f ori inie n ...,rat numb r of 

t lC ex ril nt y Is i er or n g a 

1 n-rod var b e in ual ty hecau 0 t 1e d" ferent orr as , 

m nu acturin I an colorln co oun . t n 01 co 
,. 
J; i iar witl a 

an continues to use the "• me u.11 H:y • very • ertain 

sul 'c obt 'n J . I one cannot obtain t c de ire r su t 

ts actory r · .. 

orktnn- ui.th 

lass t ould u ele to att lt to work ~·th n ural ~tcrl nl one is 

lint . tng continual y, the h nd 11 irst e ten r . ctice •d 

t1e mscle n t' C louse . 
n X er ment m teri l . o sy to obtain in l! variety o sha·es, 

(µ 

or tion . n exce lent ourcc o SU y nth A{rchaeologicnl 

ite of th utur i t city dump. er y b found co d cren jars, .yrcx, 

jugs, bro n tcs . o bottles rticul r y sattsfac~ory item - old 

T. V. tube . On hou d not del y too lo , however, a our civilization i~ rapidly 

nterin th e o plastics . 

texture tone , orce ain y be used as n X?eri ntDl t ri 1 for the frnctur 

0 orcel in s uite i 1lar t o 10 e v r· ti of quartzit. Hovcvcr, it does t 

have the 

That mich 

discard d hi 

toughne s . ore lain s variabl in qualit .uitn le for fln ing . 

s c n fir d ta i h tem er turc is th t teri 1, such u 

volt~g transmission lino in ulator and oat porcel in b throo. fixtures . 

Thi mat ri 1 s ery bOod or percu sion pr ctice ore and better rades y even be 

, rcssurc 

(c) !£_: Ic c n be u eful for classroom demon tration of the fracturing of flint­

like terial and }rotect the artici ants from injury from flyin 9ieces of natural 

material. 

e ins y be u ed b st dents to irac ic re ur flaking, pre sin 

I 
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or e rm n n"' ure of fracture. 

racter 

teri le th t c n 

1st i an ther re 

ny ot.er su tanc nn com ound t t can b u d for oratory d on-

tr tions to h<>' h certain solids re"'ct to ap·Jl 

or gong valu ton of the tt i ut s of 

fore • 

thic teri ls may i th 

P r lp th t ,o og~ t . It is n t t lO ur o e of th iter 

to ur nth on t n an er , i c r 
1

,nd la , but 

nly to o!nt o t of t e ro::ie t ic l t r a th th ve ignif 1.c cc 

to a stone or· s n ly 1s 1 n to er te an tntera t in t Stone 

ls nd to ro ct some o nt as of thic or too ing . 

It ho h t in"' 1i t in 

er ton oun it 0 1 di"S . er tl 

or stu • 0 • r •1 n o· ork 

int-1 cc tim tc'y, t 1 cnrds t1 y o cdny he p to ,Ol:t-

::c ictur 0 C nst . 

I 
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auggeated liat for apprai1in tertal• follows: 

1. tertat: On pas• 6, P rt IX, 11 compiled 11st of v riou1 kinda 

of 11 hie teriala 1 eluding• seven roup1 and 1ubclaaae1. 

Thi• list is fr fr c lete and includes only thos mat rials 

with which I familiar. 

Z. Minerals: Miner la re de up of i:Q4ny it•• nd the c 

liat and breakdown •111 htlv to be left to the qualified miner lo­

uts. 

3. Ch !cal Cgmpoaition: thit repres•nt1 the pr ortion, the arrange­

nt of, and the relation to, the different ele nt• and compounds 

involved tn the material• u eful for th flaked tone industry. 

4. fr ctive Index: tbi index is n accurate method of indicating 

th reflection and ab orption of light in aolida. The refractive 

index should be ch the I in degr • a■ t xture, however, tex~ 

tur 1a only 1:el tive hUe the refractive index h • a numerical 

vale . Vario I i rats y ha• different 11.ght-absorbiag value, 

that ould b ve no bearitlg on texture. 

S. Color: Color ia an excellent aid tn th initi 1 aorttng of d tritu1, 

debitag•, fla aaee laa•• and accu ulations of tertal reject• 

dis arded by people of the tone Ag. Certain disti cttve colora 

do afford a key to the points of origin even though the textures do 

not always r in the• • 

6. ource: 'th i ort nee of tertal source has b previously 

di cutsed. The character of external flak• and di1carda can con• 

tribute much infor tion ~• rding the ource (al10 1ee No. 15, 

Cortex). 

7. Geom;:aphical re: The geogr phlcal area dale with the spattal 

distribution of terial fr known quarry aite1 and th tr naport tlon 

nd rad route of certain ( pecial) terlale. If the distribution 
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is great, it would eee to indicate a terial of special quality 

for the flaked tool induttry. 

8. Geological Occurr c, Geolo teal occurrence can be us ful hen 

th tertal is found in plae • Certain attribu s, types of 

cryata111zation, textur , color• and qualitie1 may be a direct 

reault of th geolo teat ture in which it wa for d. Th 

fi tng in situ of a depo it of us abl• ffll!lt rta1 will ald in 

more accurate identtfic Uon ot trial in que•tion than will a 

fl ke found on th aurfa • 

9. Light Trans 1 ion : Light tranembsion 1• n ortant identifying 

fe ture b 1 u1 ful in det ~ ining th colors by tr parency 

r th r than reflected light . lf a thin fl ke is moi1te d, or 

a thick flake bro 

bright light, o 

n o harp edge, and then held toward a 

can•• the degree of trantluceney ae well as the 

1 ral · tructure. Wetting of th eurface aleo eerv s to bring out 

th true color of the r fleet d light and, at th sa time, aids 

in r v ling the 1tructur hich may be char cter11tic of th t 

articular mat rt.al . In the field, it 1• oft n difficult to deter­

min tbe difference b twe n ignimbrite nd obaidt • But, if the 

thin dg of a flake ta held toward bright light, the differenc• 

may be noted. Ign. rite 1e g nerally opaque, or h • veey uneven 

distribution of coloring matter in the form of gran lea, while 

obsidi n ha uniform distribution of color with diffe nt degrees 

of translucency. 

10. Textu : Textur• ta the most 1 ortant key to th orkability of 

lithic teriala sit indicate, the degr e of crystallization. 

Textures rang fr th very 

rocks . It can indicate: how 

laesy or vitreou to th mor granular 

ch force 18 n ces1ary to remove flake; 
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ether 1t can fla d by ressure or percu,•ion; the 1harpne11 

of the edg s; and whet r flake• of uniform dimenu,ton can be de­

t ch d ithout th platfo or the flake collapains . The finer 

the textur, the gr tr th control in ktng fl kea, blad s nd 

tools. 

11. dge Charact r: The edge character of a fl k c n denote how useful 

the trial would be a cutting implem nt nd 110 its degr e of 

t tur • The finer th teicture • th sh rper th flake . Toole made 

of the fine-t xtured teriala 

auch a 1 ath r, flesh, cordage, 

alao ideal for presaur fl ki 

re useful for cutting soft mat rials. 

tc. Finer-t turd mat rial are 

nd where a sharp dge is n d d for 

kni ve1, blades, and projectU points. Fox tool th t will b sub• 

j ect d to roush uaa , rial that h • eoar1 dg will be 

mor s tiaf ctory a it has or toughnea . Co rae textured materi l a. 

uch aa quartztt a ad b · alt• re exc lle t for designing a tool 

nt for forming and cutting bone, antl r nd wood . An illustration 

of the differ nee of a harped e and a coarae edg ia th convereton 

of a cryptocry talline quartz by the use of th th rmal treatment . 

Por exampl: agat, in its natur 1st te, h a irregular edge and 

this i th result of the siz of the microcrystals . tn its natural 

tat, it has much tou hne a 11 suit d for making toolt which do 

~ require the removal of long, regular flakes to produc an extre ly 

sharp edge such a drill, p rforator1 1 scrap rs, etc. hich red• 

ind to withstand n,isttng, shock and general aevere tre tment. 

However, 1£ a thin, well•formed knife with a r zor dge ie need d. on 

can be from the a piec of agat if it ia altered by he t-

treat nt from it• ori inal form to a material that has a very sharp 

cutting dge and 1s sily pressure flaked . Th ha.rpnesa of the 
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ed e 1111 indicate fi t xture while th rough edg will indicate 

coars t•~tur d matert 1. 

12. 1st nee to Shock: This reeiatanc is on of the qualitie of 

th t only th stonewor r of tb past and a£ w pr sent-day 

: r!menters can fully appr ciat . It ts p radOltical qu ltty 

th tis not entir ly und ratood . th r sist nc to nd shock is 

mor noticeabl in th t chnique of r movin bl dea from a core, 

for o finds that certain reseed when truck 

by ham:ner tone or bill t and will then and without braking 

th blade. Some materials do not have thia resistance and, when 

a blow 1• delivered at th proximal er.d of th bl d • th re a ms 

to b 4 trans is ion of fore th reby cauai bre ka • At pres nt, 

this resit nc i co incd to c rtnin rou~• of tori ls nd this 

i apparently due to -th intertwining of th microcryst ls of th 

cry tocryst llin gl.'Oup . Th qu lity of tou hnes ia directly as-

oci ted with the r nee to hoc and thi qu lity pr vents 

platforms which rec ive th i act of th blow from collapsing . Flint 

ha thi qu lity but it 1 not found in volcanic l ,a (ob idian). 

Of 11th in rat I hav worked with, n phrit j de h the greatest 

re 1st nee to ahock and 1 th tough at. J d is not in th list of 

lithtc tertal bee uae tt 1 not one of the stone• that can be 

flaked . It ta mentioned only as o point of refer nee . Tougbneee ie 

the quality of fl xibility without brittl n as or yi ldi g to fore 

tthou t bre king . 

13. Elasticity : Thi ls the prop rty or ability tor turn to it original 

for when th d. It is thi• lity that 11 r lated 

to end shock, th ability tor cover without fracturing . Elasticity 1• 

included to avoid an possibility of confu in thi nin with 

fl xibility. 
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ie a tera anin the qualtty to be b nt; or 

pliancy or not bet stiff or brittle. It ii thie quality that 

allow• a person to control a guide a flake over a curved eurf~c . 

If tt er not for thi pro erty of ould ~ no 

conv x or double-convex artif eta. Different teTiala have different 

degre t ot flexibility . Heated cryptocryst llin tnera·le and vol­

canic sl••••• have th1a flexibility to a greater ext nt than the 

coar er textured mineral, . It 11 difficult for one not familiar 

with ,tone worki~ to fully understand thf.e roperty, but flint• 

k pper can control th flexing to an zi degr e . 

15. Cortex: This ie the exterior surface of the e• before it has b en 

16. 

haped into a tool. o t mat•rials have a tural urface layer that 

ii a time sufficiently dittinctive to be u1eful for identifying 

laces of origin. 

Col"tex (the natural or unflaked eurfaca) ta us d to identify 

material u,eful for tool ing. xa les ar the p rt ly eilicifi d 

surfaoe, or the inc lat ly inera1ized ext rior of nodules or ma e 

of flint whether from ch lk or l stone depo1it1j } h bruised, 

DT":l~tnn or n turally poll h d ter14la found in alluvium; glacial 

till or naturally transported polite; 1urfacea ret ining the 

reations of cavities, voide, fissure,, crevic • and joint• where 

stU.ca-charg d eolution• y be depo11ted or the xternal surface 

re11tons 1 ft by org nic t rile that h ve dec<>tnpoa d nd their 

void or ca ta replaced by ail1ceoua materials . 

Denote• terial in which the c oaition and the phyaie l 

state r uniform throu bout . Consisting of identical or clos ly similar 

material which y be a st 1 aubstance or 

nd ropertiea do not vary . 

txtute whose proportions 
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at-tr atment: Whereby siliceous materials are subjected to the 

controlled thermal treati:nent and are, therefore, artificially altered , 

by n, to chance their original structure to on that will lend 

itaelf more f vorably to th production ot certain stone i 1 mente . 

Thia roe••• ill be described more fully in as parate article . 
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