
Rout 1 , Box 39 
Ki!!l erl , IdR' 0 

83341 
Nov . 8, 1968 

Dear Mlchel : 

Th"lnk you for your noc:;t we lc ome lP-tt·~r ,XPr""ssing y ;Ur i n ter st and 
work in the order o<' flske and blade re··,mn l , a~ w~lJ. as th behavior of 
11th le L'l:3te rial ·•h-3n sub jectod to force . ThA drawings v ou enclosed are 
:?Xtraordln- ril .v ..,ap;n tficent and I than]'" you for th m. 'rhes i· ill be of 

r at va lue to ':'1~ in ...,Y lit 11ic tec11nolorry wor k . 

You have, inde d , posed some difficult and imµort8nt qu,stions , and 
the answers vill be equally difficult an c_rtainly inco ol t~ . ~t t~is 
tim-, I cgn only give you the conclusions based on ny presen t exp rim-nts . 
Many addi ti nal exp·?rinents 3.re necess ry h."fore I C9!1 augment , veri "'y , and 
validate th se concl,lst ons . 

1~xp-•rim-nts rev~al th t the shock ·mves (undulat ons ) a e de termined , 
in part , by the nature of th'°' lithic mr.:itcrial . The- more vitr-ous (Q,"la.ssy ) 
the at rial , the ~ore accentuated will be the W9V~S of shock . Vitreou 
~aterial can e c0mpnr~d to ~ viscous liquid ~:ind the cgre3 of vtscos i tv 
seems to ~tqrniiri~ the a·1ount , intensity , an1 sp'-lc n -~ of the und11lqt ans 
(sh 0c le waves ) • 

Also to be consid~r.d is th~ tvoe of force deliver3d to 
illterial t~ cguse frqctur-(rupturc) t~ occur . Appll~d orce , 
percussitm or pr ssure , mst exce~d t c ell'lsti c lint ts ri" tvie 
result in i ts frqcture . It ~oul~ seem , the.r-fore , t~qt tests 
properti s of Y"l'1tAric:i.ls w0uld be in order . Quartzites o not 
elgst1c as fine - 3rqin~d flints or obs l di9n . 

trie lithtc 
whether 

"lteri<1l to 
o th elastic 
s M t o be as 

Th~. anr~r of applyin~ force ~ust also b c on id red . The int rv~l of 
c ontact between the p •rcussor c:in<'I the obj_cti ve ni c , det ,r th_ 
differ .nc in t ',') charact~r of' th uaves of force . For x mpl : a blow of 
hi<:rh velocity with a hqrd ar.n:ai.,rstone ~r30tly increqse"' th_ mount of kin.t i c 
~n,rgy "l"1d Nill l<:?ss'en th•! cont ct interval - th reby cg,usin the ' v~s to 
be closely spqce • But , lf a so!t pGrcussor ts us_a ~nd the v,locitv of th 
blow decreqsed , the11 tne interval of co1 tg,ct will b~ prol n , _ nd tlie ·,r ves 
or force will be !!l.Ore wi .ely spac-d . If tri velocity f' th blo is d crea s ~d 
sufficiently , then th ·).ppli"3d p~rcu.:>sion <-orce vrlll closely r-tPP:r: xlm,,t th<"it 
of pressure . Howsver , .·1h n the velocity of th blow iR decreased , th, ize 
of the p_rcussor mus t be increased . I have furth~r obs~rv th9t when blqdes 
are d.,tach d by the pressur technique qnd th, pressure i'Tlple~.nt ts allowe 
to flex an vlbrat. , unduletions arid waves will r~sult on both bl de an➔ cor • 

I hctve also not ,d th9t wt1-n the percu sion f'orc is direct cit ., iano;le 
whi ch corresoonds with the fr'3.cture plane of tl')~ con~ of' p rcus ton , th. s'1oc "k 
wav sin the Material will be reduced . Furthar , if' th~ platfor is fr e 
( i.sol9ted) by the re·1oval of s-1qll flAk_,s : (1) Frncture ill stcirt t th 
proxi ':nal end · nd pro,.;r;r"?ss towar th~ i c:;tal ~ ~:1 1.vi th a less ,ned amount or 
molecular distortion , (2) hoc:~ vav:""s will b~ r3duc, in definttlon , ciize 
nu b~r . Tho surfgce of the core ls 9lso l portqnt , ~or any irr~ ulartty 
will cause a differentlql r:Jsistance of th~ 'J9t rial to tl-'ie o=tpPll, orce 
th~refore , ,,raves rt 11 be f'0rraed on the v ntrnl surf c e of tl1, bla · e and on 
the blade car or t~9 c0re w~lch will be nor anparent . 

Th~se are but~ fe w of th~ f_atur~s a~1 conditl 1nq to he consider.d to 
d ,t..,rnine th"' .,res,,nce or absenc~ o" fore •aves and conpr "'Si.on ri~rrs on c or~s 
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and flaks . ~ach l n~ ivi u~l sp~ci~en ,ust bs 9V~lunted to d termtne why 
the!'.L force waves do or do .!12.t occur . There is ce rta inly a ,r eat ne d f or 
experi ments under c ontrolled l abor at0ry c ondlt'. ~ns to r s olve t h is entg a . 

I am sorry thqt I can not b of hel p to you wlth y0ur study of the 
~olecul3r structure of materials . I am v3ry uch aware of th e diff rences 
when working lithlc material , but I can not exol a in or det~r~in th-m . Ma be 
th r e will be some clue i n what I have said th'.1.t r::i'-ly be of h~lp to you . 
Certainly , when Borde a~d Tixi -r are ~orkin~ ore with e , w sh~ll i~cu~s 
t'1is matt ,r and do some exn,~ riinev1ts and s e rhat conclusions we reach . 
I a.ii v"!ry much lool<i nzr forward to their visi ts ari the expe rin.ents w, can do 
together . 

Mic'I-J.e 1 , the ··rorlr you qr dot nr:; ··1 i 11 he 8 ~re·"'t contri but i <m to further 
un~erstandin · th~ rhythms and. r.ausculSl.:r. notor hAbi ts of ti, t olm li::e r 1.n 
relation to th9 tvp~ of Rtertal bein• work d an~ its rJsp0ns~ t~ subjJcted 
force . T~ s t •rpe of analysis applied to cores a~d i~Pl-~ nts will , undoubtedly 
show di_gnostic trait 4n~ technolo~tcal tr9d iti ons of en of rehtstory . 
Pleas kv ,p me lnfor,-:1:1d of vou r pro--;ress in this worl{ , for I shA.11 be 
intensely inte r e t ed in your results . 

Ple/3.se ~d. ve ,__r re3ar0s to Tixier and I hope he c qn a ns w'1 r your 
qu~ tions better tl1··n, I haV'e . 

Very sincerely y~ur , 

• Crabtree 

~ncl . 
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