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stone artifacts in exact replicas of those n.c, the aborigi~al . The 

resitlt o.,.. encountering failure wvien ··rnr1{ing unsu:_ table stone and o.c, 

success when the physic~l properti1s allow9d res~onse to the necessary 

amount of force. D3scription ar1 ex)l,,_ngti "'n Hi l he 11.ade o f' what 

materi' ls are used in the tool-i1 al{ing industry , to resolve T-Jh8.t stone is 

a aptable ~or flaking and to point out some o.c, the wor~ing prob ems 

Desirable rn terial has the pyop~rti~s of' e asticity an4 f'lexibility, 

a uni f' or~ qnd even texture anc an absence of' cl9•rage pla~~s a~ srain . 

W'h ~ this type nf' mqt9rial is subjectei tn t~e proper amrn•nt o .,.. fo~ce , 

a cone is fo,~"!led, and , therefore, portioY1s of t 11e <::t n,"' can he re111oved 

producing fl~·es ~ith aver· sharp cuttirg edge. Thls text wil l endeavor 
i M 

to explsi.in mar 's ,,.,,bi li ty to c0ntrol th-; si O tl:.ickn~ss , width and length 

of fl9 1WS th-1s detach~1. ·when one is able to contr-ol t"le five rltrnenti ons -

thic~ness, ~11th , brea1th , length an1 curve - ~hen re~ovtng 9 flA~e , he 

can pro1u~e mo~t any tool he may need . 

ff" 
"\ 

v-; t\11 
~✓ th8.n the s i 11?.: e crystal of 1u·ctrtz due to t'he li ni ted supnly and dis 

Xt ,; 'IJ .,.• 
v" ✓ 

Ii 
'( 

tri but ion o.c, the quart z crystals and t'1.e qbundc111.ce of t e m9.ss i ve 

mate rial . However, the sirsl.:~ crystql is v3r 7 ,. esirable •n'3.t 0 rial prized 

by the wr iter and J=t~parently t1ie men of ,re '1ist ory . ~cc'.:n tz: , "'lint, 
~- Vi ;,,J 

chert , ~gate , j qsper , chalcedony, etc . in the m□ sslve f r~s are conman 
"J- 1 u,.u---f e 

'.lrar ietiesA used for mal{ing flaked tools . Silica in its many f orins a l so 

plays an inportqnt part in t½e r3placene~t of veg9table a~ organic 
{)--

materi3-lS , the resu ts eing ossilized bone , woo1
1
alsie , bo~g and 

others useful for 

been ~eposite by 

ma ing stcme tools. Silica has , or t 11e inost part , 
t / . < }z,t J c'. ;,> ~ / fJ I 7 

'·mter solution , ffn this circumstance hs,,s ~iven it 
A 

a vide ran~e of' intermolec lar di ffu~ ion f ou11.d i:ill voids , cavities , 

seains , crevasse3 , bet~een p i e~es o .,.. stone and sand , and ins aces l e ft 
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after th~ deterioratio~ of' certain animal , vegetable and min3ral 

m9.tter. T1'ie varieties of silifa deviq~e frnn tvie s:;_1:rsle l<=i.rge crystal 

thru t~e cryptocr1stqlli~e for~s to the non-crystalline opal 3els. 

Included is a suggested ou~lin9 oP lit½ic mqter5als under their 

wor}rg_ble categories anri this m8.y be of' s ose help in materia.l type ology . 

I-1y frustrat in experj_ence of search ng , in vain , for any pertinent 

j_nform~tion o~ the relating of minerals to techniqu1s has le me to 

conclude th 0 t the stu ent o~ lithic technolo~y would ~e better informed 

if greater and Tiore exacting reference were m~de to t~e materia s from 

which artj~acts are made. Terns of' ref'ere~ce mi~ht be ta~en from an 

agreed-upon list of simolifiei c'3.tegori .s that woul1 ~e universally 

accept8.ble. I often fin synonomous nam~s bein~ i~en ta the same 

raateri ql "'or instance, slate 'Je in"': d8scr; bed as ill9tamorp 1osed clay , 

metamorphose san stone called 1uartsite, P 7 iclpied sandsto~e called 

quartsite, ho~nstnne c~ll9l flint, flint called chert, c~3rt calle 
II' '1 ',t 

'..lh':)n I spe'3.k in general \ 1.,l· 
· .J f 

enc omra"',... the entire ,J l ,. t-er1:1.s oP qrtifqcts and ~ateriq sand want to ,. 

field of 0.da_ptable •-Tor1<:ins mineral"', I generallJ '183 the wor-1s " lithic 

m8..terials" , "flin t-li ;(e ma-;;'3rL. ... ls" , or s i Y'1pl;;, "r- i lex. " o When talking 

to and comp~ri1g notes with other flint~nappers , i.e. Dr. Francois 

Bor cs , Dr. Jacq1;ies Ti.tier , 2.h'i Mr . Ge-1e Titmus , .-.re U"'e the"'e words 

interchangeably to cover the entire field of lit½ic materials . I 

h'.lve f'urtt1er noted in pe~sonal conversation anri correspond.ence :,;rith 

Bordes , Tixier and Tit~us that we will often qualify ~1r mqt~rial by 

describing sources - such as " French flint ", " Gran Pressi3ny flint" , 

Sweiish flint' ' , "Znglish flint ", " Flintridge , Ohio ~lint ", "Danish 

flint , " Oregon obsidian , " Idqho Igrn,a.",1 rite ", etc. This ~ives 

immediate id~nti ~ication 0r mqt~rial a~d c0njQr8s up a quick mental 

pictu~e of the minerals and t~~ proble~s or bon~s qualit;es contained 

therein . 

t' 



So1..e '::;Jr'.)pe).vi r-c p.eologi.;;ts havecombi ed a11i grou::-,ed nost 

a sin.::;ls ..:.,r'Jup o""' isotropic IiLt3ria7 s , but t 1-e 4 isaclvant9.ge of' not 

indicat · ~u , by na~e , the ~1rrerences o""' c~aracter , texture , color , etc . 

In y vocabul.::,r;y , the ,!ords silex a..,,d flint are synonomous , but I 

only n.a1rn t is refe,,.ence whe11. sp':)a1~ins of materi9ls gen'"rq l ly and not 

specifically . 

little m"'""ni ~::; f:Jr 1 i'.J L1ter23t i,.; i..,, t1':.c isotropic rrop0rties of t11e 

given m:.t.teri.·3.l. .-:::ven tr 0L16 h th'lre i..::: a re ls.ti ens"' ip t 0 is o+;ropism 

s11-rf re a 1i t11e c Jn-~or_rr~t10"1 o""' t'~ rr:"'t"'rLal . In ot11~r trord,_, , ~ the 
?L- r, .... ...,.l ,:L, 

sa1el,1. 101') 1
" of' _:-0-v~ fil'.3.tc-.rl l;\s, 'ari'3t:r of' "'2.a-es - fat , curve ay, 

'I' 1e stonei;·rorlrnrs first c-:mce"·n in c .cosing "or'·in'.s m9.t3rial is 

quality of textureo e fiaeness or coars~ness o: t~e micro-crystalline 

structure o t,_i:~ G.terial wh:)n it was formed vill determine tvie texture. 

I 
Opal , ohsid.ian and ign!rc."'rit3s Stre exceotions . p8-l is a silica gel 

·1,.,,, -l-,a 
with o apparent cryst4ll0graphy; wh: l~ o~sl1ian s a volcanic glqss 

d · 11 
h · t ld ~ 1 . h an 1gnHm r1 ea we e~ vo c3n1c as • The texture of the ~icro-

crystalline varieti~s deter1I1in.3s , to a rle=ree, the to11g"lness anrJ 

tenacit.1 o"' the m3,terial . T11e 1ntertwiniYlg ..Jf t'1e microcrysta line 
jJ,tvjlo- ~ ,,. ~ • 1'~-«,t,, -/.t! 

"IS°tPtJ:etB-re' pro' uces a fibrous cvi.aracter t11at ieesists the etac :."11e11t 
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of fla1re" by ei.tJ-13:r- ~ ressare or p2rcussion. The more coarsely 

text11r"'d mqteriql:; '3.ve tou.ghnes" but their flexi1Jili ty i"" essene 

them Rnd, thercrore , tend to coll~ps~ Le~ore long t1in flaies can be 

re □ oved. 

:owever , t e platform prepqred on coarse m~teria will collapse 

_ore readil.., than t'13,t f3, 1·.ri0_,_tc on fi.n::::r textured m'::lteri.al . Genera ly 

the coarser t~e sto13 t9xtu.r~ , the tou.g'2r an the ~ore difficult it i s 

to work. Te to1gher t~e stone , the ~ore di ffi cult it becom9s to 
1{, ,. J.,, pi4<,c.. .f, 

re,nove rr;gular ay,d uniforrJ flq,~{es . 1T' e char9.ct ~r ::J-r t 11e stone is also 

importa~t , i . eo bedding planes, inclusions , i cipient cracks and 

internal strecses , etco 'hll1 color s.nl tra11"'pa~encv T:ill prod 1 rne a 

~ore colorful an~ beautif~l tool , th3y ~re not necessary prope r ties ; f 

good lit~ic material . 

is awaTe . For exa ni)le: w 1en Dr . Fra·"c oi , Bo-rr qs an i t 11e '· ri ter were 

.oing some exp;ri'Tiental ,. or': "'t t'1e Universit'r of C0li ornia at nerkley , 

mat<;ri"'.ls :or our' proj~ct were from many anc diverse locations , i . e . 

Southern ~r~~c~, n~~~bern Frsnce , In iana , Cal~fornia( 2 locations) , 

Oregon and Idaho, represent ins seven widely separg,te s ou.rces . After 

a wee c of' ':sror1rin,3 , the TD.a teri8-ls were a most e vit ire ly utalized and tbe 

rest1ltin8 array o-r l akes was comingle in one big heap . Yet , i an 

single flake had ½een given us - and this happened - we could identi y 

its origin witi,out error . This serves to emphas i ze the fact tliat a ft e r 

the tool na er has worked ,,,,j_tli a given material , he wi ll 7-,e abl e to 

identify i ts peculiar prop~rti3S o 

, 

OtherL_fil~ari o-r[ identify~ i 6 goo lithic nqt~ria s are : texture , 

luster , sur -:i.ce character , cortex ( or rtnd , c olor , t ransparency , sounc;l , 
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flexibility , '> 1'19.rpness of th8 re;70ved fla1res and p-;r118 ps most 

important is the amount of resistance to the nece~sar~ force required 

for etac~ing a fla~e . The degree o~ luster is used as a guide by 

flqkers to regul~te the amount o~ force necessary to re~ove a fla~e of 

a given dimension and is one of the most useful attributes for determin

ing workabilityo The variations of luster include glassy , waxy , greasy , 

satiny to dull , matt , flat , sugary , fine crystalline , medium crystalline , 

coarse crystalline and sandyo The refractive index als,mo may serve to 

determine the dee:;ree of fineness or coarseness of material . 

Most sou~ces of lithic ill4tcri~ls prorluce a mat~ri3l that is 

identifiable t 1-iroJ.e;'1. special qualities recogniz•ed .,___,J the stone1,rnr1<:er. 

rie must , wvien choosing material , determine t 11e homoge11ei ty o+' tVJ.e mass 

a~d appraise tvie texture and lust~r of t~e stone a~d fit the size of 

t e ro~gh material to what he wants in a finished tool . The myriad of 

bright colo~s are desirable , but color ln most instancPS, do 0 s not 

indicate i-rorkability o+> stone. In making an appraisal of the flint-like 

materials to deter□ine their workability , one may first tap the stone 

li~'-1.tly to preve 1t brusing and listen to the sound of the tapping. If 

the stone gives o~f a dull s~und, one can expect undetecta le crac~s , 

fissures a~d planes of weakness. However, if th~ stone has a sharp 

ring , the chances are good th3,t the m9terlal will e o~ r,rnr1zing quality . 

One may then re ·:!love a test-flake , or cleav~ th·:; sto,,.,e to examine it 

further . If this shows the material to be free of crystal pockets , 

foreign deposits and sho0 ,rs the ri.ght luster , then the worker assumes 

the stone will lend its9lf well to the manufacturing of an artifact . 

The final outcome wi 11 , o"" course , epend on t11e slci 11 of t 1e r.,ror!{<;r . 

When hunting suitable material int e field , I fin the most 

satisfactory met 11od of testing is to drag the fingernail across a 

f reshly flaked surface to denote its qualifications. If the finger

nail moves easily across the surface , I can assume the material is 
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fine~yLgrained. If i I:: ha113s up or d.r8.gs , t'IJ.cn I presurne the 

material tn be coarse-grainel. 

Sorr.e mat8r-; '3. 7 is st i 11 ":.I. Vfi i lab le in certain alluvial cl epo~ its 

wjtvi new exposuresl 
l I,, ~ 

L'1 hesE eposits of cobb es , I O'1e may identify , 

by examining the surface tJxture of the in ividual stones , the mat8ria l 

t .at will best lend its~ f to flq{ing. r; o~r.> is not a~i iar with 

the nature of t½e stone then appraisal wi l l be more .iffic 11lt and 

testing of' 8ach cobble •.•roulri. 1 1e neces.:;ary . ~later- worn cobbles lose a 

great 3al of their identity as a result of pound ing an rolling in 
, 

t1e Nater . H~T•Jever, this /rol1 i'1g 9-~1 
- l 

pounding , '.:'ortun tely , i::;ives a 
I 

clue to the wor1mbil i :,y of t 11e stone . The projections and irregular 

ed ,....es r'"'cei ve t 1-1e grcates t port i OYl of' tvie i l"'ll;)acts and each time t½e 

stone buMps ag8.i~st another cobbl 0
, 9 ist:ncti ~ ½ruise is ~roduced . 

Upon 2xanin4tion , o~e vil l fi Yld t~~t , in reality , eac1 tr1ise is 

actually a c0 e . Sane are obvious - oth9rs are vlsqble circ lar scars 

ju~t un~er the surface. If one will examinq a well- 1 s 0 d glass marbl e , 

he will rea~ily see the tyJe of ~c~~s I am re -Perring to. It is this type 

usefulness to the stone f' q __ -cer . The mult1tude or c01.es A-re snpr->rimposed 

at rC1nd01,.. and i ntersect one a: tt1er. Under ce-rt9.,1n cond l ti ODS , moisture 

wi 11 3nt2r the incipient ci.rc L lStr crac '·c; th-9 ,1 , o.t loT·l temp8ratures , 

freeze a~d loosen t~e portloMs of ston bet~een the c ones. The sur -Pace 

is actu'll ya multitu.de of little expose cones , reminisce:1.t of the 

s1rface of' t~e moon - or similar to w~at we augh i ngly call "goose bumps" . 

The re cessed or concave pr otected areas oft en rece ve a poli s1 from 

e ing b· 1 rnish~ ·Jiti,,out s 11oc 1
;: a::,;3. · nst O1e anotvier and do not have cones . 

y these types of surf'aces , one is able to identtfy t~2 cobble th~t 
i 

1-J.as t~e ,'l_<3sjr-·ble ~,ror1ri n:, properties . tone lac1,;:iY'--; this type of' S'1rface 
t,.,, !f64- ✓ ,,. 

can be assumed to b~ ~ranular and unfit for the manufac t u~'3 of stone 

art if'acts . 
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than m~terial which must be 1u~. In most areas o~ this kind , a 

p8rson will find 'l fe,;,, brok'"'n tools made from this rnat~rial . H'r0''1 

the size of the br·k8n tools , the aboriginal stoneworker ha1 uncanny 

ability in finding the best ar~ □ost colorful quqlity ~qteriql in 

□assive form. Today, usually a depoRit of this kind yie ds only pi eces 

under six inches in 1iameter , and f inding a nodul e as large as a 

bas 1,-:;tball is a ra,,..e event[as the bubbles in the molten la~ra must have 1t 1 
\ J o.t l ti -, 
" u V € -., 

burst or risen to the surface be~ore the lava soli~ified . Occasionally , 

when they w~ather out they qre in Jarge t4~ular pl~ces ideally suited 

for the ffi8~l .g of lar~e bifqcial tools. Scrne of the silicq minera s 

usable material that is f ideal thick~~ss for making thin knives and 

proj2ctile points, thus eliminati~g p~rcussion prefor~lngo 

When such naterial is availa~lA, one may complete the tool by the 

use o~ pres 111re -::i 7 one. In s 01119 ins tanc ~f' , "•rh ~.,., this t 1'1; n materia 1 W9S 

us9d , the entire s 11rface w2s not re~oved by the pressure r etouch . When 

of a bi f acial imple~ent remaine1 , it coul~ be iiagnostic in determining 

th~ s0urce o~ the mat8rlal . Howev~r , the source o~ mqt8r\al is 1,fficult 

t o ~etermine on a .f' inishe1 oifac1 ql '3,rtifc::ict 1 ~ a 1 o~ t'1e origi'1A.l sur

face is removad . The the ~1ak1s ii carde~ ~y the wor{mA.n ar~ o~ mor e 

vStlue than tl12 ~i ni"'hed artifact in determinine; the l ocati on source of 
Sometimes, 

the material . The dors ql side o~ ,some o-1' t 1'18 fla 1{~s wi 1 sho-,; the 

natural surface o~ the material , an1 t~is will , in most cases , in~icate 

whether it was quarried , secured ~rom alluvial eposits , veiYJs or 

weat½er~d from the sur~ace . 

In m~ search for good material , I look for the purest orMs of 

silica in massive homogenous cry~tocrystalline form, for the type of 

/ht U · 1 1 t f crystal St3-r-a,p-hy 1s of utmost importance o I hunt for a f qr,; e.ss ype o 
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s t one , witho'1t gr<1.in or cl~vage plane - of ::,,,deq·1ate size - which has 

th~ inherent strengt~ to tolerate the applicqtion of rressure or per-

c ssion and y~t fracture in 9ny direction to terminate in a shqrp edge . 

Se l ection can r3.ri.,se from t•,e non- crystall i ne amorphous 
' ;~caf,:.,, .,, Lv ... f 

massive quartz crysta • tri:0/\ hydro- th .rm9,\/Jepos it i~j_n 

op1.l to t he 
/ ~ C Lt.,5 .)<' /1,,:h~ 

an11 A~i-FB.-tl--0n 

of <sil i c9 c rigrged 1/ffite ,. ,.. <":llter" d m·=mJ o -P the n".Jrmal ly us uabl e rocks 

to OYl'3S th;1.t 9.re riow us-ef .,,.1 fo-r m·,'<ing .., l9ked s to,1e impl ements . It is, 

i nde ed , fo r tun~te thqt a J qrge portion o.., the earth ' s crust is made up 

of the co~bin1.tion o.., the two mo,..t plenti f u l elements - sil i con and 

oxygen , or silicon-dio~ide. It i~ ~he co~binat i on of this c ompound with 

not too common ele~entP and trqcG-e l ~mqnts thqt gave the stone~orker 

such 4 wi1e r ange o.P mgterial which was qdaptable -P or t~e pr o. uct i on of 

f laked sto11.e implemPnts. 

A few wxamples of this sort of impregnqtion- of silica-charged 
..I..,._, 

w<1.ters ar9 the fos~iliz1.tion of o~gs and swamp~ , silt~ an· s· ~1s . It 

is of inte r est thqt so111e fn.,.,ms of' ~ilica 11ave an g.P f inity r or Ol!;E,ranic 

mat~riql - comparable to the c~e~ical reaction , or qttraction , of a 

cott on string immersed 1~ a saturated soltti~n of ~1.lt water . Many 

occurances of .., li11.t are known to contai11 ~ossils , f''JCh as the f' l i n t s 

fr o~ England , Denmarc ~ni France . Also , ~he concrPtionqry n0dul 9s of 

Southern In~i'3.na and I llinois usu~l l y hqve q bit of organic -r ossi l 

remc1ins i n tlie center . SoTJ1e of these f ossil ,., C'3.1 1se i rnp,.,r f ect i ons in 

the fl i11 t tool s much to the c1agr i n of the wor~er . 

The si l ica minerals w11. i ch I have used in my experim~nt s to r eproduce 
J_ /i6J~ ..ft• /4 

prchi ~toric tools are simil,:,r , or the same ,; as..4pre1,,,istoric stonewar rnrs . 
A t ,1 

Because my hom9 has been in Idaho , I h~ve had to gather thA ma j or po-rt i on 

of my ex-09ri ment:1l materj_al ~ 1 rom t11.e tJe t ,,:rith sma 1 quantities being 
a,, 

g i ven an s 0 nt t 'J me +' rom othe.t rr=lrts of t11.e Uni te0. Stat9s 8.Dd Abr oad . 
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This has siven me tvie advanta33 of living in a spars';ly populated 

':lreq T1'1ere li~hic mat"'rials w2re fs.irly abundant, _.,ut t'1e d4.sadvantage 

of not being qbl~ to ~tudy en0ugh cnll~ctions to rernit vlew,ng an 
I 

comnaring ~ lqrger array of nqteY'i'lls use1 by the aboriginals. During 

the •ng_ny y~ars I ro9..med the deserts in search of ID8.terial , I always 

foun , Ll_:-)'"'11 cl-i 'covering a sourc of good rock , that ancievit man had 

been there hefnre m2 and h'3.d quarried out the same mqterial for his 

tools. Further , .:. t always seamed thqt the mas~i ve material he lPft 

behind I ~ too , ejected and for tl--ie same reasons , i . e . imp 0 rfections 

in the =tm1e , fla~s , fr~ctures , too ~rctnular , crystal pocketc, etc . 

Finding an undi0turbed source o~ good material s~itable for tools 1--ias 

been a marjor problem since I first stqrted ~y PXperiments . The first 

Inli3.,s . The "isadvanta0 c of usin0 cast-oi'~s :ms the irregul3.rity of 

the fl'"l.kes and th!=! short r;upply . Somehow , I cl" ,1.l:.. never seem to find 

ma1.,sive m'3.terial t"1c.,.t 1·1ite mqtc'~ei L,
1

1"' ~ls.;rns an,., cast-offs of the 

campground.. Because of tr ~s, I became suspicious of Pale o-m<:m al t~_cing 

somP. of the flint-like 'Il3.t~rials. Fr'J'Il t 1L~ n<..!1ucti :m anr fu1'.'tl-J.er 

exp':)rirr;enti.n::; , I found t :eir secret of' alt2ring lit ,ic mStteria.ls by 

the t11r:>r•ng_l tr~at Lent (Crabtr'3e and Butl~r 

But , in the beginning , I 011ly knew th :i.t I T'fas attracted to their 

cast-off fla~es because of t~e change i~ color , the shiny luster and 

the ease with which their discards wor ed. During these y~ars, I 

have visited many ~ou~ces of mqterial and quarrJ sites and ha~e yet to 

i~d one that l'lS no+ previously vtsite an work 0 d by ancient man . 

Aft"'r ta:{ins 1Jh3.t was eft over , sfter c'3nturi~s an millenia use hy 

prehistoric man , I now h4ve to conten1 with t~e presP.~t-day hunters 

ca.lled "rockhounns " . 
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Finding 0 00 workar1 ° mate ~i l is rriost ir:.portant for certain 

. qtc~igls will all~r the plqtfor~ t0 coll~ps~ - _3avin~ ~ dull e ge -

while oth8rs 19.ven't snf'fl.ci;rlt strength or flexibility to p8rnit 

~na'~ins a lc'16 thi _ -" l ':e - t 11e.reby C':.,us i ng multiple viinge anr:'! step

fr rictures . Pers onall.t , I cannot do the fine type of' controlle pressure 

flaking on coPrse-crrained .J1ater i als tvigt I can achieve with fi n3r , more 

closely- grained ~tone a11~ , .,.. r0m the few coll~ctions I have been able to 

study , I have noted this same type o~ .J1at~rial restriction . Therefore , 

I cnnclu~e it :s most important to con"ider mqterial in our analysis 

of tools , our explanqtion of' type , an,.:i the stu1y of' technology . 

Often I h~vc h~ard rsference bei~~ m~~e to a l"rge thick i -" nce , 

irrc6ul,,,rly surf ::1.ce--i:-lalrnd c;.tC " crude he'.lvy ri ~_-1.ce " or " cruel~ percuss ion 

work" , wherer s , in reality , the · or1{er W9.s a s 1rille craftsrr=m to ha e 

prorl 11 ced any type of' tool cons id.::rii13 tl1e material he 1a1 to Trnrk with . 

I hswe also h-:;ar-1 this same rcf,..,.re11c0 being .!Ila.de to preC"sure T, or\. on 

poor material ~hereaC" the presence o~ r11y c0ntrol at ~11 enoted a 

skilled crafts~an . _ stone~nnpper w:11 al~ays relate the quali ty of 

work~anship to the material. 

Years ago when workin0 in the East , I ha the unhappy experience 

of seeing the quality o~ flint based on the quality of' ~ork done by 

t 1e pas t s toneworkers - assuming when beautiful precision worr was 

accompli shs th~t the flint was of good quality and coul be wor~ed 

like c11eese . ~inequality material des war~ better and produce pre

c is i. on fla1;;:ing , but this C".nnot be used as a bas is for judging t:;he 

quality of fli nt . for one ~ay find a gooi quality mat~rial poorly 

fl a r,.,. -rh ic . is just the result o-r '1n unsl-::illed -rnrkman . T11i s mqy 

seem to be 1iscordant with my plea to relate tecviniqu~s to material . 

Ho½eV9r , tl is is not the case . Poor mqterial showing skilled and 



controlled s c1.rface techniques io 'S in0 icate good r,rorkmans 11ip . Good 

quality material s~illfullJ worked also ienotes goorl 1rorkmans1ip . 

But we C'3.nnot reverse t 1is procedure and assume thc1t a11y arti f '3ct 

showing controlled T-Tork denote,-:, goor'l material for we must keep in 

mind the human ~actor o-" fi d.i~g b0od work on r_r,oori stone and poor 

wor on ::;oo :material; ard 0 00 ~,rnrk on poor stone anr'l ppor work on 

poor mat"'!rial . ·Je must also ke':)p in mi.nd. that there are those who 

do not recognize thermally tre<.1te11 stone and they may 1-)e vier,ring this 

h3ated stone ani c~lling it good f int whereas it could actually be 
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an inferior st')lie improved by h3at tre£:.t'1lent . hen we do f'i nd poor 

wor: on quality st0ne then I thin~ it is safe to assume we ~re vieting 

poor wor::m~nship , unl3SS we ird , on ins p~ction , that t 1e worl<:er was 

merely pref'orming good material w11ich was later t~ receive the r~ fi ned 

tec11;_1iqu-2s. One c'.ln relate tecrniques to m9.terial but we cannot relqte 

materiql to techni1ues - th~ olri story o.,.. the chicl<:e11 and the egg . 

Becau,c o.(' the close relationshi:p betwe<:;n material a,~,.:i techniques 

we must be cqre~~l to jurlgd c11aracter ~r the material berore we apprai se 

the quality of the work . 1uality of materi'l plavs a great pqrt in 

t1e resultant uni f or:nity of fl9..~ring , thinn-=;ss or the artifact , and may 

even have guided t11e ·,ror1cer in deciding whether or not he coc1.l de t ach 

uniform flakes with precision , control and regul~rity , 8 i ther by pressure 

or percussion . 
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crystals , hoNeV8r , do h":l.Vc fl"t pln.lY'S o " -:ror-vth 'Jarallel to the 

sid~s o-r the crys-sal. In or1er to _tJroduce ::i good tool of' quartz 

crystal , it must be ori3ntod ~1th qn axis o-r the cryst~l - t~~t i~-the 

propos :'d ·).rtif· ct rrr.1st be parallel t0 t11.e fl9t r:ide o"' one of t',,e six 

sid 0 s of th9 crystal . When this is lone , th8 applied -rorc~ wi 1 mo=e 

the fl~res 3cross the gro<rth patt8rns thereby permi~ting more uniform 

~lakeo to be 1~tached ~:th the minimum 0f' steps . If this p~oc8 ur~ 

is folloT<red, the ,,,es ..... twill he a thi_n , uniforrr ar-:-:ifict. 1 hen the 

arti"<1ct is m~rj_r" "rom & cross-s,';ction o-" thJ er~ ~tg,l , tl1e res·,1tant 

tool will have multipl1 ster fr~ctur8s bec~us~ th~ ~ro~t~ patterns 

will 'ot l. lo T A, long flalre t0 1-e ...... 2 OY~ rlue; l,0 t','5 intP.:r'S';Cz;ion of' 

so~.,- J ClP raze plsm"s rf the '3rO•l'th patte:r"1. Th9 r 3,1 , ting '1rti-f'8ct 

will,; :~:1ic;r sn:;_ ill-f'.Jr'll,-,rl a.rd "I'-:_') arn01ut ,...,,-f' 1=· 1:ill ~'l,'1 O7JrCOT"e t 11e 

Qu~rtzit2s and Sili·i-Pi~d s~"d~tcY1e: 

From a stonewor~er's point of view , t~ere 2re at least t~o typ9s of 

quartzi tes - the metarnorpho'-"'8d JP 11dstone and the fi licifiPd sa"ldst0ne . 

They are not re~ ily rletect~d and defin°1 by ey~, ~ut when they are 

wor:rnd the di f ference is ev.:.de' t. T11°y can bot}. 1,e percussion flg_ red , 

but there is a nark8d difference in t~3ir workability . Ttre type of 

quartzite that hac been cement3d by chalcerony joining the granules 

of quartz togetr>er (silicifier'! sa11'lstone) allo'·rs more c0ntrol of 

fla~ing than the metamorphosed variety . There is also a ifI'erence 

if the material is formed of angul-=ir sa"'rl i"lstead of rounde sand grains . 

The brecciated silica cemented variety is t1e ~ost desir3d because 

it will qllow long , thin , well-controlled f lakes to be retached while 

the material composei of the round3 grains wi lJ not have 9.s much 

flexibility . The brecciate1 an~ the rounded varieti 0 s r~spond readily 

to heat treatment if the matrix , or cementing medium , is chalcedony 
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or a s:mllar ty~e of cryrto~ry~t9.llj 1e quartz . The metamorphosed 

type o~ quar tzite appea~~ to have een +"n~med by h~at an pressure 

until it is vulcan i zed iLto a le>1se , ~o~ract ma□ s ~1th t e bondirg 

ag~nt uni ~nti ~i~ble . T~is var i ety h~s llttle or no respons~ t o the 

ther~al treat~ent . A laboratory analysis o~ the di ff erent t ypes of 

qu9.rtzi t es would , p9rhaps , rcveql much thqt wo·J.ld be use f ul i n pro

moting a 1~etter understandine; 0 ~ t11 · s m9.t8r i al so us"' f u l to the flaked 

t ool i n1ustry . Metamorphosed san1stone 1~s the qual: ty or very coar se 

gr anulqr edges which was of ~uc~ vaD~ to t~e a origi nil . I t i s mos t 

use f u l f or ~0r~ing hone , wooi and antl~r , ut unsatisfactory f or 

r"'fined toolma1tin3 . Tec11ni y_ u~ · are limi ted to percussion . 

81.nd:c'tone nn1 Con,,,1 )merate.3 . 

'etamorphos J . ands-so11e ha<_; bee>1 di scus,;ed under the q -1.artz i t-33 . Some 

types c.,f .3andstoner; ca1-1 "be usvfu1 ~nr m8. 1cirg thic 1 
, reavy tools when 

the :perc1 ws ion met'1od i 3 1,;_sed bJ.+; nost o-<' -1-~1e n:,qt ,ri8.l i.:3 no-s suited 

f r\r pressure fL1 1 cir,::; . The s: "-' v E-..r"' type;+" --:3.·,.,,.:t grains ci;,1d t1~ t 1 pe 

0~ ce~entlnc mqterial nature sup~li01 wh1n D~r~~n3 t~e sa~dsto~e will 

have a dir8ct r~lqti0>1shi~ to t~8 ~uality of tools produced . Si nce 

sandstone has ,30 m0 .1J vr->ri'l.ti'.ms , i+- is c'l ' ~fic•:1. l t to discuss them a ll . 

TJr.,_ p vi one is .mqlr i ne_- an 9.:'.)prai 39. l of sann"t"'1"e , t " -<' i ...,.st co'1si1eration 

i s t exture - or tlc s i z- and kin~s of ~an1 - and t e j oi ning 0-<' the 

grqins whether by s i lica or calcium car bonate . A +"urther apprai sa 

woJ. l be the sonorous tone produced by striki n~ the stone ~ith a h9mmer. 

If .:;tri k i n6 the material prodJ.ces a music::tl ring , i t will i~r1icat e 

good workinc qua l ity . However , lf the stone hRs a sound- absorbing 

surface , producin,3 a dul l thJ.d , this wil l indicate a poor q_uali ty 

materia.l. The f i:1al tef·t , of' course , is to appl y the hammers t one . 

The most wor~~ble sa~dsto1-1G I have f1uni i s the quartzite or 

·"' '.i. l i ci fi e -:::andstor,3 ,.., r0n Hell Gap , ~.J yomLg . 



17 

Their ';llor\a'.Jili ty ,,_ .i.l l depend ou w!-i,:,_t ".'.l&t":ri"" 7.., the brecc i.as a"'d 

Bot, wust be predo: .. irdt0l;y y_'lartz. If ooth breccias , gr~.vels and. 

bonri · -·o a 6 e. 1t ho.ve the same degree o: homogenc ty and texture , t .en 

we ha;e a mat rial that is ideally ..,uite~ fnr tool making. 

3J.ll ~uartz: 

T:1.i.s type of silica .i.s t1'1e p;:~gri.,.,tite , or vein , variety usunlly fo'"'md 

in the colo-rs of sno:: w1i>~, opac.lJ.e anr is s0:rneti'Tles colo-reri ;:; impurities . 

and t~e surfdce cover~1 ~ith 0tap-f1~.ct·r~s. 
1 , v\ 

Nova__, l_i·t--..;: 

other mat er i als us~ :i.. 'jy the aror:..gina r;. T:1e ,..,::J.npl2s I hcive are 

frorrJ. Ar1~,-insas , but tl1ey ,na;y not -e re,.,r8sentat; 'le of' t e site . They 

are fairly c arse-t<:xt ffe , beLr1g coCTposed. ')f' microgranular quartz , 

and w~1ld f'~ll int e cate~ory of good qua ity salicifiei san1stnne . 

lJ . H. Hol:rnes (Bulletin 60 , 1919 , aee 196-200) describes novaculite as 

be inc:; the sa"Ile as c erts and. c 1,""lce onie3 and 1·.ri th some ,q vtng color . 

At present , I cannot attest to the flOr~ability of this m~terial as 

~Y samples are not o~ 0ufficient size to per".'.lit MP to eter:rnine the 

flaking q~alitles . Since the wor "novaculite " is us~d an~ accepted , 

I m'~'-e bare ention of' it here u',til a f._;i_rther study C'3.".1 ~e made to 

acter:rn.i.ne lf' it has qu~l i ties th~t will .istinguish i t ~ro~ ot 8r 
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C '__.lcedo1 y is pro a y the ~ i;r"'~t ""or __ of t'11; cryptocrystalline 

silic~. I~ its p~re fnr~, it is transp~rent or s~~i-tra~s ucent -

s:ilts :n'.3,J cau3e it tn ~_ve ti1.ts of ·rhite-greyi_,11 , =1ale '-ro"'.rY1 , ar 

r:-iwn , r 1~c{ . T'1'3 tendon color is t'1,, .1;,ost common - ye OPish , 

amber , oran 0 ei~'-1 , redi~h , _;\,nl sometlm~s it is ev9n a elicate bl1e 

or purple. It is als founJ in th3r shades and th3se are given 

ot11er nar.ies . Agat- is s. varic 0 .;\,te cvialcedony •vith the colors 

iu the 31 ::ca W-1, de_po~i t ~r • t ") b'3.D 0 
'-' - , 

forti_f'j_cat~ :n , ribb0n c.nd. ot 1.,r 1Jattern3 fo.,,_rn::1. in ag<1te. Som3 o" the 

varie-f:;i ~.:: 

rJ.0"3 , plu -~ , iris , ,:,:1ador , ~tc. 'I' "' v _ r. ~ o::mlar ;,io1,;1- J ists c:11 e 

g,re surprisin.~lv 'rell-inforr1~ on t e source--; o"" t19:;_ min"'ra s 

oth foreic;n ELli iou9Stic . If' +-ne ::;tri~es 2nd 1'3.y"'rs of' chalce ony 

~re hcrizon+-~1 , it is ten c~ l9d ony. Chrysoprase is a ~reen 

chalcedony. Car~elian is t~e orange-r~d variety , or what might be 

calle a " rust " color . a~d is the brornis, red , sardonyx is the 

same as sard , but has the alternating vhite bands . 

Cnalced ny ir-; :.. 01,,_n' in m9ny qnrJ. v.3.,ri_e textur3s w ,icVJ rel2te to the 

f'ineness or coarseness of er J s talliz..:.t ion . The t "P"" wit t11e finest 

micro-crys tal structure as a waxJ luster and , a ter he9ttr- , t1e 

luster is a lrnost g assy . ~oss i bly t 1
" is variety c0n St; ns r:1ore moisture 

_or , w½en it is hsat-treatei , it requi 2s ~ore tl~e an cStre ~ring 

the • rl p.:rioc . I~ hqs a ten anc~ t0 c raze and 

crack easier t1an t~e coarser textured varieties . Of a 1 the mat~rials 
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I have wor'_<:!rl , t'riis type of c alc~rlo 1y Y'lL"' /:,,.11 tre attributes 

desira1 7 e for ston3 fla'"i~ ___, , i-Ja::""t~ c tls-.r y l):!".'ecision pressure fl ''ing . 

A ter h"'at-·:-r""'3.t~. -;.,t , this vari Jty j_s o+>ten cn:-:-ruse'"l --it' opal b3, 

thosa ,~o have ~3vcr atter~tai stone pre"sur~ ~ a~ing . T'rie banded 

V-9.rieti ;S vf c 9.lcedony arc r..ot c1s 3"' i -ral, -; b~c--:use o " +-•19 cl19.ne;s:s 

of texture between tlre bands arnl layers. Ch"'lCJ ony is ti~e rrimary 

material or constitu~nt in th3 forma~io~ of all t e cryptocrystalline 

quartz fami 1 y rocks . When ~h:s form 0-r silica infiltrates , fil ls 

voids, blends , itlfu~ed , is absorbed an~ com ine with oth~r minerals 

~n- treir sqlts - t1ere results t~~ wide ran3e n~ sllicious mqterials 

U"'ef11l. :'er ma1 .in:; fla]rnd tools c::1.:.-id arti f c1,cts . 

Jgsp ~r is the r-:;3ult e," a comb '._.nqtion -..>f chalcedony a''- 9.1 6 j llqceous 

S; Utlents or re.:;ido.al clays uit 1
' a simultrineous -:tbC'orptio-~ or 

i nfiltration o " t'1e t't-io . i:;,re~1 J.e"tlJ t11e cl ,ys ,,il shrink anl ]~ave 

cr~,c'rn w1-:.ich Tli.11 fill ;,J"it', ch:-lced nJ , _:;i vi . . c; t e matr>riaJ. t 11e 

c;;.p~ ~2rance of :.iei,,.,.c:; fractured o But , actua1 ly , the crac'rn e.re wel -

healed with the cYl.alcedonJ anl a ho11.t ,c5e·1ous m·3.ss is cr9ated . 'T'11is type 

of j asper is a goo li thic material and tl--ie c:1~ lcedon;i,- ill'3 cracks 

only~~ t~ tl--ie bc~ut; or lhJ art ~-rdct ani o not impede the 

wor kqbilitJ of the stone . sper th~t is green in color with red 

i ncl us ions or spots is normally thou_;ht o "' , a11d re erre. to , as b oods t one c 

Green j asper is opc1.que while c11rys oprase is semi-trans l ucent . 

Actug,lly , green jasper is on y an Lnpure form o -r c rys oprA.se . Jqsper 

may occur i n ·arious colors , the iron salts i~ t eir i +>feren t 

V9.lences produc "i ng green , red an·l yellor•J mqteri -::i and , occasionally , 

all being represe11ted in t he r-ane sar'l~- ln.. It wouL se--;--n t at the 

opaque or i mpur3 chalce o~y ~hould hd classe1 as a j~Pper regardless 

of color . The workability o~ j9Sp3r is the same as c~~lCP ony - .oth 

basin3 their degree of workability Q the amount of i mpuri ties and 
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the ~uality o-P texture. Mo~t varieties of Jasper can ~e successfully 

altereJ by the thernal tr2at.nent. I have foc.1.nd only two exceptions: 

one la a coarse- rqine greenish type o-f' siliciPied cay from Tunisia 

w1,,ich ,rn,s given to m8 by Dr. Jacqu~s Tixier. y eye , this varved 

material ap;.:eared to e no difPere"1t than other similar types of this 

type of st':lne , y3t , when su1:)J3cte to h,at . there was no apparent 

chanse in the texture or the workabi i":-y of the stoneo Ye t we fi nd 

that the early people of' Tw1i s ia altereri a'1 wor':ed thj_s material 

very successfully . Anot 1'1ar una terable exar1nl3 is an Ir'l a.110 mat"'r i al 

cal le " . rune au J3.,sper 11 frori the rhJoli te at t11r; bottom o-f' runeau 

Canyon in Souther~ Idaho . Ttis jqsp0 r is .uch d~slre~ qs a gemstone 

becaus.3 of its V"°)ry 4.isti.ncti..vJ p2tterns a'1ri •ras also U"<ecl by 

abori3ionaJ IlF'TI in that area. Eo-rly mai was able to alter t1'1 is stone , 

but , so f'ar, I h3.Ve had. no succssc di th the thermg,l treatment o -P this 

mE't0rial . P3rhap'"' , T•ri th further ax::ierih"'nts anrJ an analysis o P the 

c ompon"""lts, Ye m.8.;:,r <>termi. ne th"" --Hf-"erenc3s between va.riet ies of 

jasper. It is app8rent t11at p~st stane~orkers hqd a gr3ater under

st:rncline of' ··•h9_t constituter lit'1ic !u"+--::ri 0 1s a,,.,r'l t 1'1e lono_;~,,. I attempt 

to incre-::,se iay kno~-rl""~.0 e 01" t1:'1e l:tric mat~ri'llS , t1'J.e more resp~ct I 

have fr arcient man . 

Or~.smic Renl'lCe .1ents : 

Organic replace,11ents 9,re ordina.ri ly compose1 of men be ,,.,s o"' the 

cryptocrystalline s i lica fa~ily and have ~een much utilized f or 

mal{in.; la1c'3d tool imple,.nents o I <;re , again , chalcedony pl?..ys the 

mos important part as a replacem0nt 9,gent . In previous paragraphs , 

tl-ie variations o1" chalcedony are described . Chalcedony is , by f ar , 

the most co:lliU.on material eposited in voiis lr:d' t by tne d.eco':i.position 

of organic substa ces a~d the dissolving of certain minera s . Casts 

are the total replqcern2nt o1" t~e or i 0 inal , without indicating the 

internal structure , and they ~ ill s~o~ the external f or~ only . 
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One of 

t1,,e mo--; t cormnon replace'1''": :1ts l-: :•:oo-t l~ut th")':'e q,,..e m"' .. ny others 

suc}i '33 palr1 r ot0, aqu3.tic ~)lc"'"'ts, al_:;e , bog- m:1t-ria , si,,ell a·:1 

one . T c:.:;e !J<1teriaL, 8.re c.cw1-1 ly -1•·itJ di'"'t°i.nctiv·) ~3Ca"SG of' the 

1i-Pferert spectss re~rJse~t9 an can u,ua ly ~e identifiA by 

tracin: t~eir sources . ~hen woo~ casts , repl 0 cc by c~alc~ on) , are 

found in sedim8ntarv rochs t~ey app~ar to have finer micro-c rystals 

than tv,o::::e simil9.rly r2: lqced but folln1 in lavas . T' 1 ic caus3s me to 

T,rnnder i -f t',e S3d'...:nc,:-its in r'--iicl1 ;,"'e mod i3 " ou.:nd. :may pl'"l ' 8. part 

in det 3rmi "line t'-"c crystalliz _._ti or:_ t 11'.:.ct ta~:es J.0lace . 

occc,[rances 

,,, , t 11J ·e .:1.re t'"l"'l~e who us' 17.., c0ns.i.-8T anJ ,,_::l.rd , ~n...1~;:1 stone to be 

-" 7 ~r:t and gener,..illt con ,ic ;r o.'t a:rrovr'1c:a--i, t0 )e 'Il.2. e 0 f' f int . It 

appears tl-:'1.t th':'!re A.re tl1ree _)""."ed_ .... ..J.'.i.i int fn-~ms of' fl:nt - t11'} c'1all.r 

-P J.i.nt"' , t'1e liCTec-;ton--; i' 7 il'l-SS , an'.i t 'v;) li~htJr-colored -for""s , csilled 

cl-ir->rt. It se--;ns to .:: 'l co1cw10~1 :ractic::: not tn rli_-P"er""l"l iStte h,tween 

the sllic8 forns but to 0 r-u~ ~ 7 1 crJptocr~stalli~~ f'n ~s o-P ~ilic~ 

unrJ3r t e 0"•'3 n9.r.::; :Jf' - "silex". For cx"J.mple , the t 08l"l-.1~"'r i s c mmonly 

cr,_l 0 a "flintkna.1.1per" . For research e,11.rl rcadL:g cl3.ri -f' ic.:i.tio. , it 

wou app~~r there is a need ~o distinguish betwee~ t~e mRny varie ti es 

of this material to f 1 1rthsr clgrif J anr represent the inherent q uali ties 

of each s01'rce . This Tv·:m 1 better "'St.st 7 ish a :elations ; D between 

tha workability a~~ ch"r~ct,r rf ~ particrl4r -f'li nt , as .e l as its 

geoGr-P~ic distributi on . 

f int that ctre not enti:::-elJ J_r...n~rstoo1 ev3n y t .. e :'lintwork"cr . 

Out:rr3.rdly , or by risu8. ins~ --;ctis:)l'l , :m "' lint may appe9.r to be o -P t 11.e 

exqct nature of t~~t -f'r o~ a d i~ferent s i te - yet , ~~en subj~cte to 

the P"",,..c·· 1 ssi.011 I'.l,thoi of' t";t"1.C"tins fl c:i 1-cs , it do~s not respond r-re ll, 

piiJ~ -P o~ pressure work it will r~spon admirqbly . To cite an 
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f ine by pr,:;s--; rre - untreated - ',ut it L, very -ii "'f icul t t 0 "orl-.: by 

this m~terial was f~ashly mined or sur~ ce , but he id say t~ 0 t he 

To date , I can f ~ ..,d little or n0 a,cree·n-:,;·~t amon~ the pro11inent 

studer1ts 'Jf l"'.liYJ.erJ..logy o:i.1 ':he J ' f-"'._,renc:rn or s:..nul -,_.:iti")S D ""' cher t . 

ine 

fl:nt are th~ □ aJe . (.d' .. oP. :2righ2r:1 , "Textboov o.,.. f'.aolo0 ;;" , 901 , 

to 1, .! ._, 1.,... Ot''1~rs 

eing the -.-.ror'mbility - decl1.r i ng f int T·ill ··ror1
,.. "better t 11a'1 chert , 

whs11. , actuqlly , it only represent~ a degree of qvality . T½e homogenity 

and text1.1.re of' both flint o.n chert m<11-C3 th8ra in:listinguis 11able an 

there i2 ~oth good and p oo1 f' l "nt and goo a~ poor chert . I t is 

the de gree of texture of' fli11.t or c' ert t~rt et 0 r 7ines the qu~lity , 
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f'l int 

:'l.:..nt. 

. so , 

an int~rn'l.l ::;tr ~::;s .,3 U:'l.t ~r:; L...n.detectab e until one atte>:1:;Y'- s to 

It 1~ true t~~t t~e 

cxa:n:i;:ile: 

co 

whlcl-i 

' J..U 1_937 by r}r. H.C. 

storsd for some 28 yndrs . 

e: y rate fli.n.t mt I thL::l: t"nt my store 

2nd. Bu.tler , 19( Ii.) 

0 

I ~i ,,,,i tv,at the 

to m..., in 191J0 

flawl;E'.:; . 

flint in~ic~t~s that 

or ~~hydratef ~11 .tis 
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~ft31. f' Ji.-: ;'L . .., be<.;r: sJo'i,ly 1Pat3, a,~fl coole: , i._t -,, .... 8 a .ruc1::; 'l.Ssier 

text ~11 e w11i ch increaser; t,h~ e1-·v3 '"'~ -"' 19,_l _ 3 abi ~.:.t:r net1-rr by vr~ssure 

r percussi.0:1 . On the ot;lrr '1~ r'J, fres 11ly min~ ~ate;_ratee.. f int would 

have a di ti on<1.l s trP.ngth b ~c~tt.,LJ _ t~"c ,'a c0 r filler. V'JL s between the 

.micro-crystals :'TO 111 th-.::"' tr~.r.:::::I'li t ti....E: rnrcc f'rum OYJ.C .micro-crystc1.l 

111'1.d.~s ...;li.=,>t 1_2,i moiee f2-c;xib:i~. f,r.~"m-=il C'"lnVt.;:r.,~tio: '.:,ncl correspondence 

with Dr. Jor3e~ ~~1~ 0~~ri of' t~~ Nqtlonal Nuseu~ ~v Copenhagen reveale 

some of the "Suro_pc.s.n tl-iin {i '7.3, Ol'l frs..:ih 1" .nine'1 -r1 Lrt . Ne ldg.qarl has 

r.·rnrked v-:Jry cl0scly '•'i t11 Andres Kre i 0 ' , a s~{i: J erl fl i ntwork ~r fr'Jm 

Ju.tl,:,y, a::. 0
, tozetl-i--;r , th.3~ "'"'tc t 1~~ boo11: "Mand 03 Flint" recitj_ng 

ti eir exp~riences 'l.nd i1c0 . .3 on t e stone 1m'l.p:--l: _; tPchnj_'": 1 l';S ryf' ::Jer:'Ilar:( . 

The;l conlucte, come testr:: 1it,1 :!Janlsr -i:- 7_' :'lt u1r'l_er CJntro lerl l!Cll-:lori..tory 

con i ti0ns to 1etcr~ins tr'3 2bsorptio-v,_ of ":a.ter ,y f' int. These 

experi• 9nts prov~d the amount of ~ater flint will absorb is c~~ 

sider'"';,ble 9.'·1 d Mr . Krei._;h was of' the opi nion t1at fr8shly min"'d flint 

was :t:i.ore e . ., ira:Jlc ~~111 ::,~r'Tii tt ..... d .or~ c 'Jntrol tJ.-ian the su,~face varietJ . 

To further illustrate tr8 ri~ferent ~rieti3S of flir.t: In one o~ our 

cxperinents 9.t the Uni7 rsity of Californi9. at Berkeley , :?rancois Bore"' 

;1,11., the ~,ri ter rcce i ved s o::.1e ia.rris on County Indiana fl int ~i VcYl to us 

bJ :Jr. Tts..ymon'i S . :2£..b" of' the hio State Museum. T'-1.is material h.-:i "l_ 



r3s 11lt o[' nc1.ns hit "'rJy plow an, -ri~ 7 '3. trolr- l.11 t :3 ~a.rn:. tillL ... g. 

1rt1ethsr it is freshly ~inc or sur~ ce - _etJ1ratad o~ ~· rated . 

c10.ract3r. 

flint , it i·Jill 'Je o. c;r:r.ibi YJatlon o"' the ilica anc lim'3stane , or silica 

an chal1
'" . This 1;rill dep 11rl on the sedLneV\t in 1-Jhich the concr tionary 

no ul<?s of flint ~,r~re for:n"d in . When a f int nod11le is forr::<;d in a 

bed of linestone or c~al~ , t~e center will usu~ ly c~ntain a ~rasrnaYJt 

of fossil organic ~terictl . Around this organic ~atter , micro

crystqls o~ silic& h4ve for~e c 0 nc0ntric~lly ip t~e silica charge 

waters cnntinu'3d to p::rmi9,t~ t'1-3 deposit ')f cl19L or limestone . 

Tl1e groT,1P1 of a p"_.rl in '3. sh'3llfic-;h by the ,-e:1ositing of n3.creous 

materi1.1 on a 1:--iecc o-i:- irritC'l.ting substa!'lces l. 'l. s 11itat ~ a'1alogy . 
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l int 1 1as n 

q_n3.lil:, . 

··,aters . then sev'":.ral nodule~ are f'or.".!in:; clo<"'8 to crl'le 2riot er they 

ma;,r join. Th.., j olning o-:' S~V'!ral ·.ill rec-ult in sorri8 interesti "'g 

The continue1 0 rolt1 ar 

t0 t s.,_icro-

e of or a.er. art orrris a~~ scu pt ires . 

j0i 1i .s of' nodu C;S ca'Yl , 11 tim'""tely , ma1:e 9 

cnrt 

is a 

p8rmi tt ing a wi de thiY1 19 1-::2 to 1)e d8tac ~d ••i th out breski '"g off short 

Nviicvi c9.11ses step ... frq,ctu,...es . Fli• t h_.s ~. r';sistance to "e., shock" o 

Tl,.,, t is , when V1e blades are re 1oved ro ti,,e core , th~ s' oc,. on the 

"'hi"' I t'1ink o: 3.S elastici.tJ . 

Th::,...P is CliW'i cerable vari"ltion in t1e t3xture of' fli nt an::l. tre 
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, ,hen cl 0 avei or a 

cor~se e ruises a"1d destroys 

no sc_,r. 

in ana ' s "~uartz Fa ni 1...y Ili::'"'!:..~alr;" (1 or J "Flint i.s 11e3.r? opa ue 

arrowh3ads n~d ½atchets." . 

stating t~~t chert is li:~ter :n c0lo£ tan flint a~l t qt ~lint is 

in isolqtc1 :i:1orlul:)S 1'!'-:ile ch:!rt is in beds . :!hen t~e toolnqker removes 

1~9.chen . y 

exposure mYl , ~'Jocsi:,_y atin2te , ,.:c pr0Ll2n h?.s 1)een created 1 1ring 

more -'li-f'f'icult :1ro1:.,1~.1 than the id3,1t:+-ic':l,t i on of m3.ter ' 9. at its source . 

It ~~1ld app8ar t~~t for the purJose of iden~ification of lithic m~teria 8 
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yet , ~ln-poiYJ.t descri. tion 

~e u .... ~f·1 in det~r~ l ning t ' ci r 

1i:::;rc:ition7_J. routes . 

r11 -0-r ::::re · --;e L1 t 1"'e -1n"' .... c-.'.l '.v ~7
": • ..!·1'-s c---_1+;::_i 1--: in :-'le 1-- ,,,:; l .... qc ' ~i ng 

.5 p).. {/ /! I'/./!. 

i n t '1e ot,,.,"'r . T1"3 ~---,,_L(~ J-r CO2 - or cqro"Jr1ic ·1cir1 - in qs--;:::ic i ..,tion Y 

~~th to •hie½ t e 

pqtina 1ill penelr8.tc . On,:; r:. l YJ.Ote tJ~,.,t t 11e Lin enrne i r o l "lom 

a :.nore exl1austi v~ stu y is one on r-'nt ';rials , no coY1c l -1si0'1s msi.y ,e 

NON-CRYSTALLINE VARIETIES OF SILICA 

'3.'"' 'l the vari'.)US ot 11er re:plqcenents of organic 1.qter · 9. l ,....o T11": c 11e,.,, ica 
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a!!lounts . 

color '3.n'i 3.pp3a-rance 3.'~d '.r.:, a resi110J.s or 1az:y luster . 1'11e co or of 

o_p;:i_l .ill9.s :.ic I'll tc; , ye l loT·T , i--ro;m , red , __;rec 11 , hlue , __,r~y , black or 

Op 1 ~" the mo1t brittle of a 1 the 

0113 -:;ees 'J.n ortif':tct m.·~d"; tit r:19,y 

are : precioL 

cacholong - thqt ~\ich ls op~qua '3.~c ,orcelain ~hite ; opal-agate -

beca 11r;e ') f tvie iro11 s<1lts a 11rl ot11~r L1.,_11J.ritj_es ; wood. op8l - opci, l s il ' ca 

forr:1 ) -f' o_pa associ'J.t':d ,,,i tvi v::ilc:mj_c r c_-s a 1
" occ"r j_ ng in slass -li lrn 

concretions ; D1 or1te - silicious sinter ; tripolite - c nGistirg of 

Because of its hi,}TTater contc,,t , it is '3. 
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sound 

0 l t_ Ll. l 1 e rJ.is i ntegratPs . 1111is 

Tis crazi g 

into 

s "1 ... J 

It · s t is 

lit 11i.c r:D.t.:;ri'l.1 b8C9.'J .. e it j__:; 110t as :r2._;ile as opal . I11 spite o.r its 

ts 



It is 

r>ro this 

f ou.ni vri t' t '1e 

cryst~ li "l3 vari, ty 0f 1n~'-rtz rs_tlrr tl: an opal - or the non-crysta 1 ne 

7 .! 

;conr'l.: o e 

'i ci: u.11~ i , 9 C!'ypt 0-

one o" t' e o" c'. le; o v f . .__,.'l.te , m: he 

US8~U tools. :111.:: oth.: ~ v_..,rict i8 ~ liste 'i.bove 

ara o~ li~tl. nr no im_orta-ce to t~e 1:~hic in~ustri.s . 

o crys tall ir.3 o:'1 non-c rys t J.lL_ri 3 va ..,,ieti ';S "f 4uxxt:z silica . 

a:1 opol an 

opal . 

crack un ~re not ~s brittle as t~e purer rorTs o~ opa . 

It id not uncocmon for opa to replace organic. ~te ial3 , t~e mo~t 

coJ:mon 1:lein,::; ~•roo0 , 'Jo.:= n.ni ot'12r Ve 0 etable substances . So"'le of the 



it i s the co ~on o~~l , semi-opal , j asper-or~l -nd th~ agate-opal thq t 

qre th'3 most c mmon ai1 a so t1~s :no;:,t ur- __ Pul for ::n<,i n_:; stone tool s . 

Th~ oss iliz~ ,Jo.=;s yield thi C' t ··pe of opql in more massive be. s 1- y 

replacin~ th~ dte·~s , root· , sees an~ l3ives of extinct f ora . 

tools. 

lank"'t veins . 

b.s i i 8, I (},. d O ( ..._ I 

Pitc sto.,e , ai-ipo·/rser/ ._:;r ·le o ""' oh'"' i r ian 
Ignim"l-:>ri te , a • ~ :i~-'i vole tnic tu ,,,, • 
.:5a"'9,lt , t.:y_pe J extr1,;iv,., ,,olc-,,n.:..c rock 
T:.h,/u it 3 , 'J_ i,_)1t-colore· volcQ .;..c rock 

"rJ.ecite, '-l •rolca"",_(, L1-I: ,r 3 .i"'te ~,.,etween 
has .:ll t ,, .,,4 rh~roll ':; '...r. c -:u.pos it 'ton 
:;:-'2J..,it"' , the "':e us"c1 r....,,, bot'- r' 1y'"'li ➔ e 9.·..,,t 
an ')Sit3 l 1 ' 8D a .~ore '.3CC'' _;:-_,te i' '";""'ti. -fi c 0 -f;l_r-n 

i" i ,1r.1ossi 1Jle . 

I . 

Opal 

"tone 
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0 
A vclc'----._n:c 0 7 'J.s.., k_.:"'\r1s · c-+; · n:.:; ') -r :;_i ;e or potas:-: ari 0 · 1.:.c +- 8 wit!1 

aluI.!1L9. ~r:.rl. i".'on , u-.stt"":tly--fmr::c-d: Hr e-eftfle-et-ifflt --:H:1- -=l rt.,,,. .:_:>9,r~ 1• t 

It C 
.I. ..., Th~ primqry co or 

~ 

-·~6 on a 1rl s-3~ t 11.~ 1:n3.uty ,..,-r +-h:'.._3 rnqt--ri'1.l, :o-~ +-',;r ls 11·1 monotony 

e-: , , t re':_ 1 l ~--s less 

T~e c:..7pto-

Ho:,ev.:;r , t '1e S 1'.3.rpn'.::S.] o -<" tl e obsi~l::m ,n:~1 :3S •101~3 tl-1 1.n C()ffi enr-9, t es 

i ~ .... e~e:ce be tween the two mat~r · ~1s . 

SL c~ 1 t occn,,.~ iL r::gior.s 0 f vulc ni-;:n , it ""l.S 

in th~ 'Jes+- rr Unl .... :::. States , !Tes o- :nric :t , Sout \..::1ertca , 



Iceland qn1 , to sone extent , in t~e ~edit.rra~eqn area and 

in Africn. It wa.J ~mplo;ycA i'". v~'3 m9,r,u"'act 1 lr_;_"'r:i; ,,"' cuttinz 

im:lemAnt.s , tool"' , ~roj3ctilP ~0int~, ute~sils an. ~i rrors . 

'fhere '1re :rrultiple ,::;re.-.... "'S nYJ.ri :ci 1
,·

1 s r,f ob,icli'.:l.n r""l"tiv--- t o 

work~bility , ch1racter , a.,,,d color add th9se differences can 

occ1 r in the .32.~.,,,,e zone of ·v ulc?nis "1. In trie 2ame volcsmo , 

ifferent ~e~p~ratur9d were reach9d ~hich resulted in tYJ.e 

pro-'lucti.. ~.., of' d:fferent fQr!ns of' volcanic _slass . T11e igh 

t emp9r~ture0 ,roducea fQrMs of' criatohalite and tri~y~ite , 

cre3.ting .s 1,,-::i.l s heTes , o..,, sp1,""ru.lite.:; , r.,it 11in the ~2terial 

with a ra ir,tin'.:,' or "'ro1 e--l_i_ 1re struc+11r9 a11 t 11is is c·i led 

snowflake ohsi iqno :h9n obsjdi~n con+~1~~ t 1°9 ~ph0ru ites , 

th<:; str1Jctu.,,.,e i:, .t1Tea1.__..1ec1 , .i'1.'·i1g this m3t'°'ri · 7 '3.YJ. 1-,, f ,::;rio..,, 

str2?-. cort:.::t"ns tb~dc spherulites, M'l.l:ir:; ir. u:1S'J.it~':le w0rking 

strne as 0110 ~uc;t fir.:+. d · ::t<.; th9S') i r.~rf __.'"'tio:1"' a~r1 , tl''e:re f ore , 

o~lJ 3~27 1 ~:~~ tools c'.3.n be ~roduc 0 i. T~~ e is al-, a 1iffer erce 

coarsJr-textu.red var.i.eti9s '1 v J '3" 0 .;;tre 1'1 6 t 11 '-"'1 • th,,,re f' o7"'0 , 

are !:Ot as d:;si rabl" =·s t 1r "" 0ro .J~ treous types. 

The a3a of t A abs~ :a~ i" ~1~0 a factor in its worcability -

the old'3r t~e ohsi1ict~ , t½e ~or~ i~tGrn~ stresses Pn1 strains 

because t, e molecular '"'tructu'"'e i"' u.nbal9,nced hy tr:"ing to 

regain a crystalli~3 f0rfl , m~ 1cins t~c o i 0 r m~teria_ unpreiictib e 

f 0r the manuf acture o~ tools . This phenornen~ may be ikened to 

ol a~1 n9W win ow g ass; a glazi~r ~ill so~~tines re f' use to cut 

ol~~ 6 1 "'SS ecau,e of i +-s >--ri ttleness . An example of tl")is 

phenomenon in nature iP evide tin the o~sidi2n f aun n pn.rli te 

beds . Often it ls so brittle f roill inter!:al stressen t~qt one 

cannot reno '3 t'""' GL-rface by grir..ding on a lapidar} whee l without 



_,_ 3s-:-'Ilblc polyhe ,..,~l c:u.r...:s itL L l, i,., J .3tarch "r-,,ctu.r"S canse 

i s re:1dily iLr..'cif:.n:_,7...3 .,..ro . .1 +;no,_;c mBn-1::..c :) , eit 1 =-r by pressure 

or .J:.J ..... _,_•c us _; i cm • 

utte 

t11~t i _; .... ~11.no,., 1c A j the ., s..., Until one i s 

l 

ifficult to ch-n~e ~roL t~e 3urn8 c~teri~l t~ t~e r1a.ss Butte 

obsi ian . 

Su 1c ro1:: w:.ich I have obt'.lin--; 0r 
,~ 'J.... 

ex:p3.r i TI':)ntal pur~ os cs are : t 1
1-.:; r...., l 9_'10 of Sacri -fic e n'":ar V8ra 

Cruz , 1-10.x:ic o ; Tcote!1u2.c:;, ,. 7alle~ o-f" I7eYico ; East of l1la6delena., 

utte , 



:;__ ty ' tah ; 

3triLin:, p alfo-rm . It ore C"'r 

o si4.i.'ln. , th; s':oc~~ '.'U'"'I.; • : th D<' " C'l "'P. 9.Yl · t 1G ~orce 

(.' t 11e Das.:: ~ore c trefu y . 

0x:erc\c;-3r1 i11 

i.:::-n 

do tho~e on o•sidian anl a llttl~ orr fo~ce is require to 

I believe p:tc st0ne has a slig1tly different 

Pt , .Jener-'-lly , t 11e 1._ualit ies 

are similar . 

Igni m1:rite 

however , a wel e1 vole nic tuf " an_ orecci~s . 

brecci~ is pro~uce• y ein::; 

ci sc 1aree from volcanos i.n the f 0r m of ash made u of 
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miles ~_,- , unier c3rt....,i-: C'""'lY itionf' , l;,.; .,_:_terea until t1e glass-

li'ce 1 ,.rtir 7 ,.3 .re jnine1 into on0 11')'1l'J2'eneous mas,s . Upon 

clc--;e ex "'rriin'lt i Jn ~ +' .::. f.,,. .. ctured ~ urf,J.ce , ignim'" rite will exhibit 

nuTerous imperf ctions ~or , whdn t~e fl~k3 is betrg 1etache , 

it inte.,,.sect-:; t_,--,3 cru..,11 gr--:i.nul';s of irri;mrities which cre9.te un

equ~ resistunce to t'13 :'-,rce n~ces~ary t0 detac a +'lale , an 

Ignimbrite is 
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