
A basic step ir determinine; ··rnr{in3 techniq_Pes of artifact 

manufacture is qn Jnrjerstandlng of' the proper stone for tool""la1~ing 

and reconcili"'u" the relqtionship o techniqu:;s to m0.terial . {Th "s 

study an~ evalu~tion of m~terials is of prime importance not only 

bearing on methods of manufac t ur-, 
... c 

~ toolmaker in :sbe~-t.nal 

\ Furt11er, a 1Jor1riYJ.g: knowledge o+' tvie stone to be fl11 1·a:l. is essenti-=il 
v 

· or the kni~p8r, &3 a~y vari~tion ir its quality requires~ dif+'erent 

e>:t a,. ~1- c 
rnet'l-io o:' treatment by the wor1~r. No t·•rn nateri 'lls are exactly 

alike a.1d, t 11e"'e""ore, al tho 1gh th0 rnrker's, tec'l-iniques may v3,ry , t'l-ie 

busic principles of manufacture ren'lin constant J (To comprehensively 

project t'l-ic basic relations~ip of interpretn~i0ns of t)e ~ul~ip e 

tee viniq ues of men of t 1~e Stone A.:.,e , AJe rJ"St ac111 ire a more f9_ctual 

un.:ierstar. inc of the physical proI,e r'l?i es of the litl1ic materi9.ls an 

hoTi and v-r11.y t 11ey affect the maru+'acturirig tech,1iques) 

~ What are lithic m~terials? I1enl lithic mqterials 9.re kin 4 s of 

stone that have the necessary properties o +' texture , elasticit ~nd 
cr>w111 -I 

lexibilitY1 relr:ttively fre~ o+' la·•rs , crac1 s and iY1clusions - that 

will •iithstand the proper amoint of shoe~ and force necessary to detach 

a fla 1;::e of' predetermined dim.Jnsion .'©r,fy definition of ithic materials 

exp~rience o~ m3.king stone tools an~ ~l7~v \s based on~ thirty y~ars 
I -., tfu_-

Ot e confus~d vith the mi eralogists ' de "" initio 
~ ~;' /I ,,.,,._, 

which genera ly 

the mi.n~ral ' s u2efulneBs in industry , as 

orna·:'lents , gun "'lirits, etc . i·ri th emphasis p acc"l_ on their nsi.turg ?i 
comb1nat10ns of color , transparency an'1 che'Ilic9.l compos i tlon . ( His ~ 
d 13"iYJ.ition is aime qt pinpointing prop~rti3s useful to todays population °-;-

~ 
a~d mi ne is to clarify what stone is suitable f_ r ~a~ri cating fla ed 
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res11lt of ~nco mterin,_:,; fail 1-1.r3 'hen ·IJ'orl<in r unsui ta½l-2 st 1nJ :-:1.nd of 

succ P • 11 n t11."' ,., .. ,...icq_l roo"'rti "'S al loTP 1 ,,..~"'rlons3 t0 t 119 neces s q ry 

amOLmt o-1" fo,,.c~ ) ~~sc i tion qrr1. expl nqti 'TI will be naie o ~ rh-=it 

~qt .ri l" qre u . 1~ t At ol ~ in 7 "nl 1stry , t r 0 s0l79 ½0 ~ stone is 

to ~oi· 0u so e f 

-1- ') '· ' ..., . 1 t vi t C ,-,11 f' r '."'l1 l ,...lint n p J 

,, unt=or 

0 n'le t 1z :~ 0-P qyri l i ·, "'l'b; C , "' t0 t}L 

a C') "' ~n l, t'y~r. fore , 6ort ion.; )f -1- ..., 
' . • J 

") nt 0f .f' o ce , 

t ')- C"'n 'le rn oved 

ror'l1,1c~ 1- -l'lq_ . ) 'i ;h ~ v;,.... ~h<1rp c•tt·n e . (~ "' t. rt ill nde avor 

to rol > ; 7'. f t i.c V' (""U 

s t;h ,... r! t c 

. l t l, 

t' 1 C 

t 

-
V 

) C n 

t e it 

ve li .ntions 

e , h e 

t 

d s -

qt1rial . Ho=ev~r , t e sin 1~ ~r·st l is v~r- 9,i-"l~lo qtnriql rized 

hy t'~e rri t~r and ., Y)B.r . ,t l t 1e :ien o.f' r~ is t '1r~ ) ( tu rt"' , r- ·int , 

ch.rt , '"'r c; ci. ~ c O'T'1 on 

v r ie ti~s 1se f or nacirry fla<.d tools . {111tca in 1,~ ~~nv f0,,.. s a lso 

lays n i "T'Do r t 0 ,,.., t part in tlrie r10lqc 1"1P-'1t of veg. t3.ble "' 1 org1111 ic 

m'li;.,ri'l. s , t er sults b~ine ossili~· 1 ,on1 , J)Oi. l i 

o t he r s Ltse f ul f or ma ci n stor:e tool s) ( s 111 c _ hqs , for t 

ro rr n1 

been r'lenos ite d b y 11r8.t .r sol uti0n , an'1. t 1is circ "!St...,y,c~ h s iv"'n it 

a ••ri i~ r 9nrre O T~ i n te r molec ulc:tr d i ffus ion fou,,,d il'l vol-is , CA.Vi tiC)s , 

839.'MS , cr-~V"l s e ~ , between p i ec .s O' sto.n ~ an.l sq,nrl , and i n SD C S l eft 
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oJ'ter th" deteri orat i o., o .... cert-"lin 9n1.mnl , V3g(" L ' 1 , -:i ,('I i YI-, .,...<11 

matter (1,1e varieties of siliza 1evi'J.te fro, the siY112"le l 'l. ..,...i:re erys tB l 

Inc1 Ll l, l is '1. su,r-~est d outlit1e of lit; 1ic •nqterlals un ,er their 

( r -Pr ,..tr ex ;.::rier,ce of .:L re 

if 0 -r':'1.ter avi l 

w1ie1 rtl" cts 

or: ~xactin r3~ere'1eo 3r~ ~~,tote M t~ri' 1s from 

7.de )( I'3r .,.. ::> r..," rAnc2 i t 1--.., t'l. --r -Pro A.n 

':lr;reed- Lt o.-m 

acce t~. ile . ) 

nqt ..,ri ' 1 r5i· 

1 i st of s i pli fie l c terrol'.'i .s +-l., -t ro,11 1 "be 
(c.,t.f.~~ .... 

T, o ,..'; ~ 1, f i ¥?f Svr.ono .>Lt.S n rr; . A ., , · • · j 

~ r.,t•'>,;r::. ' . 
il"Pt,J..,ce, ,11,.;~ ~ ,ser h,v r,c; ,,tq or OS"Q c 

0) , l , t ,n , ~'111 i i L 

Y, 

flirt, re~n i,.. re L d' I ~ P,.., • i r ~e '1 ': rri l 
l,tJ'lc,i","<~-~1 

, ...,ti .,..e 

fi..ell o.,,. ad:t.)t )le or•in Min .. r ls, I en,r lly s i, C'~"s 'lit.hie 

L.l'l.teri.als 11 , •'fll11t-J.Lce mat ,ri:-l.ls ' , or si Jly "sj_}o;x" . ~ n tsi.1',.ing 

to qnd co"1 r~•' · notes ',ith ot\.-ir;r flir.t ma'Jo rs , i . e . )r. •1 r-'l.'1cnis 

orn,s , Dr . Jae1u.e<" i'ixi~r , 3,,1 L.r . Gene rit•T11s , ·ell,. t'.,<;se 0-1.s 

interehqncreabl to cover tc1e entire f-i e.:.d r;f li thie "1.:iteria ls . (r 

describtn<?.: sourc es - sucn as 'Frene 1 flint" , 'Grand I-·ressirrny flint" , 

we,n~ 11. ~lint' , "2:no-lish f1int' , ""'lir.triir-e , Ohio P1i.Ylt; , 'Darish 

flint , "Orea-on obsidian , "Ii~ho Ignunbrite" , ~te . This ~lves 

immediate i1entific':ltion of mttJrial an· c o~jurns u~ q quic1 ~ent~l 

uicture of the minerals and t•1e orobler.1s or bonus p10.l i ti es contah10d 
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e1 

, by n 

voe bul -r,y, e ord, sil x 8.~d flLnt 1re s nono "> ~ , i- 1t I 

o'Yl l r i,.. .,.. . f'n renc , p' en s in o"' t ri ,s ~en r 11 'lnr n t 

S <:?Ci. ic 

C nv inerri.l n ., C, for lit 1ic ~t ri 3 ,...<;.;-l_~c C 0'11 S i 1 , rq t i n 

of ... r~, C "lC I . i .,.. ,,.rl ,.. ' 
) ch'"! "ical 

cons ti turin s.) ( 0w~v:!r, t ') t or r, ':,h .., t tr i h1 t" s " V, 

lit-1-' L 
.,,. 1 i ' , r ~ 4- t1 'Jvl") •ic t . ..,.,. of the V 

, iv,... t ri. ) l ') t ~ ,., ~ t • ')Yl ') i n+,,..,, 

a C "',,.'lC t r '• V l r ,., 1 t n +-he J 

1rl t .., C ... ti ~ +- .... "'r· n.l. ( 0t' r 0r C" " -1-11~ V • 

oc 0 >n t r 0"' f' pr, - ~l -1-
~ V 3. rl, 

V t 

of ,., n '3 - y 
,, '3 Y' ""r"' the 

"nrc~ 1 i '.>( ) ~\.rni 1t 1 -, f' t r~ , 
C '1TI-

troll ii 1Jy the iesirec; 0~ t ' c; 0n .., l ,· ,,, t .,. fnrce + '"'rJfore , 

~o not '1, 1 · r c; , bl .... t ~ 11-li r C0 C i " .... C ,,..e • 

qualitv or t,xt11re • . 1.11"' fi ness o, cor.irs oft , ic"'o-c:vystalline 

str ctu e of the :ri8.t8ri 1 Gn ,n it wqs for .,,.,.;i) ill dP.ter"li , ti,-.,., t3xture . 

{on9.l, obsirlia and ip·nnm rit3s "'rJ exceoti 1 • Opal is a silic rrel 

with no rtnpare t cryst~llo rqphy; · ~11 ob"ili~n is volcqnic "lqs 

"'nd i num11ri te a rnlded volcr.mic ash .) ( rhe t~xture o t'1e icro

crys tall inc variet i~s d, ter.min3s , to a e re::> , t. 1e t 1whn ss qy, 

tenacitv of the m<1.terial0 Gl--\e intertwininrf' o~ the T"'icrocry"'t-=illi11e 

st rue t 11re pror:lu.ces a fibrous chqrw ter tvi~t ~es is ts the ri t::1chne11t 



of fla 'ms by either press ,1re or o, -cuss ion) G,. 10 '"Or o osrs , 1 v 
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textur d 

due ti'"\ -1-'11: f' ct .... ~--it the ricro cryst8.ls hg_v9 n.r9as of wc'l.l,n ss between 

the thin f'ln '> c n be 

1 .... 'orn r ,... 1 cm co ""S9 +~ri 1 rill c011.-.nse 

. l n t r t l or. p•n rt xture1 , t,ri~l . CDze'1P-rally 

t' , C ~ e ,ton. t1 tura, t J to a the C)"!" -1 j fie lt it is 

i..f'ficult 

,.. C'l r 1. t:r j. 1 '· ')'" ~1sO , 

c; , nn' i ci ie t cr .... c ,.. .... '11 

1 
. t. -r ,.. . l ,.. r, a 

re l ,-,+ ~C ,S<' rv ro r "S f 

· o l i 'ic 

G Cl ') C 
,,. c,t '~ n ,.. t i ~- ... r~ .f- ,., ("\ ~ -\ (' t r 1 "'r 

.; s 7or 3 le: 'rq C i. l 
T"\ ~ 1 t: ~ 

• +-l , r •-,re 

'1. "). e c; ) ri ent'l.l 'J,... t t e ni r-- '>i ~-. of -1- •erkley , 

mat '"'ri ls f' r our >roj .ct J .,,.e !'r') nv C v-, "' ~OC'l.t· ns, . e • 

Soi t' rn 'i'ra~c<;, l, rt '3rn rqnce, Ir. i'l q_' C I L'or~i ( 2 loc .... i ')nS) , 

oy,r, ·ron '). : Id '1.hO , r-3,res,nti s v.n ~i l-3 ly se nr ti:? 1 ,., '"lll.,,..C s • O 4.ft~r 

a ·ee'" oP orriYJ., ~h'3 T'l't3ri ~,.. V,'r, lost ,"1,ir0ly uta1i39n 9.TI~ the 

r~sultin .. rrav 8"' flakes was conin l,d in one b heq,p . (j__y3+;, any 

sin .,le fln-{ ! had 1 een i Vv'Yl U" - an'l t is ha pene1 - .. ' C()l ~ i '1'Ylt i fy 

its ori in ithout error. C2'1r·1is serv~..., to emphasize th'3 fact th t after 

the tool 'I 1{3r has worked ii -c 11 '). i v~n >nat,ri'll , he -1ill i-,e 9.bl '; to 
; 

~fy its 

U) Jth 0 r :n~ans of identifyi11., ,:;oor li.t'1ic 1-.t~ri'l.1.-. 'lre: t~xtu~e , 

luster , surf'---ic~ ch<1r9ctFJr , cort'3x(0r ir1 ) , color , tr nsn r. cy , sound , 
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r st 

impor~~~t is t1e ~ ,01n~ a~ r~sistance to the nece"'sarr +'1rce equired 

+>or d3tac.1'ncr 'J. "'l l-"' (9 ,, e ,... 1L1 st,.., ic; used. qs 8.. ,o:•1i1e by l::Ai:-
r..-:::..::..:.;...:~..,-.~..;.,,;_,1_~ • .;?~~ 

u force necessary to re ave a 1'1-k0 of 

i 1cns i . 1 l t , u"'" of t ost t ... s<:, 111 9.ttri. b t -~ for det"'rmin-
I -

i bilit:v- . (1), 3 v-iriqti )11S cf luster incl•Yl _ l9.SSV. 'IA.XV , crre<:i s y 

l L. tt, f:(..,t, su ,... fine cryst'J.llj,,.,,.,, , ""erli11 c yst"lll i ne , 

sa rly. ( ~9 refractive inde a (0) 1 v s'"'rv-=- to 

1et ,r · tri. r1 ,r e of fi.ne11,'->w 0r co'lrsenes"' of ·· 1t ri ) 

~ 
I C , ') lit1ic t ,,.. 

(~" t is 

i1e"'t · fi ,, 1- t r01,..,. C' ci.<1.l J.n.., it i ~ r~c, niz - ; S~o-n v>r·· .r . J V 

") 1~ t, 1 Jn ~1100-:; n.,. n t ri L, Lt ,,.. l ., 
J ) :'.J "l eL, ass 

•::I, r l, t 1'; t:X:v G 'l, t l" 

',YWt~Uttf o/t,;,~tz ' 
t _ l 'l L ...... ,7 ....... - ........ _...._.......1,1 ........ ......, f' "' Cl Qf 

r 

i_ 

l , C O 1 0 f' ~ l , 
' 

·t c01 or 
";'(I o.,;,, 

~tl~1 
0f t O 

II tnt-li ,,.c C r () ,.. 

li t to orev t) t _ c,om () t +; i If 

the st0ne ~iv,s off lu.,_l ., )Und, one c 11 Jx > .ct urd t":lct le er c s , 

fiss ,,,..es Io '""Vlr, :.f t· , st S l'P 

0 

9.y t 1en r "'OV _ t st-fla{e , or cloav' t ~ sto,,., to ~ ~i,,.,P it 

furtvi.er . If t 11is svi.o '8 the 9,teri2l t0 · , fr9.., of er stal poc Ats , 

foreiJn eJosits a~l s 10 st~ rt 1t luster , then t~e or·,r nss ~}s 

tl-ie sto11e 1ill lend its: :r well to t o anuf'.1.ct11rinrr o an aTti f'1ct . 

OL1.tc0 '; ·J'i 11 , o" CO'lrS - ' c~d on t e sr1ll oft~- 'O ,. r . 

huntin"" SLl.itable I.'l'lterial in the fi~ld , :i: <'i'1d the 

satisf~ctory 11ethod of testing is to ~rag th1 fingernqil qcrosc, a 

freshly fla~ed surf~ce to denote its qualifications . If tle +'in,...er

nail moves easily a c ross the surface , I can assume the naterial is 



r; ne ly-"'rained . If i , 1n9,1 ~s 11 

!'19.teri~l t0 he ooo•se- ~raine-1 ) 

-.::;/~ ~ le41. ~'1 ~ ~_., ,,,I~ 
w4- ~t= ' l ts .... i ;A-i1 a. _ 

7 

.,..es u . t 1e 

v irlentify , it 

by nin t ,.. r~ c t v~ r~ 0~ t e iniividu l ~tones , t1e t ri 

is not i li r 111 t"l-i 

nrais'"' 1 ill 

''lter- O"Y'n cobbl s le 

0 V r , ~ ·c r')L1i 

e" co bl li tlncti ; 
. ~ 

•i 11 • 1 V t,...;.;.,....--¥,,~~~~ 

ct '"' 
, 

C ')Il'; ._ ( Jo 0 V; -i s - ot ~';rs r; vi.,. 1:-1; ~irc·l r SC Y'S 

j ,r ') C 
~ ; 7 ,... e t 

0 ~ 
. ll i T ..,,, 1- 1 r'l '"' ... b e ' 

....... f -rr O' ( t i'"' is type 

of 9. SC ,...r'11 '"'1 '1.C~ t ' t PO t...,nt i..,, rl,.. t 3r ini e t- .... ri ls 

us fuln9ss to t '.) stone h 8 ,.. ri "r\OSed 

,·-t lo· t . ,.,., t 1 -res , 

0rtiOY>'"' of 

ls act a 1 t'y'9nult i tu 4 e ·o- inisc~nt of che 

sir '1.Ce ') t e "10on - or Ti il<1.r t •h::i.t Te 1-urrhi.vi 1 y c8.ll 11,,.')os~ bumps" . 

Ghe rec'1ssed or conc2ve nrotectc1 ar13qs often r3c iv~ 9. nol ~ s fr0m 
. 

~el ~,rnish•d ritho·t s 1 oc~ a 'li~~t o - a~othcr a~~ 1 Y>Ot hq ~ cnnes 

By types of s•fff~ce l, 01 e is able to i1entl f th,., co· ble tt-i t 

has the '4.esi-rabl~ wnrlri ro- properties . Jtone lac iY> thj_s tvn= of surface 

C '3.'1 ~.ss• 11ed to be o-ranular and unfit or the m9.nur'lct T''1 f c;t ne 

arti n.ct . 
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r L, s a source of material , surface finds are easi~r to s9cure 

than m~terial which must be dug) (rn most areas of this kind , a 

person will find a few brok~n tools :made from this mat:!riq,l. ,;,r m 

the size of t½e brokan tools , the abori~inal stonework9r h~1 uncqnny 

ability in "i~ lng t 1e best anj ~ost colorful quality ~aterial in 

mass iv~ f'orYYJ. . ')( rodq_y , usua ily a de posit of this kin<'! yields only pieces 

under six inch~s in iiameter , and finding a nodule as large as a 

basl{~tball is a rare event as the bubbles in the molten lava must have 

burst or ris~n to the surface be ore the lava solir'lifiP1) ( Occasionally , 

fissures and cracks wil fill tith avate , chalc8dony ~n1 jqspar a~d 

when t1ey W?qther out they ~re in larve tabular pi~c9s id.<3.lly s~ited 

for th~ "!laK:in~ of lari?;e bifacial tools .)(so"l.e of th 0 silicq min9-rals 

deposited in the cracks and. crevasses will forn t'3.bulqr nieces of 

us~ble m~t3ri..al that is ,f ideal thickn~ss for makino; thin kniv9s and 

proj~ctile points , thus elimina~in~ p;rcussion pr,for~in~~ 

Gnet such material i~ available , one may complete the tool by the 

use of pressure alone . f n SO'l\e instances , '<hen this thin Mterial was 

used , th~ entire surface was not removed by the pre~Qure retouch (when 

this happenei , and~ flat portion or the original surface on ~ach side 

of a bifacial implement remain~d , it could be diagnostic in determining 

the source of the mater1a1 . J(dowev"'r, the source of m'3.t9rial is ii ffi cult 

to dete r mine on a y-nishei bifacial '3.rtifact if all of t 1
1~ ori inal sur

fqce is removed) ~hen tho flak,s -iisc ,<rded by th~ worJmqn q r a. of More 

value th~n theu~ir 1s~ed rtifact in determinin~ t ne location SQU-rce of 
\ Som3times , 

the material;' lhe dorsal side of some of the flak~s will shorr the 

natural surf9,ce of the material , and this will , in most c qses , in11icate 

wheth~r it was quarried , secur d from alluvial ~eposits , veins or 

weathered from the surface) 

\rn my search for good mqterial , I look for the purest forms of 

stlica in ~assive ho~ogenous cryptocryst9-llin~ for~ . fort~~ tvne of 

crystallography 1s of utmost importance . I hunt for a flawless tvne of 
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stone , without gr9.in or clevage plane - of adequate size - which has 

the inherent strength to tolerate the application of Presgure or oer

cussi n and yet fracture in any dir,ction to terminate in a shGtrp edge . 

Selection can range from the non-crystalline amorphous op4l to the 

massive quartz crystal . l'he hydro-thermal deposition ann S':ltur8..tion 

of silic'.'l charp;ed waters altered many o-f the normally usuable rocks 

to on~s th9t are now useful for makin~ flaked stone implem~nts . It is , 

indeed , fortun~te that a large nortion of the earth's crust ls m':lde u p 

of the co~bination of the two most olentiful el ments - silicon qnd 

oxy~en , or silicon-dioxi1e . It is the comb·nation of this compound with 

not too co11F1on elements and tx- ce-el ,m3nts that g'3.ve th~ stoneworker 

such a wi e range of material which was adaptable for the nroi1 ction of 

flaked stone implements) 

G few wxamples of this sort of i~pregnation of silic~-c½qrged 

w4ters qL~ the fossilization of bo~~s and swamps, silts an~ sqnds . I t 

is of interest that so~e forns oF silica have an affinity or organic 

mat~~ial - comparable to the chemical reaction, or attraction , of a 

cotton strin~ i~mersed in a saturated solution of salt wat9r . Many 

occurances of flint are known to contain fossils, such as the flint s 

from n~land, Denmark anrl ranee . Also, the concretionqry nodules of 

Southern In-1 i,::i.na and Illinois usually have a bit of organic fossil 

remg_ ins in the center . Sarne of these fossils canse i P""rf~ct ions i n 

the flint tools much to the chagrin of t½e worker~ 

G he silica minerals which I have used in my experiments to reproduce 

prehistoric tools are similar, or the same , as prehistoric stoneworkers . 

Because my hom3 has been in Idaho , I have had to gath r the major portion 

of my exp~ri~9ntal materials from the est with small quantities being 

given and S3nt to me -from other parts of the United States and Abr oa d . 
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This has given me the advantage of li v ing in a sparsely populated 

area where lithic materials we r e fairly abu ndant , but the disadvantage 

of not being able to study enough collections to permit view · n~ and 

comparing q larger array of materials used by the aborig;inals . Dur ing 

the ~any years I roamed the deserts in searc h of material , I al·ays 

found , upon discovering a source of good roc k , that anc ient man had 

been there before me and had quarried out the same~ teri 1 for his 

tools . Further , it always seemed that the massive mat erial he left 

behind I , too , rejected and for the sa~e reasons , i . e . imp~rfections 

in the s tone , flaws , fractures, too ranular, crystal pockets , 0 tc . 

Finding an undisturbed source of good material suitable for tools has 

been a marjor problem since I first started my experiments . rh fi r s t 

materials I used for fabrication were the rejects and cast-of~s of the 

In0ians . rhe disadvanta~e of usin~ cast-offs was the irregularity of 

the flakes and the short supoly . Somehow , I coul1 never see~ to find 

massive material that 1uite ~~tched the flakes an~ C9St-offs of the 

ca'llpground . Because of this , I becaJ11e sus·pici ous of Pale o-m"tn altering 

some of the flint - like materials . From this deduction a~d furth.r 

experimentin~ , I found their secret of altering 

the th , rms.l treatment (Crabtree and Butler) ) 

(But , in the beginning , I only knew that I 

lithic materials by 

was attracted to the ir 

cast - off flakes because of the change in color , the shiny luster and 

t he ease with wh i ch their dis cards worked . Durini:r these y~ars , I 

have v i sited many sourc es of material and quarr y sites r-ind }]9.,re :vet to 

find one that was not previously visited and work2d by ancient an . 

Af ter takino.; wha t was l e ft over , afte r c enturi e s a nd milleni a use by 

prehis t oric man , I n ow have to c ontenct. with trie present - d.a;v hunters 

called 'rockhounds" . ) 



11 

Finding good workable material is most imnortant for'Qertain 

materic,ls will allow the platform to collapse - leavin17, a ,j_ull edge -

-cw-t<t-+o..i.~.->.~-~t hers haven't st1fficient strengtb or ~lexibiltty to permit 
.J'.' tt?., .I> I • " • \ - "'l/ 0,' 

a:k.t a long; thin flake - ~hc1eby c9.using multiple hi..rtp;e 9.nd step-
t-v-"-

fractures . (f) Personally , I cannot do the O typ~ controlled uressure 
'\.-

flaking on coarse-grained materials that I can achieve w-ith finer , more , 
~ , 'r 

closely-~rained stone ~ e few coll,ctions I h0),T~ ,,..,.~ ....... ~ to 
~~-li?.i'-1". lt.,,.,1,,;-> '1,4-1-ut~ ~, 

study , -:f'" h13v-e noted this same ~ ~ ~~'.L ~e t ion,. ·rheref ore , 
~ ti.. ~ -71&, ~ ~~ t«f-' ' 

I ~i,w.*wle it ~ta.f.tt..-..t.Q consider material in our analys is 

of tools , our ex lanation of tvpe, and the study of technology . 

(f) Often I have heard reference ~ing; ~arlerto a l,:irge tl-J.ick i fr-tee , 
.U.) t. ~M ( lh\Ctlf' t 

irregularly surface-flak~d as "crude heavy bi~qce" or "crud8 nercussion 
(,I)\} t( (. •t J I \ ' 

work" ,,/l ~'lhereas, i_-r, re-=ility , the worker W9.S a skilled craftsman l~ ha..,ve ..,. 
t' ._ J.--ul -;-t•• ""t; <Jv(..(, 

pro~uced any type of tool considering the materi 1 he h9.d to wor~ with . 

I have also h3ard this sa~e reference bein~ made to nress re ~nrk on 

poor material whereas the presence of any control at all 1en ted a 

0 skilled craftsman . , A stoneknapper will always relate the quality of 

workmanship to the material,/ a-, .... ,f tlf"'.,; .d"- --r\. .Atte( ,, (IA.e 

a.., <-a t'7....:u ~.) o/1'2 ;I>~ o/ J 

Years a~o when workin~ in the East , I had the unhappy experience 

of seeing the quality of flint based on the quality o~, or~ donP by 

the past stoneworkers - assuming when beat1tiful precision rnrk was 

accomulish~d that the flint was of ~ood auali t y and coulr'l be worked 

like cheese (Fine quality material does work better and produce pre 

cis ion flaking , but this cannot be used as a basis for judginP; the 

quality of flin t, for one may find a goor'l quality mqt~riel poorly 

flaked whi ch is just the result of an unskilled r>Jorkman . This m8.y 

seem to be discordant with m pl~a to relate techniq11~s to mqteri8.l . 

However, this is not the case (J) Poor material sho "i ng skill~r'l and 



controlled surface techni_ques ~ indicateSgood workmans11.i p .QGood 

quality material skillfully worked also denotes ~ood workmanship . 

But we cannot reverse this procedure and assume that any artifrict 

showi.nr>.: controlled work denotes good material for we mu t keep in 

mind th':) human factor of finding good work on ~ood stone and poor 

wor"k: on 001 material; and good v' ork on poor cit one an1 poor worl< on 

poor m9.terial . We must also keep in min1 that there are those who 

do not recognize thermally treated stone and they may be vie1AJin this 

h 0 ated stone and calling it good flint whereas it could actually be 

an inferior stone improved by heat treatment . 0 vhen we do find poor 

12 

merely p~e or~ina good material which was later to receive the r~fined 

techniques. One can relate techniques to material but we 

materi<:1.l to techniriues G. 011 story of the chicken an 

cannot relate 

the eg; 0 
~c rnse of the close rels.tionship between materiAl anrl techniques 

we Must be cq,reful to ju1,q;e chRracter of the material before rve apnratse 

the quality of the work. (iuality of materiq_l plays a ~reat p~rt in 

the resultant uniformity of r'laking , thinness of the artifact , and may 

even have s;ruided the worker in decidino; wh'=ther or not he coulri ct.etach 

uniform flakes ~ith precision , control and re~ul rity , '=ither by pressure 

or percussion) 
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VARIETIES OF LITHIC MATERIALS 

(1) 

CRYSTALLIN~ VARIETIES OF SILICA 

Rock Crystal 
Quartzites 
Sandstones, Conglomerates ,Breccias 
Bull Quartz 
Novaculite 

( (2) 
CRYPTOCRYSTALLINE VARIETIES OF SILICA 

(Si 02) 
2A Chalcedony 

Chalcedonic Rocks 
Agate 

Onyx 

Eye 
Tube 
Fortification 
Torto.ise Shell 
Mocha Stone 
Scenic 
Moss 
Plume 
Iris 
Shadow 
Bamded 

Sard 
Sardonyx 
Ch'.:!rys oprase 
Jasper 
Bloodstone 
Organic Replacements 

Casts 
Wood 
Bog 
Aggae, etc. 

2ff; Flint 
Chert 
Horns tone 
Lydians tone 
Touchstone 

(3) 
NON-CRYSTALLINE VARI~TIZS OF SILICA 

(Silica Gels) Si 02) plus H20 

Opal > 
Opalite" 
Silica Gels 
Opalized Wood 

Bog 
Organic Replacements 

IGNEOUS ROCKS 

Obsidian 
Pitchstone 
Ignimbrite 
Basalt 
Rhyolite 
Andesite 

Felsite 

(4) 

(5) 

SILICEOUS SEDIMENTS 

Welded Permeable Rocks 
Silicified Sediments & Clays 
Siliceous Limestones 

(6) 

METAMORPHOSED ROCK 

Slates 
Fine-grained Porphyrit ic Rocks 

(7) 

EXOTICS 

(8) 

£!:XPERIMENTAL MAT~RIALS 

Glass 
Pore lain 

Ice 
Resin 
Starch 
Anthracite Coal 
Coldtar 
Gilsonite 

Most solid non-fiberous mat,,.,rials 
such as bone, concrete, building stone 
etc . have a semi-conica l frac ture . 
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INDIVIDUAL MINERALS 

Following is a stoneworker• s general classification and descript ion 
of various lithic minerals - according to the above outline - useful , 
in different degrees , to the manufacture of stone tools . 

1 . Crystalline varieties of silica . The crystals detectable 
by eye . 

2 . Cryptocrystalline varieties of silica . Siliceous material 
of the massive homogeneous variety with hidden in1istinguishable 
micro- crystals . 

3. The non- crystalline varieties of sili ca . 

These three groups are , by far , the mos t c ommon us ed by 
both past and present stoneworkers . 

4 . Igneous Rocks. This group is not a part of the quartz 
family , but , when a vailable , played an i mportant part as 
a source of material. 

5. Saliceous sediments. This group played a fairly important 
part as a source of material o 

6 . The fine-grained metamorphic r ocks 

7 o The exotics . Materials of nebulous and unknown classification . 

8 . Experimental materials . Materials used for student 
der10nstrattons . 

CRYS'l'ALLINE VARIETIES OF SILICA 

Quartz Crystal: 

The natural crystal form, easily recoganizable. The use of this 

variety for making tools is very rare. Sources containing crystals 

large enough to make tools of adequate size do not have a •,ride enough 

distribution to play a major part in the source of material . When 

quartz crystal is used in the manufacture of flaked tools, it must 

be treated differently than the cryptocrystalline varieties . Quartz 

crystal is formed in the hexagonal system around a seed 

crystal and , at t i mes , the growth pattern of the crystal may be 

observed in what is called "phantom quartz" . The quality depends on 

the degree of homogenety , the more tightly joined the growth planes , 

the better the material . Some varieties of crystal have~rell

defineQ axis while others , like Brazilian pebble, show little 

or no growth patterns , having the character of glass . Most quartz 
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crystals , however , do have flat planes of O"rowth narallel to the 

sides of' the crystal . In order to produce a good tool o~ quartz 

crystal, it must be oriented with an axis of the cryst':ll - th'1t is - t he 

propos9d artifact must be oar~llel to the flat side of one of tYle s ix 

sides of th~ crystal. ,Jhen this is done , the applied f'orce will move 

the flakes ,..tcross the o;ro,fth patterns thereby permi ttin~ IT'Ore uni form 

flakes to be d8tached with the minimum of steps . If this proc ,1ure 

is followed , the result will be a thin , uniform artifac t . -!hen the 

artifn.ct is made from a cross-section of th,., crystql , t1'i9 r ,s•1ltant 

tool ,. i 11 hqve T'lultiple step fractures ~ct./ th9 ..,.roTrth patterns 

will not allow a lone: fla 1ce to '~e re oved rl[,._J to t 19 int rs ,ct ion of 

so ~qny cleva~e plan~s ~r the gro~th pattern. The rs 1ltin~ ~rtifact 

will ~e t~ic~ and ill-formed and no a~ount of s~ill c'1n ov~rco=e the 
Jl,U&.,:.l'.U er~ 

ohys ¥[a'i- prov,rti3S ct.ue to the rea1rn~ss il1 the crystal plan ~s of 

:e.,oo;rly orier1t,3d '"1.rti f"9_cts . 

Quartzites and Sili.£.ifi d Sandstone: 

From a stoneworl:e·r•s point of view, there are at least tT o tvpes of 

quartzi tes - the meta'llorphosed sandsto11e and the filicL ied sandstone . 

Thev are not readily detected and defined by e~re , but w11en they are 

1orked the difference is evident . They can both be percussion flaked , 

but t 11ere is a marked difference in their workability • / The tyue of 

quartzite that has been cemented by chalcedony joining the ~ranules 

of quartz together (silicifie1 sandstone) allows more control of 

fla<ing th9,n the metamorphosed variety . There is also a difference 

if the mat-rial is formed of angular sand instead of rounderl sand gr a i n s . 

The brecciated silica cemented variety is the most desir~d becaus e 

it will allow long , thin , well-controlled flakes to be rletached whi le 

the material composed of the rounded grains will not have as much 
~IA.J.Ac·C 
fTexibi:I! ty . The brecciated and the rounded varieties resnond read ily 

to heat treamment if the matrix , or cementing medium , is chalcedony 
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or a similar type of cryptocrystalline quart z . The metamorphosed 

type of quartz ite appears to have bee n formed by heat and pressure 

until it is vulcanized into a dense , compact mass with the bonding 

a~ent unidentifiable . This variety has little or no response to the 

thermal treat ent . A laboratory analysis of the different t yp 0 s of 

quartzi tes woL1ld , perhA.ps , reveal much th"1t wou.ld be useful in ro

motinrr a ~etter understanding of t ~is material so us~ful to the ~la ked 

tool in"lustry . Netamorphosed sandstone has t he quality of very coarse 

granulq,r edges which was of much value to the aboriginal . It is mos t 

useful for forming ½onE:' , rroorl and a:vi.tler , but unsatisfactory for 

r,,.,fined tool'!::lal<ing . ~ ~~ues are li"Ilited to percussion . 

andstone and Conglomerates: 

Metamorphosed sandstone has been discussed under the qu.artzites . SoMe 

types of sanrlston~s can be u.seful for "!laking thick , heavy tools when 

the ercuss on :rnet'1oc is u.sed but riost or the m0 terial is not sui t ed 

for presstre fla ing . ~he si~e ~n1 ty e of sanrl grains and t P. type 

of' c.e"1le11tinP- '"l.te.,.,ial nature suppliedfh ,n f'nrTin r tvie snndstf")n:}wi ll 

have a diri=>ct relqtionshin to th quality of tools produced . Since 

saY1~st0ne has so Ir.8.ny variations , it is rlifficult to discuss them all . 

When one is akin~ an ~ppraisal of sanastnne , th. first considerat i on 

i s textJre - or the size and kins of sand - and the joinin~ o~ the 
()N fl4.t f t I 

grains wheth~r by silica or calciu.m carbonate A further a Praisal 

wou.ld be the sonorou.s tone produced by stri kino- the stone with a hammer . 

I f stri king- the mater ial produces a mus ical ring , i t will indic9.te 

good wor'-cing; quality . However , if the stone has a sound- absorbi.ng 

surface , pr oducino- a dull t hud , this will indic tea poor quality 

m9. t erial . 
\; 

The final t est , of course , is to apply the hammerstone . 

The ost wor k'1blP sandstone I have found is the qusrt zite or 

si l icified sandstone f r om Hell Gap , Wyoming . 
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Conglomerates and Breccias : 

Their workability will depend on what materials the breccia.s and 

gravels are composed of and the quality of' their bo.,.., in ao:ent . 

Both must be predominately quartz . If both breccias, grn.vels and 

bonl a~ent h'l.Ve the same degree of homogenety and texture , then 

we have a material that is ideally suiterl for toolmaking . 

BLl.11 4.1. rtz: 

T'1is ty e of silica is t½e oegr19.tite, or vein , variety mrnally f'ound 

in the colors of sno•,r whit , o aque ·::1.nrl is s omet i es colorei by impurit ies . 

}his type of quartz is one of the lea0 t desirable for mqJin~ flqred 

tools , fo~ the f'racture is Ll.nreliable an~ the resultln~ tools are 

usually thick . nd ill-forned. 11 ch s:cill is necessary to m'3. e eiren 

a v~ry er ne irtifqct frorr this mat".;rial . rhe ed~es qre usually dull 

and the surface covered with step-fractL1.res. 

Novac.1.li te: 

I have VJ.ot had sufficie.,..,t sa ,.,ol -:-.s of nmraculi te to describe tYJ.is 

m-=tterial or fully appraise its properti s . However , f'ro1'1 r.iy limited 

experience with this stone , I find it indistinguishable from rr 0 ny 

other nqterials used by the abori~inals . The camples I have e 

from r'~qnsas , but they may not be repres ,ntati ve of th 0 site . l'hey 

are fairly coarse-textured , beinl'! composed of micro""r nular quartz , 

and would fall in the category of a-ood quality salicified sandstone . 

W. H. rlol•es( lletin 60 , 191] , page 196-200) describes novaculite as 

bein~ the same as cherts and chalcedonies and with some havin~ color . 

At present , I cannot attest to the workability oft is m~terial as 

my samples are not of sL1.fficient size to permit me to determine the 

flalcing qualities . Since the word "nova culi te" is used and accepted , 

I make bare mention of it here until a fL1.rther study can be made to 

determine if it has qualities that will distinguish it fron ot•er 
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mat~rials . 
CRYPTOCRYSTALLINE VARIETIES OF SILICA 
Cha lee 1 on y: 

Chalcedony is probably the purest form of the cryntocrysta.lline 

silicA. . In its pure form , it is transp~rent or semi- tr13,nslucent -

resem l paraf "in wax . rrac~s of forei 11. na.t3rial and nineral 

salts .c:ty cquse it to have tints of uhi te-r;reyish , nA..le 1"'ro11rn , , ;: , ~ 
i~ l,(-1,;o o- 4 

bro n , or black . rhe tendon color is the nost com.mo!¼ o · 

1 ani someti~es it is even a ~elicate blue 

or purple . It is also found in oth,r s½ades and t½~s, are ~iven 

otner na.ri3s . Agate is a variegate1 chalcedony wi tl-) the colors 

~rranred in delicate concentric b~ ~, fre ently alt9r ~ting with 

laysrs of opal. ~h se ban~s often follow the irregul~r 01tline of the 

cavity i which the s:lica was de~osited . This appli~ to bl3,ni~d , 

forti"""c ti ,n , ribbon nd oth,r p ,t.; rns found in arr +-e . o"' of the 

varl,vi of a ate r-e ev, t;.1. e, tortoi'le sh,ll, 111ocha st0m~ , ,cenic , 

moss , plu 1e I iris I shadow , etc. l'he v .;r :popular hobbyists c lled 

~ny sub-titlJs and 2ny "ites" to ii,nt:fy the 

vario1ts fo-r s of' a nte ,..,-rd chalcedony and , I mi ,ht add , that they 

are surnrisin1ly well-informed on the sources or these ~in~r ls 

both foreign and domestic . If the stripes and lay9rs of chalcedony 

are horizontal , it is then called onyx . Chrysoprase is a ~reen 

chalcedony . C-:1rnelian is the orange-red variety , or hat mi~ht be 

called a "rust' color. Sa.rd is the brownish red , sardonyx is the 

same as sard , but has the alternating white bands . 

Chalcedony is found in many and varied textur~s which relate to the 

finen8ss or coar eness of crystallization . The tvp3 with the fines t 

micro-crystal structure has a 1axy luster and , aft~r h,a.tin , the 

luster is almost glassy • .t'ossibly tl-iis variety contains more mois ture 

for , when it is heat-treqte'l , it requires more til'!le ann C9.re n11ring 

the h9ating and cooling off period . It has a ten iancy to cra ze and 

crack easier than t he coarser textured varieties . Of all the mat. rials 



19 

I have worked , this t ype of chalcedony has a ll the at tributes 

des irable for stone lalcing , part i cul arly prec i s ion pres~ur e f la cing . 

After heat - tre'3.t'1lent , this variety is often conf'userl Tri th opal by 

t hose w1O have never atteaoted st one pressure flakin~ . The b~nded 

var·e~i · of chalcedonv qre not as desirabl9 b~cau~e o t~e c~nn ~s 

oft ture between t~~ bands and layers . Ch'3.lc dony is the nri~ary 

mat rial or constituant in the foraation of all the c ryptocrvstall ine 

au rt +' rli 1 y roe rn . lhE:n tli~ s f' orm of silica infiltrat ,s , ri 11s 

voids , bl ends , infuses , is abs orbe'l a11d c OJ1'l."bin-;d r; th oth'3r 11iner!C1ls 

anl their sqlts - there results the wide rano:;e of silicious m-:it r ials 

usef l -"'0r ~q i 1" fl3.'~ed tools and artif'acts . 

rgill"ceous 

S')di 1v 1t"' o..,. r ,..idual clqys qi-th a simultin'""ous "b'"'orption or 

i nfiltrn.tion of the two . Frequently t e clays will shrin"k: a11l leave 

er c 1
, nich ill rill T1it 11 c1.1.lcedony , ~ivi 1 ~ th~ nat"'riql t1e 

appeara"lce of be°Lno- -rractu,,.ed . But , actually , t 11e cracks are ell

heal:;d •i th the chalcedony and a homogenous m=3.,ss is created . Tl1is t ype 

of j~sper is~ ~oo1 lithic m'lt~rial and the ch~lcedony- fill"1 er cks 

only di to the beauty of the artifact and do not 1l1'lnede the 

workability of t~e stone . J sper th~t is ryre~n in color wi th red 

incl usions or spots is normally thought of' , and referred to as b loods tone . 

Green jasp3r i s opaque while chrysoprase is seni-translucent . 

ActtY'lly , green jasp8r i s only an impure forr1 of chrysonras 0 • J sper 

may occur i n var i ous c ol ors , the i ron salts i n their cUfferent 

v lencns produ c green , red and yellol m~te r ial nd , occasionally , 

all ~ represented in the same a plc . It rnulrl. ee· thr1.t the 

opaque or 1mpur 8 chal cedony shoul d be c lassed as a jasp~ r r egardl ess 

of color . The worka bili ty of j asper i s the same as chalcedony - b ot h 

basinz t he ir degr .... e of wor1rnbili ty on the amount of lmnur i t ies and 
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the quality of texture . Mos t varieties of jasper can be successfully 

altered by ·the thermal treatment . I have found only two exceptions : 

one ia a coarse-grained greenish type of silicified clay from Tunisia 

which was ~iven to ~e by Dr . Jacqu3s Tixier . By eye , this varved 

matert~l apoeared to be no different than other similar typ8s of this 

type of st0ne , y_t , when subjected to heat , there was no app-=:tr_nt 

cviqn .,.e in the texture or the workability of the stone . Yet we ""ind 

that the early people of Tunisia altered and workJd this material 

verv successfully . Another unalterable exa:inle is an I1n.ho mB-t 0 rial 

called II Bruneau Jas oer" frorr:. t 1e rhyoli te -=:tt the bottom o"" Bruneau 

Canyon in Jouthern Idaho . This jasper is much desired ~s a ~e~stone 

bee :1.use of its very -distinctive patterns a-d Tms also us 0 1 by 

abori~ion~l mpn in that area. ~arly man was able to alt,r t~is stone , 

bu.t , so far , I h tve had no success with the thermal treat ent o"' this 

mat3rial . Y3rh ps , with further ex~erinents ani an analvsis o the 

comnon~nts, r~ ro.A.y deter'Tline the differences between varieti8s of 

jaso1r . It is ao >arent that past stoneworkers had a gr,qt~r un1er

stani•n~ or ·1hqt constituted lithic m-=:ttnriqls and the lon"Ar I attempt 

to incre se my knowled e of the lithic materialP , the more 9S "'ct I 

have for anci nt TTian . 

Or~anic tlenlace ents: 

Or~-=:tnic replacements are ordinarily compos-d of members of the 

cryptocrystalline silica fa11ily and have been much utilized for 

macing flaked tool implements . Here , again , chalcedony plg_ys the 

most important part as a replacement agent . In previous para~raphs , 

the variations of chalcedony are described . Chalcedony is , by far , 

the ~ost common ~aterial deposited in voids left by the decompositi on 

of or~anic substances and t he dissolving of certain min~rals . Casts 

are the total replacement of the original , without indicatin~ the 

internal structure , and they will show the ext9rnal forT'l only . 
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Replacements may preserve some of t he internal structu-r1=> . One of 

t he most common replacements is w- ood but there are :1.ny others 

s uch '1S p,3,lm roots , aquatic plants , alri;e , boa- material , shell and 

bone . These materials are usually quite dist,nctiv~ because of the 

di ffere11t sp1"ci~s re Presented ani can usually be identifi~d by 

trqcin~ tneir sou~cGc . When wood cq~ts , replaced by ch'llc~donv , re 

found in sediment':1ry rocks they app"'ar to have finer micro-cryst'lls 
f 

tvi,.,n t 1os2 similarly replaced but fo.1nd in lavas . 'rhis causJs e to 

won1er if the sediments in wvi.ich the wood is f ocmd m9.y Pl~y 

in d.etermining the crystallization t'1at ta'c~s place . 

Part 

Flint-like I~terials : 

Flint h~s q wide range of ror"ls , textures , colors, "l~ occ1lr nc s 

e.nd th:;re are t'10se who usually consirl.er any rnrc , to1wh stone to be 

flint and gen'3rally -tJ.t'-f?,r-6~ o~t n.rroi,h-;,..r1r/(.'(;/;;;:; :v:,e ,,-r f1 int . It 

~pp~ars th"t t~Are ryre three prenominant for~s of fli~t - th~ chqlk 

fli~ts, tvi.e linest □n~ flints , and t 1 e li~hter-colored forns , C",led 
• f;cvkf. 

chert. It se s to be q_ comm.on pr9.cticP."not to nr.rer "'.:.tii:tte b trnen 

the silic<1 fornJ b--1.t to 5roup all cryptocryst~lli.YJ.e ror:1s of silica 
✓ 

und~r the one nar1e of - 'silex' . For example , the toolma'ker is commonly 

c lled a 'flintknapper" . for reaearch and readlng cl~rificqtion , it 

would appear there is a neei to distinguish between the m"ny varieties 

of this "!lateri 1 to.. fu~r cl-a-rify and ref}resent tr e inherent-qu-ali ties -- - - -

of eacri sour-oe . This ·rnuld better establish a relationship between 

the workability ani char~cter of a parti cular flint , swell as its 

geographic istribution . Th~re are many paradoxical differences in 

fli nt th2t are not entirely understood even by the flintwor k....,r . 

Outwardly , or by visual inspectiJJ.1 , on&-flint may app~Rr to be o+' the 

ex ct nature of th~t from a different site - yet , when subjected to 

the p3rcussion met hod of detaching flakes , it does not respond well , 

while for pressure work it will resoond admirably . o cite an 
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example : Re cent c orres pondence wi th Dr . Francoi s Bord~s i nformed 

rie that he had re c eived a suppl y of flint fro1n Sweden . To quote 

Dr . ordGs , "'rhi is beautiful flint to make blades , wor'rn also 

fine by pr.essurE: - untreated - but i t is very difficult to 1'l'ork by 

percJ sion . A most paradoxical fl i nt ! ' He did not in~i cate i 

this aterial was freshly mined or surf~ce , but he did say t½ the 

~as oi~~ to subject t~is flint to the the r mal t r eat ~ent ands .e 

what r3s1lts he would get after t he heating . 

To date , I c~n ftnd li~tle or no a~reement a~nn~ the prominent 

students of miner~logy on t~e differences or simulariti~s o~ c1ert . 
, /.J I/ c /A--c.. 7., (<..(_ t: 7 l,J -/•LC ,tl.j I' 

T ere aopears to be rnucht-disagreel:!1ent'l'--tn-definition - sn e ..:i:f'ine 

chert q~ an i~oure flint , while others 1aintain t~lt fli~t is an 

impur: c11ert . (3ir . Ch9.S Lydell , :? . B. :i:,oomis , ~ oH. Kraus , .! . _" . ,unt , 

Sir .rchibald Geike , '1.ni any others) Others argJe th"t chert qnd 

flint are t1e same . (A . P . Brigham , "rextbook of Geolo~y" , 1901 , 

page 1')4) A ,'1.ir. , there Stre t'.ose who beli ove th:l.t crert is pre -

Cam rian ~~d flin~ is after t½e ti1e of c~~lk forn ti~n . 

as a criterion the different de~rees of tr~nsJqrency or tra1slucency 

to deter ·:n i1'1ic"l is flint and ·J11ic:1 is chert . OtrC;rs U"e f'0r as 

a standard - aintainiYJ.g th"t· fli'1t for:1s in nodul'")c, 8.l'l ~ ch"!rt in 

sea~s or blank.t veins . OMe b'1.se their decision on c olor - de c l8ring 

the d~rk c olor~d material to be flint and the li~ht colored t be 

c h::.rt . ~ven a 1nong stone orl:::er there is d i sagree ment , thei r crit erion 

beinc t ~e workability - declaring f l int wi l l work bette r t han chert , 

whnn , ~ctually , it only reor~sents a degree of quali ty . The hono~enity 

a nd texture of b oth f lint and chert make them indis t in~uishable a nd 

t here is both good and poor flint and good and poor chert . It is 

t he degre e of texture of flint o cher t t hat de t e r ~ines the auali ty , 

workability a nd s har pness of the r emoved f l alce s . 
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There has been much wri tten a bout the behavior of f resh l y mined 

f l i nt - somet i mes called s r een fli nt , dehydrat ed f l i n+; anrl hydrous 

flin • It is common knowledge that when luml'.1S or flint crintaininp; 

water ~re ex~osed bo t~e ele~ents they will be in no ·~v as workable 

as fre'""r..ly nined r1asses re oved fro.'11 below the +>rost leve l. ~_, 

continuJd ex~osur~ to sun and frost will nat~rally crA~te expansion 

an1 contrg,ct i on and• ill , ultimate ly , fo r m cracks , pl an9s of wJ9.'m9s s 

and i .b,rnal stresses that are undete c table until one attempts to 

make a +'lsi.'wd tool . However , the s'llalL~r the pieces , thri :,re t ~r 

their ability to 8tand rapii ch~n~eP of temPer~ture . I fin1 that t he 

flak.s lctached by ancient man qre as easily ··or~9d by ryr~('Qure as the 

newly rr:i..n"'d mqteri9..l . Ho reva_,_ , ~ 1is factor mqy 7.e pertinPnt t0 only 

certq,in typ 'S of fli '1t and rmch mterin.l st i 11 re 11a i 11s to 1.:le t s +-ed o 

It is true bhat tne ~ore coq,rsely-textured flints ·till allo ~ore 

xpanr::io::1 and co1+;rq,cti'"lvi tha.'1 t11e ~oyc fincly- te:et11r~cl flin+-(' . For 

exa mple : I hB.ve had a piece of Grand Pressigny flint w11ich as 

coll ,ct l in 19'37 Dy D ... . H. C. 3h trone an.q ·i __ ,n tom~ in 1940 

which I r ,cently made into blades and artif cts . I lrv0 h9.d t i..s 

mat ,riri.l stored for th_se many y3ars in an unheated build in.,. '1.11'1 

yet , ~ tJr 28 yaars of storage , it was still flawl1ss . 1,cently , 

Jr . Bord3s and Dr . r i xier sent me some fresh m,tcrial fr0~ this 

s ame locality and compar i son reveals no d i fferences in workabi lity 

or charact er i n the fresh samples and the She t rone flint rh i ch was 

stor9d for some 28 years . I do not lmow hoN" long i t tak9s t o 

de hyQrate fl int but I thi nk that my stored fl i nt i ncl i cates that 

dehydrati on i s long , slow process . 

An additional test of the merits of hydrated or nehydrated flint is 

brou~ht out i n the a lterat ion of flint by t he t he r ~al proce~s (Crabtree 

and But l er , 1964) I heat t he fli nt to 4 50 degr ees F . f or at.~ l e"ls t 

twenty- four hours . After t hat lengt h of time the flint should have 



24 

been dehydr~ted . The nurpose of heating the flint is not to r 0 ~ove 
~J t-t" 17.. 

the moisture , but to aneal the stone by ch 0 nging its crystalle:i;:M;~;y- , 

ma1:L the flint "lore ·rnr }.able and producine a sharper ed e on tools . 

After flint has been slowly hated and cooled , it h~s a Much ~lqssier 

text·-e hich increases the ease of fla:ing ability wheth r by pressure 

or p rcu"sion . On the other hand , freshly mined atursi.ted flinb ·•ould 

have additional strength because the water filled voids between the 

micro-crystals would then transmit the force from one micro- crystal 

to the next and , a.-~--the _same t-'3:-me , prevent compression of th~ flint , 

thus d. "'l. 3ninrr the :fi'orce . Less force ·tould then be reauire to c etach 

a fL-1 e in freshly mined flint than in untreate1 , r'l.ehydrate flint . 

This n culiqrit r is nore noticeable when on~ is d tqchi~- bl d s Prom 

a core by .rcuss ion . 

Hi~h oistu e content app~ars vO r.duce the brittlensss a~d a the 

bl~d s sli htly more flexible. Personal convers ti on and corres~ondence 

with Dr. Jor en L.Pli aari oP the N4ti onal Iuseum in CopenhaP;en revealed 

sone of t ,e mropean t11inking on freshly mined .,.,lint . r1eldg;aar<i h3.s 

work very closely· ith mdres Kreish , a skilled flintw~r· r Pr~~ 

Jutl'lnd and , too-eth":!r , they wrote the book 'and Og ?lint' reciting 

their .xperi nces and idests on th8 stonekn:1.p..--in.,. techniq•:i.e of Denmar k . 

They conrlucte1 some tests ,;ri th Danish flint -under controlled laborq tory 

conditions to deter1ine the absorption of water by flint . The~e 

experim.nts proved the a1ount of rater flint will absorb is con-

sider ble and Mr . Kreigh was of the opinion that freshly in~d flint 

was r,o.,.,e de irable nd per itted more control than the surf'ace vari e ty . 

To furth~r illustrate the different varieti~s of flint : In one of our 

experiments at the University of Calif ornia at Berkeley p ~rancois Bordes 

and the write r received so.:ne Harrison County Indiana flint ,iven to us 

by Dr . Raymond s . fuby of the Ohio 0 tate Museum . This material 11.ad 
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weathered out of limeston~ and was marked with rust strea7rn s a 

result; of being hit by plow and field tools in the fr-trm t llin~ . 

Y9t , ordes and I agree th.,.t it was one o the b~st flints in its 

natur"'l st,::ite that we viad ever worked, responding well to eith~r 

1J could see no reason to alter t~is 

t~ri t b usin, t1e th3r 1 tre t ~nt . This flint ust h o~ con

si1.r'lble a e , sit had apparently laid on the sur"'ace since it 

we t:~r j_ from th, limestone of the ri.rea . TYJ.is would, therefo e, 
/HE~ ,-.(,.A.. .( l~ ~ 

se I:;') subst"l.ntiate my theory thqt one must coYisilel:1'08.ch in'ividual 

materi 1.l sep rntely rath ~r than jud e 1 ts ror1·mbili ty accord tw to 

whet. r it is fr,shly mined or surf ce - dehydraterl o.,. h drated . 

T.~ ~ ny locations of flint and oth r mat ri"l.1s each ~9.Q its own 

ch ,..'let r . 

T~os, , o hav • 0r d flint :11 ~ re tnat, in most C"l.~~s , just 

und~r t 1e cort9X t~e flint is of a finer texturA and is easi8~ to 

or ( t i ·, r at r c )ntrol ay be exercised in re o, · ~lakes 

o~ q QA ·lr d "'~d ~1 ren ~im ~sio 1 h,n one an raises t e fn- ,tin 

of no t1' r flirt , h8 .. ill obs rve tlnt t'-le cort x is t, 1 
, s rf' ce of 

th0 no ... le . If th~ cortex is insufficier::tly ine"Y'a1 iz 1, o.,.. rtly 

impr,. 31 by the silica for of c'1alc,,dony , nrl is not a dehy rate 
ti.., Le ' U-(_ 

flint , , will be a combination of th silica and li1estone , or silica 

and chalk . This will depend on the sediment in which the concret i onary 

nodul~s of flint ware formed lhen a flint nodul3 is ~or~9d in a 

bed of limestone or chalk , the center will usually contain a fragmen t 

of fossil orga:ric 'Ilaterial . Around this organic matter . 'Ilicro

cryst~ls of silica have formed concentrically i~ the s ilica charged 

waters continued to p~rmiate th 0 ci.eposi t f chqll{ or limest ne . 

The growth of a pearl in a shellfish by the epositinP- of nacreous 

material on a piece of irrit tin5 substanc~s is a suitable a~alo3y . 
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However , the development and growth of a nodule of f l int has no 

divisions between the layers of silic ious material if it is of l:!'OOd 

qualit, . Often one may notice a chan~e of color in t~e c~ncentri c 

deposits resultin~ from different a~ounts of absorbed min3ral ~alts , 

or a ; "'f' rent min"ral tal~e:r! into solution by th"3 s i lica charged 

wnt3rs . when sev8ral nodules are formin~ close to one anoth~r they 

m y join . .Lhe joining of several will resul t i n some int'9resti ng 

contortions that resemble some of our modern art forMs an1 sculnt1 es . 

The continued growth and joining of nodules can , ultim tely , ma ea 

led~e or blanket vein of "'lint . 

hen e,rn.-..ri>ne'V'tins:r with 8.D'"l examinin.cr the crypt oc ryst , l i. r, s i lic"l 

:rn.at~ri ls , I h'1.Ve not1.c-Jd , on occasion , th t the corcex ~ s I" e u of 

comm.on opal and un1er the common opal there is a ch .... nP-:e "'ro the non

cryst 1llin9 t0 the "icro- crystalline ~n betwe3n th~s. t·•o t~.~e is a 

co'llbin"lti m of both . rhe t xturc of this portion o-r a nol 1le is 

se'ni - .L..-.c ·y i th a r sv finish r1uc11. prizecl ".Jy t11.e stone ork r . 

Good uality flint has mo~t o~ the attribut~s n cess~ry for the 

m kin o most fla1rnd tool implenents . The frac ture of flint 

produces fla~ces with a sharp ed'se . .rhis mate r i al has the quality of 

t oughness , p~rmits one to create a platform that Jill withstand the 

necessary pres""ure or percussion force without c ollapsin , thereby 

p .rmi ttin a wide thin flalrn to be detached ui th out br9al•i ng off s hort 

whi ch causes s t ep- frac tures . lint has a resistance to "end shoc k" . 
CL 

Th~t •~ , rhen the blades are re o~ed fro ffi& c -e , the s~ock n t he 

proximal end of the f lake will be transmitted to the nist~l end of 

the flq,1· , causing a rebound of the nass , resulting in a brok~1 4•• 

.., bl rie . This I think of a~ elas t j_city . 

The r e is considerable var i a t i on in the texture of' f lint/and the 
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finer-textured varieties are the most desirable for flakinc.: . The 

coarser-textured flints do not produce flalces with as sharn an edge 

as do the finer- textured flints . The edge of the flake can be only 

as sharp as the degree of micro-crystal size . For example : a non

cryst~lline material , such as obsidian and opal , when cle ved or a 

fla G r31oved , will break to the last molicule or to a theoritical 

infinity; while flint will break to the last micro-crystal , oro1ucing 

an edge Tith a dimuni tive saw effect . A flesh wound made by the sharp 

ed--=e of flint is slow to heal , as its coarse edse bruises anr'l destroys 

the tiosu9 cells , while obsidian and opal sever the cells and a rapid 

healin~ cqn be expected . Generally , the flint cut will h~al leaving 

a sc·:i.r - while opal and obsidian cuts will h8al more rapidly and leave 

no scar. 

In reviewing the mqny dictionaries, encyclopedi~s and public 0 tions 

with re~ard to naterials , I find little or no informqtion pertaining 

to qualities of flint . rhe best definition is probably thr:i.t found 

in Dana 1 s "Quartz Fa"llily l-1in3rals' (1963) 'Flint is nearly opaque with 

a dull luster and usu8.lly grey , smoky-brown , or brownish black . I'he 

exterior is often white fro::n a mixture of limestone or cJ.-iallr in 1,rhich 

i t was originally imbedded . It breaks with a conchoidal fracture , 

yieldin• a sharp cutting edge , and hence was easily chipped into 

arrowh-ads and hatchets . " . Dana also separates flint from chert by 

stating th'3t chert is lighter in color than flint anrl that flint is 

in isolated nodules while chert is in beds . When t he toolmaker remoyes 

all of the cortex and the color has been l8ached a n bleached by 

exposure and , possibly patinated , a problem has been created making 

it difficult to distinguish the difference between flint and chert . 

The material identification of a finished artifac t is , inde~d, a nmch 

more difficult problem than t he identification of material ~tits so~rce . 

It would appear that for the purpose of identification of lithic materia l s 
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that limestone flint , cha.lk flint , chert , hornstone lydi8.n stone 

and silex can be grouped as a unit for their qualities are rimarily 

the same , yet , when the desire is to give a pin- point description 

of si, cert 'in flint , a :rr1ore defini tive des cript i on should be iven l> 

For pur9os~s of identification , present- day mi neralogical terms should 

be used if their meaning is not syno,t,nomous and t he mineral con-

sti tuants Stre dissimilar . A brea1{down of the inrH vi dual flints that 

have individual characteristics could be useful in det~rmining their 

aborieinal source and the trade and Mi~rqtional routes . 

It m3.y be well to combine chalceddnic rocks and flint in one main 

group - a flints are impure chalcedoni~s . They are both of the 

massive homogeneous cryptocrystalline varieti3s of quartz . 

It has been known that under certain conditions certain forrns of 

flint ill natin°.te :nore readily than otf'lers . By exami_nation of' the 

mat rials in the forrrration of flints, one may be able to identify a 

difference in the unstable elements contained in one thqt is lacking 
H2.c:_03 

in the otht.ir. The amount of CO2 - or c.arbonic acid - in association 

with work,d flakes or tools could also have a direct bearing on the 
'tr V-'~ ~~ 

rate :hn which the patina may be formed or the denth to which the 

patina will penetrate . One will note th~t the Lindenmeier Folsom 

material has little or no patination while worlced surface material 

from other sites , of no apparent great age , is well patin8ted . Unti l 

a more exhaustive study is done on materials , no c onclusions may be 

dr~wn , but this may prove a need for fur t her experiments . 

Opal - Non -cr ystalline amorph ou s s ilica 

Group number three is the n on-crystalline varieties of silica . It is 

in this group t hat we have preci ous opal , c ommon opal , opal i te , diatomite 

and the various other repl aceme nts of organic mat e rials . The chemic a l 

element s are a combinat i on of sili con d ioxide and wate r i n ~ 
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amounts . Opal has a higher water c ont ent than t h J er t ocr ysta lline 

varieties of quart z . Opal ha s a hardness of between f i ve a nd six on 

the Mohs s cale of hardness and can usually be scratched wtth a knife . 

It is one of the few mine rals t hat i s non-crysta lline and amorphous 

a nd is found fre quent ly in b try i d l or sta l a ct itic masses or as a 

replacement of wood or ot her organi c mat erial . It v ries widely in 

color and a ppearance and has a resinous or waxy luster . The color of 

opa l may be white , yellow, br own , r ed , gr ee n , blue , grey , black or 

any combi nation of t he s e c olor s. Opal is t he mos t br i t tle of all the 

ilica minerals .,.'thin edges of opal ca n ca s ll be flaked by the p;ressu e 

of t he fingernail . Opal wi t h a rich d" splay of colors is considered 

a precious gemstone but , because of its rarety , played little or n o 

pa rt in t he toolmaking indus t r y . I t is saf e t o s ay , t hen , t hat when 

one sees an artifa ct made of t his fire-qua lity variety that it may 

be considered as pseud o . 

Many t ypes of opal are easily i dentifiable due t o t heir different 

physical pr op.e rties and chemi cal con° i t uents . Some of t he var ieties 

a re : preci ous opal - t 1at sho,ring a brilliant display of blazing 

colors ; giras ol - t r anslucent e.:nd ol ueish- whi t ; common opal and semi

opal - tha t ha vi ng many colors but without t he fire - like reflections ; 

cacholong - tha t which .':.s o_ aque and porcelain white ; opal- agate -

opal of different c olor,i shades , sometimes banded ; jaspopal - opaque 

because of t he iron salt s a nd other i npurit i es ; wood opal - opal silica 

replacing the substance and str ucture of wood ; hyalite - a very pure 

form 0f opal a ssociated with volcanic rocks a nd occuring i n glass-like 

concretions; fiorite - silic ious sinter ; tripolite - c onsist ing of 

silici ous s keletons of d i a tomes o 

Opa l is not a pa rticularl y satisfa ctory materi a l for making lar ge 

flaked stone implement s o Because of its i ghwat .r c ont nt , it 1s --a-
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v:e.cy_llAstab-le Ptone ""\.and r api d t empera t ure changes a nd exposure will 

result in de hydrati on , caus ing t he ma teria l to crack and cra ze. The 

sur face, upon drying , will resemble a piece of glass t hat has been 

ea ted and suddenly chilled , caus i ng a multitude of 11 ttle .inter 

s ecting incipient fissure ... and crac s , y~t the piece will retain its 

for m. However, upon tapping wi t h a hammerstone , t he opal will sound 

ollow or res pond with a dul t ud ·tJefo e it d isimtegrates . This 

c har acte r is distinctive only to opal and could well be used a s a 

diagnostic feature in determining pal from chalcedony . This cra z ing 

and cra cking makes surface pal almost i rariably us eless for flaking . 

Howe ver , opal freshly dug f rom below t :12 f ros t line may be worked i nto 

small a rtifacts, if the work is d one before t he s tone ha s a chance 

to dehydrate . 

Opal is often conf us ed wi th hea t treat ed cryptocrystalline varieties 

of quartz be caus e t he l uste r of t he t hermal- treat ed material very 

closely res emble s tha t of opal . After t he thermal t r ea t ment , crypto

crystalline varie t i e s d o res eillble opa· , but t heir hardness remains the 

same . Opal , of cours e , i. s a s ofte r s tone and a hardness test i s one 

means of determi i ng which is heat-tea t ed mat eria l and whi ch is opa l~ 

ause of its non-crystalline structure - a quality whi c h opal and 

obsid i an have in common - opa l brea ks to a very s harp edge . It is this 

quality tha t allows a flake to te r minate to t he las t molecule t hereby 

producing an edge with greate r s ha r pness t han t ha t of any me t a l raz or 

or any other vari e t y of quartz. :Because of this edge, a f l ake of opal 

can be very useful as a knife but , due to its brittleness , it must be 

handled with a delicate touch . Obsidian is much more desira ble as a 

li t hic mat e ri a l because it is not as fragile as opal . I n spite of its 

brittleness . opal is t he mos t easil faked of all materia ls - permitting 

ve ry long minute flakes to be de t a ched with a m ni mum of force . Its 

quality of elast.icity allows the worker to guide and be nd t he f lakes 
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with less ~ffor t t han is exerted on most other mate r ials . I t is 

unf or t unate tha t opal has t he tendancy to craze upon dehydrat ion , f or 

this limi t s t he size of the a rt i f a c t t ha t can be pr oduced f r om this 

ma terial •. 

Art ifacts made from opa l are s c~r ce and when one i f found with the 

l us ter of opal it is more like ly to be of a heat-t r eated crypto

cr ystalline var iety of qua r t z rather t ha n opal - or t he n on- crystallin 

type of silica . \To a void confusion when dete rmining t he ki nd of mater1a!,, 

one can r esort t o a f ew simple tests t o d i ffe r ent i a te be t ween opa l and 

t he hea t ed cryptocrys t a lli ne mat erials of quartz . First : opal can be 

s crat ched hy a h-nife . Se c ond : opa l l s muc h l i ghter by weight or one 

can c ompare t he specifi c gravi t • TlTl r d : opa l is unli ke cr ypto

crystalli:ne quartz in tha t j_ t is -soluable i n a lkalies . For i ns tance , 

one of t he onyx va rie t ies of c halcedony , or banded a gate , may be 

i mmersed in an a l kal ine s olut ion and t he layers c ont a i n i ng opal wi ll 

be attacted a nd dis s olved , leaving the l ayers of chalcedony unaff ected . 

Common opa l and semi-opal are the only vari e t ies of opal that are 

use f ul for maki ng flaked tools . The othe r varie ties listed above 

a r e of l itt le or no i mportance to t he lithic indus tries .)(Howeve r , 

there appears t o be a ne-3d f or f urther r esearch on tho c ombinations 

of c r ystalline and non- orysta lline varieties of ~»~rtx s ili ca . I have , 

on oc ca sion , f ound material s tha t appea r to be c ombinati ons of jasper 

a nd opal and ot he rs a c. ombi nation of t he va r ieties of cha lced ony a nd 

opal . Thes e combi nati ons a r e well s uited f or t oolmaki ng s ince t he y 

l a ck t he h i gh wat e r c ont ent and , ther e f or e , do not r ead i l y cra ze or 

c r a ck and a re not as br ittle as t he ur er f or ms of opa l o 

I t is not unc ommon for opa l to r e pl a ce org~nic ma t e r ials , t he mos t 

c ommon be i ng wood , b og and othe r vege t able s ub t a.nee • Some of t h~ 
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opal replacements a re remarka ble be cause of t he f idelity with whi ch 

they repla ce , W-i-th---mi nu t-e- ccuracy-, every cell and. fiber of former 

materials even to s uch an extent t hat the original species may be 

dete r mined . The replacements may , on occasion , be of prec ious opal 

uch as those found in the Virgin Valley in Northe rn Ne vada . However , 

it is the common opal , semi-opa , j asper- opal nd t he agate- opal that 

are the mos t c ommon and a lso the most useful for making stone tools. 

The fossilized b ogs yi eld t 1i~ type of opal in more massive beds by 

replacing t he stems , roots , seeds and leaves of ext inct flora . These 

beds are now found in sedimentary de posits a lanket veins . Opal 

replacements are c ommon where volcanic ash has r apidly covered the 

organic mater i al . 

Opal is ve ry easily flalrnd. - it ha_s high degree of flexibility , 

probably the hi ghest degree of t hi s part i cul a r p ysica l property of 

a ny of t he lithic ma teria l s . By compa rison with other material , opal 

requires little pres sure t o de t a ch a flake . Therefore , it i s an 

inte r esting practi ce ma terial as t he flaki ng can b e controlled and 

long narrow flake s deta ched . 

I GNEOUS ROCKS 

Some varietie s of i gneous roclrn ar us e ful for making flaked st one 

tools . 

1. 
2 . 
3. 
4 . 
5. 
6., 

?. 

The most desirable of this group are : 

Obsidian ,.. ,. 
;,, 

. ,. 
, - I , I 

Pitchstone , a -ce - -;e, grade of obsidian 
LJ 

I gnimbrite , a welded volcanic tuf f . 
Basalt , a t ype of ext rusive volcanic rock 
Rhyolite , a light-colored volcanic rock 
Andesite , a volcanic irtermedi a te between 
basalt a nd rhyoli te in composition 
Felsite , the name used for b oth rhyo ite and 
andesite when a more accurate identifi cation 
is impossible . 

',• ~ ; t -r. f ,,, f" 

I' 
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Obsidian , 1 -f__ tp,Lf-},1, tun. 
v-1 ✓At 

A volcanic glass consist ing of lime or potash and si li cate wtth 
0--•,~f 

lumina and iron , (usually f ound in c onnection with feldspars It 

has a g lassy appearance and is six in hardness on the Mohs scale . 

I t is vitreous in nature wi t h a coni cal fracture . The primary color 

i s usually black , but is i s sometimes r ed , brown , green and or 

v9 riously striped or mot tled in a combinat ion of these colors . The 

striptng usually is a result of t he flow str ucture of t he obsidian . 

Some obsidian has t he quality of iri descence, exhibit i ng rainbow 

colors and ot he r va riet es have the quality or cha toyancy , showing a 

gold and silver sheen . Both i~ide8cen and chatoyant obsidians must 

be oriented to t he proper axis to br ing out thi s beauty of t he sheen . 

The earl y people of Meso- ame rica were awar , o: tl is s heen and seemed 

to prefer t his quality for t he manufacture of their polyhedral cores . 

Obsidian has all the desirable qualities and prope r ties necessary for 

making flaked stone tools and it must have been a time of much rejoic ing 

among the ancient toolmakers when a source of good obsid ian was 

l ocated . Today it is still thrilling to pay a visj_t to Bla ss But te , 

Oregon and see th beauty o this mate rial , for ther is no monotony 

in the ~ndles s varieti9S of swirls , bands , colors , irridescence and 

chatoyancy and it is , indeed , a delight to work . I t requires less 

force to detach a flake f r om obsidian than t he cryptocrystalline 

quartzes and it works equally well for t he percussion or pres sure 

methods . Its only drawback is its l imited strength. The crypto

crystalline quartzes are s tronge r and not as brittle as obs idian . 

However , the sharpne s s of the obsidian flakes mor e t han compensates 

for t he difference between the two materials . 

The sources of obsidian are not as w dely dis tributed as t he 

chalcedonic rocks . s· nce it occurs in regions of vulcanism , it was 

wide ly used in the Wes tern United States , Meso-America , South America , 
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Iceland and, to some extent, in the Mediterranean area and 

in Africa. It was employed in the manufacturing of cutting 

implements, tools, projectile points, utensils and mirrors. 

There are multiple grades and kinds of obsidian relative to 

workability, character, and color add these differences can 

occur in the same zone of vulcanism. In the same volcano , 

different temperatures were reached which resulted in the 

production of different forms of volcanic glass . The high 

temperatures produced forms of cristobalite and tridymite , 

creating small spheres, or spherulites , within the material 

with a radiating or spoke-like structure and this is called 

snowflake obsidian . When obsidian contains these spherulites, 

the structure is weakened, making this material an inferior 

grade. A great deal of the obsidian in the Yellowstone Park 

area contains these spherulites, making it unsuitable working 

stone as one must first delete these imperfections and , therefore , 

only small size tools can be produced. There is also a difference 

in the texture of various obsidians from the same site o The 

coarser-textured varieties have less strength and, therefore , 

are not as desirable as the more vitreous types. 

The age of the obsidian is also a factor in its workability -

the older the obsidian, the more internal str ~sses and strains 

because the molecular structure is unbalanced by trying to 

regain a crystalline form , making the older material unpredictible 

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 o An example of this 

phenomenon in nature is evident in the obsidian found in perlite 

beds . Often it is so brittle from internal stresses that one 

cannot remove the surface by grinding on a lapidary wheel without 
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almost exploding the obsidian . Much of the perlite is made 

up of the exfoliated obsidian . Areas producing this type of 

obsidian have the appearance of being an aborigional workshop 

due to the exfoliated flakes. Some of the material will even 

resemble polyhedral cores due to the starch fractures caused 

by molecular internal pressures. However , this type of bfeak 

is readily identifiable from those man-made , either by pressure 

or percussion. When I speak of old and new obsidian , I am 

making reference to the geological age and , at the present time , 

the age is only relative. Devitrification of obsidian is not a 

function of time alone - it may occur very soon after extrusion 

as a result of hyd~othermal activity. 

Gene Titmus, Henry Irwin and the writer did some toolmaking work 

at the Glass Butte and Burns sites and became aware of the 

additional amount of force required to detach a flake of similar 

size from a piece of Burns obsidian and the cobbles found at the 

Glass Butte site. When struck, the Burns obsidian has a resonance 

that is unnoticable in the Glass Butte material. Until one is 

able to mentally calculate and compensa te for the difference 

in toughness and homogenity and allow for the difference in the 

force necessary to remove flakes of equal dimensions, it is 

difficult to change from the Burns materi al to the Glass Butte 

obsidian . 

Some of the sites from which I have obtained obsidian for 

experimental purposes a.re: the Island of Sacrifice near Vera 

Cruz , Mexic o ; Teotehuacan , Valley of Mexico ; East of Magdelena. ~ 

Mexico ; San Blas , Mexico; Glass Butte, Oregon ; Silver Lake , 

Oregon; Northwestern Nevada ; near Cederville , California ; 

Coso Hot Springs near Little Lake , California. ; Glass Mountain 
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northwest of Bishop, California ; Fish Lake, Nevada; Clear Lake . 

California; Snowflake obsidian south of Salt Lake City, Utah ; 

Iceland; the Western slope of the Tetons, Idahp1 Sweet , Idaho ; 

and Owyhee County, Idaho. 

Obsidian requires a different working technique than the crypto

crystalline varieties of quartz. When working obsidian , a 

softer hammerstone is used to prevent the shattering and collapse 

of the striking platform. It is also necessary to use more care 

in the preparation of the platforms to insure their withstanding 

the necessary pressure or percussion force. When working 

obsidian, the shock must be dampened with more care ana. the force 

must be directed toward the center of the m~ss more carefully . 

Also , the support is more critical and greater care must be 

exercised in holding the stone being worked. Because of the 

fragility of this material , a refinement of techniques is 

necessary when one changes from flint-like materials to obsidian . 

Pitchstone: 

A variety of obsidian with a coarser texture. The edges of the 

flakes are not as sharp, the platforms crush more readily than 

do those on obsidian and a little more force is required to 

remove a flake . I believe pitchstone has a slightly different 

water content than does obsidian , but, generally , the qualities 

are similar. 

Ignimbrite 

A type of volcanic rock easily confused with obsidian . It is , 

however , a welded volcanic tuff and breccias. The tuff and 

breccia is produced by igneous activity originally by being 

discharged from volcanos in the for m of ash made up of 
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microglass-like particles with the same qualities as obsidian . 

The tuff from a single eruption may cover thousands of square 

miles and, under certain conditions, be altered until the glass 

like particles are joined into one homogeneous mass o Upon 

close examination of a fractured surface , ignimbrite will exhibit 

numerous imperfections for , when the flake is being detached , 

it intersects the small granules of impurities which create un

equal resistance to the force necessary to detach a flake , and 

these impurities leave a roughness on the flake . Ignimbrite is 

usually black but may be red, brown, blue or a combination of 

these colors usually in blended bands rather than mottled and 

there is sometimes evidence of signs of brecciation. Ignimbrite 

is always opaque except when broken to a very thin edge which 

permits a little light to be transmitted and the thin edge will 

show tiny granules. The most accurate method of determining 

whether it is ignumbrite or obsidian is to examine a thin 

section under a microscope. Ignimbrite is commonly found in 

place as a ledge or blanket vein . When not in place , it is 

usually found in alluvial deposits as rounded cobbles which 

have a cratered surface caused by their being bruised against 

the other gravels that make up the alluvium . Since this bruising 

has set up planes of weakness on the exterior of the cobble , 

one must remove the outer surface before the cobbles can be 

worked . 

When igni mbrite is used for making flaked stone tools , slightly 

differ ent techniques must be used than those applied to obsidian . 

The edge strength is not as great as obsidian , so more care must 

be used in seating the pressure tool and a stronger platform 

created . Also 0 when using percussion to detach flakes , the 

impact must be farther in from the leading edge to prevent it 

from crushing or causing a step- fracture o When one becomes 
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accustomed to this material, very fine narrow controlled 

precision flaking may be accomplished . Ignimbrite is quite 

plentiful in Southern Idaho and was apparently a favorite 

material for early man in this area , for the greatest percent 

of the artifacts found here are made from this reconstituted 

tuff . 

Basalt: 

Is a form of extrusive dark grey , dark green , brown , or black 

lava, either compact or vesicular. The compact variety of 

basalt is the mos6 suitable , depending on the degree of a oarse

ness or fineness of crystallization of the material. B,9salt has 

a quality of toughness and the resistance to end shock - an 

important factor when the finished tool is to be subjected to 

rough usage. The more finely-textured basalts lend themselves 

well to pressure flaking. However, more force is required and 

a stronger platform is necessary to detach flakes than on 

obsidian and other vitreous types of material. When working 

basalt, a greater amount of control must be exercised to make 

pressure flakes of uniform dimensions because of the increased 

amount of pressure necessary to detach a flake and , at the same 

time , prevent the flake from collapsing . One may expect the 

flakes to be much shorter and more step-fractures than when 

working a finer-textured material . Pressure flaked artifacts 

of basalt may be expected to be thick , unnotched or slightly 

notched , stemmed or lanceolate and , in rare cases , precision 

flakeq tools with sharp edges . Coarse- grained basalt can be 

most useful for certain types of tools - those used to cut 

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

manner . 
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Rhyolite: 

Rlltyolite is 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 for making 

flaked implements. Sources of the finely-textured rhyolites are 

not particularly common and, because of this , they did not 

play an important part as a source of good mat ~rial. When 

rhyolite is found with a minimum of phenocrysts, it can be a 

very satisfactory stone for the manufacture of flaked toolso 

The colors of rhyolite range from white to grey, pink, red and 

purple. The glassy rhyolites may be flalced by either percussion 

or pressure and well-controlled flakes may be d. eet ach~~- Fine 
~~~~~~ 

quality rhyolite may be compared to g~od q~ality heat-treated 

Andesites: 

Andesites, because of their abundance and variety of color , 

texture and mineral composition are suitable for certain type 

artifacts. They are, in general , darker than rhyolites and the 

dark grey color is common. They are transitional on one hand 

into rhyolites - on the other into basalts. Their freshly 

broken edges are translucent when held in a bright light . Quartz 

phenocrysts do not occur in andesite - a distinction from 

rhyolite . Because of the wide range of constituents, textures 

and contained minerals , the degrees of workability are relative 

to the homogenity and texture of the andesite . 



"40 

Felsi te: 

It is difficult to discriminate between rhyolites and andesites 

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

elastic, noncommital name o 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 green to dark green , 

dark brown or black, the term Felsite is convenient . 

Rhyolite, andesi t e and felsite are almost as difficult to define 

as the difference between chert and flint. When these materials 

are made into artifacts, or found as flakes and discards, it is 

even more difficult to define the material than if the material's 

origin is known and its geological occurance interpreted. To 

reiterate, the more finely textured, the more homogeneous the 

material - the more readily the material lends itself to being 

made into flaked implements. As a stoneworker, I can only 

attest to the fracture of these materials - the final analysis 

will have to be left to the mineralogists. 

SILICEOUS SEDIMSNTARY :, 

Welded Permeable rocks: 

The impregnation of permiable rocks by silica (chalcedony) can 
such as shales 

alter a semi-porus material/ into a rock that can then be shaped 

into satisfactory tool s either by pressure or percussion . This 

permiable group of rocks is indistinguishable from their 

unaltered counterparts except that all voids are filled and 

particles are welded into one homogeneous mass . Rocks thus formed 

may be altered by the thermal treatment and are well suited for 

making stone implements ! 
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Silicified Sediments: 

The introduction of , or the replacement by, silica into types 

of sediments such as clays , silt and sand particles in 

indefinite mixtures and proportions may both fill up pores or 

voids and ~eplace existing minerals. These siliceous sediments 

include mudstone, claystone , siltstone , shale , and argillite , 

and may use still other names to distinguish the many different 

colors and textures. Material of this nature is usually found 

in ledges , blanket veins, in tal~us or in alluvial deposits . 

The siliceous sedimentary rocks are usually in tabular form 

often with varves and bedding planes. The sedimentary material 

having clevage or bedding planes closer together than the thick

ness of the proposed artifact is undesirable because the flake 

will follow the line of least resistance. However , if the 

bedding planes are of approximately the same thickness as the 

desired tool, much thinning may be eliminated. Thin slabs may 

be easily shaped into a variety of tools with a minimum of 

effort and a slight loss of material. 

Silicefied or opalized sediments can often be confused with 

metamorphosed sediments. The metamorphosed sediments are 

usually slate and shale with well-defined clevage planes so 

closely spaced as to make the material unsuitable for flaked 

implements . 

When the texture is fine and the silicification is complete , 

this type of sedimentary rock is adequate for most flamed stone 

implements . It has been widely used and played an important 

part as a source of good material o 

Siliceous Limestones : 



Siliceous Limestones: 

Limestones containing variable amounts of silica lend themselves 

to the flaked tool industries in different degrees , depending on 

the amount of silica contained in the material . The calcium 

carbon~te by itself is much too soft to result in a sharp cutting 

edge, but a c ombination of siliceous materials evenly distributed 

in the mass can make usuable material . The g~eater the amount 
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of silica - the more control one has in detach'lng flakes . The 

replacement by , or the introduction of , silica into limestone in 

indefinite proportions contributes to a wide array of textures , 

colors and mineral constituant s . At the time of deposition , the 

limestone may have contained siliceous skeletons of diatoms , thereby 

increasing the silica content . 

Limestone with a high silica content can be useful for making tools 

adaptable for rough use and when a sharp edge is not necessary . 

Siliceous limestone is very difficult to pressure flake and most 

of the forming of the tool must be done by percussion . The nature 

of this material 1s comparable to basalt in workability , texture 

and toughness . 

Metamorphosed Rock : 

Metsmorphic rocks include all rocks which have formed in the solid 

state in response to pronounced changes in temperature , pressure and 

chemical environment which takes place , in general , below the surface 

of weathering and cementation. This process by which consolidated 

rocks are altered in composition , texture , or internal structure , 

by heat , pressure and new chemical substances are the principal 

causes of metamorphism - generally resulting in the development of 

new minerals . Mi nerals resulting f r om metamorphism are only useful 

if they have the qualities necessary to make flakes that may be 
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controlled by pressure and percussion . Due to the normal coarse 

texture caused by the separation of the individual minerals , the 

metamorphics do not play a great part in stone toolmaking . 

Slate 

Slate has been a fairly common material used for tools and ornaments 

but they are usually finished by grinding . However , the initial 

shaping can be accomplished by using percussion and pressure . 

Fine-grained porphyritic rocks: 

The metamorphosed fine - grained porphyritic rocks have been used to 

some extent because of the lack of better material . Due to the 

intersecting planes of weakness , one can expect only ill-formed , 

thick tools with ~n irregular or dull edge . 

EXOTICS 

Exotic materials are those that do not readily fall into any 

of the foregoing categories. This class is merely to provide 

space for the unusual, the rare and those that need the assistance 

of a specialist in this type of mineralogy . 

EXP~RIMENTAL MATERIALS 

Glass : 

Glass is the ideal material for ijxperimental work in the mechanics 

of fracture . Glass has isotrophic properties (having the same 

properties in all directions) . Glass has much the same properties 

as obsidian and it responds in an identical manner under the 

application of force . Both natural glass and manufactured glass 

are , by far , the best materials for studying fractures for they 

leave radial scars , fissures , undulations , the step and hinge 
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fractures, errailures, ~ flake overlaps , tha plat forms and 

the bulbs of force well defined. The glass will reveal much more 

of the mechanics of force used in manufacture than will the more 

coarsely-textured materials . Man- made glass has a uniformity and 

even consistency greater than that found in natural materials and 

the imperfections are readily detectable . Of much importance to 

the experimenter is the fact that glass requires much less working 

force than the cryptocrystalline silicas . Even the aboriginal 

people chose glass as a preferred materia:, for glass tools have 

been found in some of the historical sites in the Americas . It was 

a favorite of the Australian aboriginies and a great majority of t he 

experiments done by ISHI were worked in glass . 

Man-made glass is variable in flaking quality because of the 

different formulas , manufacturing methods and coloring compounds . 

When one becomes familiar with a certain kind of glass and 

c ontinues to use the same quality,very satisfactory results may be 

obtained . If one cannot obtain the desired results when working 

with glass it would be useless to attempt to work with natural 

materials. One must keep in mind , however , that unless one is 

d oing this work continually , the hands will become very tender unt il 

the muscles are hardened and callouses are formed . 

Glass as an experiment al material is easy to obtain in a variety 

of shapes , forms , colors and composition . An excellant source of 

supply in the Archae ological sites of the future , i . e . the city 

dumpgrounds - here may be found cold cream jars , pyrex , jugs , broken 

plates and Brome b ottles and a particularly satisfactory i tem - old 

T. V. tubes . One should not delay too long , however , as our 

c i vilizat ion is rapi dly entering the age of pl ast ics . 
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Porcelain: 

For the study of fracture and comparison with the natural coarser

t extured stones , porcelain may be used as an experimental material 

for the fracture of porcelain is quite similar to some varieties of 

quartzite . However , it does not have the same toughness . Porcelain 

is also variable in quality suitable for flaking . Tha t which has 

been fired at a high temperature is the best working material , such 

as discarded high voltage transmission line insulators and most 

porcelain bathroom fixtures . This material is very good for per

cussion practice ~work and better grades may even be pressure flaked . 

~ 

Ice can be useful for classroom demonstration of the fracturing of 

flint-like materials and protects the participants from injur y from 

flying pieces of natural material. 

Resin: 

Resins may be used by students to practice pressure flaking 

pressing off flakes and to simulate small cores etc . for determining 

the nature of fracture. 

Starch : 

Starch has much the same character as resin and micro- blades may 

be removed with the tip of a lead pencil . 

Ant hraaite coal , Cold tar and Gilsinite : 

These are also materials that can be used to show the mechanics 

of fracture . This list is incomplete and there are perhaps many 

other substances and compounds that caTI be used f or laboratory 

demonstrations to show how certain solids react to applied force . 
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The foregoing evaluation of the attributes of lithic materials 

may aid the experimenter and perhaps help the typeologtst ~ It 

1s not the purposes of the writer to burden the profession with 

an analysis of every scrap , discard and flake , but only to point 

out some of the properties of lithic material that have significance 

to a stoneworker. This analysis is meant to create an interest in 

the toneage materials and to project some of the essentials of 

lithic material for toolmaking . It is hoped that an understanding 

of material will create a new interest in the scraps of stone found 

in campsites and professional digs and that they will have more 

meaning for the student other than just viewing them as a scrap of 

worked flint-like material and that , ultimately , these discards may 

someday help to complete the picture of the past . 

A suggested list for appraising materials follows: 

1 . Material On page 13 is a compiled list of various kinds of 

lithic materials including some seven groups and sub-classes . 

This list is far from complete and includes only those materials 

with which I am familiar . 

2 . Minerals Minerals are made up of many ites and the complete 

list and breakdown will have to be left to ehe qualified 

mineralogists . 

3. Chemical Composition This represents the proportion , the 

arrangement of , and the relation to , the different elements 

and compounds involved in the materials useful for the flaked 

stone industry . 

4 . Refractive Index This index is an accurate method of indicating 

the reflection and absorption of light in solids . The 

refractive index should be much the same in degree as texture , 

however , texture is only relative while the refractive index 

has a numerical value . Various minerals may have different 
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light- absorbing values that would have no bearing on texture . 

6. 

8. 

Color Color is an excellant aid in the initial sorting of 

detritus , debitage , flake assemblages and accumulations of 

material rejects discarded by people of the Stone Age . 

Certain distinctive colors do afford a key to the points of 

origin even though the textures do not always remain the 

same . 

Source The impor tance of material s ource has been pre

viously discussed . The character of external f l alrns and 

discards can contribute much information regarding the source 

(also see No. 15 , Cort·ex) 

Geographical area The geographical area deals with the 

spatial d i stribution of material from known quarry sites 

and the transportation and trade routes of certain (special) 

materials . If the distribution is great , it would seem t o 

indicate a material of special quality for the flaked tool 

industry . 

Geological Occurence Geological occurence can be useful 

when the material is found in place . Certain attributes , 

types of crystallization , textures, colors and qualities may 

be a direct result of the geological nature in which it was 

formed . The finding , in situ , of a deposit of usable mat erial 

will aid in a more accurate identification of material in 

questi on than will a flake found on the surface . 

9. Li ght Transmission Light transmission is an important 

i dentifying feature being useful in determining the colors 

by a transparency rather than a reflected light . If a thin 

flake is moistened , or a thick flake broken to a sharp edge , 

and then held toward a bright light , one can see the degree 

of translucency as well as the mineral structure . Wett i ng 

of the surface als o servs to bring out the true color of the 
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reflected light a.nd , at the same time , aids in revealing 

the structure which may be characteristic d that particular 

material . In the field , it is often difficult to determine 

the difference between ignimbrite and obsidian . But , if the 

thin edge of a flake is held toward a bright light , the 

difference may be noted . Ignimbrite is generally opaque , 

or has a very uneven distribution of coloring matter in the 

form of granules , while obsidian has a uniform distribution 

of color with different degrees of translucency . 

10 . Texture Texture is the most important key to the workability 

of lithic materials as it indicates the degree of crystalli zation . 

Textures range from the very glassy or vitrious - to the more 

granular rocks. It can indicate: how much force is necessary 

to remove a flake; whether it can be flaked by pressure or 

percussion; the sharpness of the edges; and whether flakes 

of uniform dimension can be detached without the pla tforms 

or the flake collapsing . The finer the texture - the greater 

the control in making flakes , blades and tools . 

11 . Edge Character The edge character of a flake can de note 

how useful the material would be as a cutting implement and 

also its degree of texture . The finer the texture - the 

sharper the flake. Tools made of the fine-textured materials 

are useful for cutting soft materials , such as leather , flesh , 

cordage , etc . Finer-textured materials are also ideal for 

pressure flaking and where a sharp edge is needed for knives , 

blades and projectile points . For tools that will be sub

jected to rough usage , a material that has a coarse edge will 

be more satisfactory as it has more t oughness . Coarse - textured 

materials , such as quartzites and basalts , are excellant for 

designing a tool meant for forming and cutting bone, antle r 

and wood . An illustration of the differences of a sharp edge 
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and a coarse edge is the conversion of a cryptocrystalline 

quartz by the use of the thermal treatment . For exa~ple: 

agate, in its natural state, has an irregular ed~e and this 

is the result of t~e size of the micro-crystals . In its 

natural state , it has much toughness well suited for making 

tools which do not require the removal of long, regular 

flakes to produce an extremely sharp edge such as drills, 

perforators , scrapers , etc . which are designed to withstand 

twisting, shock and general severe treatment. However, if 

a thin, well-formed knife with a razor edge is needed , one 

can be made from the same piece of agate if it is altered 

by heat-treatment from its original form to a material that 

has a very sharp cutting edge and is easily pressure flaked . 

The sharpness of the edge will indicate a fine texture while 

the rough edge will indicate a coarse-textured material . 

12. Resistance to Shock This resistance is one of the qualities 

of stone that only the stoneworke r of the past and a few 

present-day experimentors can fully appreciate. It is a 

paradoxical quality that is not entirely understood . The 

resistance to end shock is more noticeable in the technique 

of removing blades from a core) fQr one finds that certain 

materials can be compressed when struck by a hammerstone or 

a billet and will then expand without breaking the blade . 

Some materials do not have this resistance and , when a blow 

is delivered at the proximal end of the blade , there seems 

to be a transmission of force thereby causing breakage . At 

present , this resistance is confined to certain groups of 

materials and this is apparently due to the intertwining of 

the microcrystals of the cryptocrystalline group . The quality 

of toughness is directly associated with the res stance to 

shock and this quality pre~ents platforms whi ch receive the 
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impact of the blow from collapsing. Fli nt has this quality 

but it is not found 1n volcanic glass (obsidian) . Of all 

the minerals I have worked with , nephrite jade has the greatest 

resistance to shock and is the toughest . Jade is not in the 

list of lithic materials because it is not one of the stones 

that can be flaked , - tis mentioned only as a point of 

reference . Toughness is the quality of flexibility without 

brittleness or yeilding to force without breaking . 

13 . Elasticity This is the property or ability to return to its 

original form when the force is released . It is this qual ity 

that is related to end shock , - the ability to recover without 

fracturing. Elasticity is included to avoid any possibility 

of confusing this meaning with flexibility . 

14 . Flexibility This is a term meaning the quality to be bent -

or pliancy - or not being stiff or brittle . It is this quality 

that allows a person to control and guide a flake over a curved 

surface . If it were not for this property of flexibility , 

there would be no convex or double- donvex artifacts . Different 

materials have different degrees of flexibility . Heated 

cryptocrystalline minerals and volcanic glasses have this 

flexibility to a greater extent than the coarser-textured 

minerals . It is difficult for one not familiar with stone 

working to fully understand this property , but a flintknappe r 

can control the flexing to an amazing degree . 

15 0 Cortex This is the exterior surface of the mass before it 

has been shaped into a tool o Most materials have a natural 

surface layer that is sometimes sufficiently distinctive to 

be useful for identifying places of origin . 

Cortex (the natural or unflaked surface) is used to identify 

material useful for toolmaking.. Examples are: the part],y 

silicified surface , or the incompletely mineralized exterior , 
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o of nodules or masses of flint whether from chalk or lime

stone deposits . The bruised , abraided or naturally polished 

materials found in alluvium ; tlacial till or naturally 

transported deposits; surfaces retaining the impressions of 

cavities , voids , fissures, crevices and joints where silica

charged solutions may be deposited or the external surface 

impressions left by organic materials that have decomposed 

and their voids or casts replaced by silicious materials . 

16 . Homogeneity Denotes material in which the composition and 

the physical state are uniform throughout . Consisting of 

identical or closely similar material which may be a single 

s ubstance or a mixture whose proportions and properties do not 

vary . 

17 . H&at-treatment Whereby silicious materials are sub1ected to 

the controlled thermal treatment and are , therefore , 

artificially altered, by man , to change their original 

structure to one that will lend itself more favorably to the 

production of certain stone implements . This process will 

be described more fully in a separate artie3:-e o 
. /~PcM 
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