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CHAPTER I 

INTR ODUCTION 

In archeo l og i ca l sites lithic material types may be informative 

of the areas explo i ted by prehistoric occupants . Chapman (1977 : 327) 

states that th e technological behavior of a hunti ng and gathering 

gr oup is a n adapt ive r esponse to two f act ors : The distribution of 

suitable raw materials for tool manufactu re , and the dis t ributi on and 

seasonal availability of food resources within tha t r egi on. It seems 

reasonable that raw mater i al s wou ld pri ma rily be acquired fr om wi t hi n 

or adjacent to the areas exploited by a group for food resources , or 

that f ood would be acquired from ar eas where raw materials were 

availab le. In eithe r case, the lithi c mate rial types 1vould reflect 

areas exp l oit ed by the inh abitants of a site, or indicate contacts 

with othe r areas. 

This thesis resea rch has a twofold purp os e: to i nvestigate 

va ri ous factors that n1ay influ enc e the types of 1 it hi c mate ri al s 

r ep r esented in a site; and to examine the r aw materia l types in 

several artifact assemblages as possible indicators of the home range 

or areas of exploitation. Sit e t ype, duration and season of 

occupation, material preference and distance to source are be l ieved 

to be among the primary facto rs which infl uence the acquis i tion , us e , 

and discard of raw ma t erial s and thus t heir rep resentation in a s i te. 

Arc heologists frequently assume that t he types of activities 
( 
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repre se nted in a site and the du r at i on of occ upation in fluence th e 

n u m b e r a n d t y p e s o f r a \'I m a t e r i a l s p r e s e n t • F u r t h e r , t h e r e l a t i v e 

frequ ency of mate rials in a site is sometimes considered indicative 

of the duration of occupation or the intensity of utilization of an 

area. However, the frequency of mate ria1s might actually be 

influenced more by material preference or distance to source. This 

thesis seeks to exam ine such assumptions. 

Analysis of raw mat e rial types in terms of the geographical a reas 

which they represent requires that material types be identified and 

source areas located and described. Our present knowledge of lithi c 

resour ces is far from com pl ete. How ever , the geologic sources of 

several materials are known. In addition, it is possibl e to deter ­

mine the distribution of potential sources of raw mater i als fro m 

geologic maps of a region. A description of mate rial types and 

potential geologic sources from the study a rea is presented in 

Chapter V. 

Five sites have been selected for ana lysi s , four from north­

eastern Wyoming and one from southeastern Montana. (Site locat i ons 

are illustrated in Figure 1). The region is dominated by rol lin g 

sage and grassland, with distinct geologica ll y uplifted areas which 

are important as potential raw material s ourc es . Temporal 

affiliation of the fiv e archeolog i ca l sites ranges from Paleolnd i an 

to the Late Prehistoric period (Sit e inform atio n is summarized in 

Table I). The different time periods represented a llow fo r the study 

of change in raw material utili zation. With some exceptions , the 

functions of the sites analy zed are simi l ar. They are all primaril y 



Idaho 

Utah 

"' ~ ton t .:111 a 

" " 1\ 1\ 

1 
2 
3 
4 
5 

"""' f\/\ 

(\ (\f\ --­

"" 

Kobold Sit e 
Piney Cree k Site 
Vore Site 
Ha\·Jke n Site 
Agate lias in Site 

Figure l. Loca tion of s ites analyzed . 

3 

Ne braska 

Colorado 



TABLE I 

SITE INFORMATION SUMMARY 

Site Site # Activities Age Reference 
Agate Basin 48N020T kill/camp Folsom Frison and 

kill Agate Basin Stanford 
kill *Hell Gap 1982a 

Piney Creek 48J0311 camp *Late Preh i storic Frison 1967 
48J0312 k i 11 Late Prehistoric 

Kobold 24BH406 camp Ear ly Archaic Frison 1970 
kill t1iddle Archaic 
kill Late Archaic 
kill /camp Late Preh i storic 

Hawken 48CK303 kill Early Archaic Frison, 
Hilson and 
Wilson 1976 

Vore 48CK302 k i 11 Late Prehistoric Reher and 
Frison 1980 

* Not analyzed 
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oriented tO\'Iard bison kil l and butcherin·g activiti es. In add ition, 

the Folsom component of the Agate Basin site and Late Prehistoric 

component of the Kobold site reflect post-kill occupation of the site 

and thus provide comparative data relating to site function. The 

Early Archaic component of the Kobold site represents a small camp 

site and is included for comparative purposes. 

It is apparent that the same factors do not account for the 

frequency of raw materials at a ll sites . The analysis and 

conclusions presented are, in part, intended to point out the 

importance of caution and carefu l consideration in t he interpretation 

of raw materia 1 frequencies. As the study of raw materia 1 types in 

archeological sftes becomes more common, the necessity of 

understanding the factors that are involved increases . 



CHAPTER II 

RE LATED RESEARCH IN SOURCE ANALYSIS 

Lithi c source analysis in archeol ogy dea ls wi th the exam i nation 

of lithic material types and the sou rces of these r aw mater ia ls . The 

objectives of such stud ies are va ri ed and include attempts to under ­

sta nd procureme nt processes at diffe rent ra w material quarries 

(Francis 1981; Gram ly 19 80; Lu edtke 1976), determination of 

settlement pattern s in an a rea (Loe ndorf 1973) , the del in eat i on of 

exchange netw ork s (Ea rl e and Eri cson 1977) , and the study of 

territoriality (Heste r and Grady 1977; Reher and Fri son 1980 ~ Wilmsen 

1973). The resea rch reported here has developed from these prev i ou s 

stud i es and seeks to understand more comp l etely the other factors 

which may be import ant regarding materia l types found at a site. 

Among the first to cons ide r a relation ship between art ifacts and 

r aw mater ial s was W. H. Ho l mes (1893) . He not i ced that the 

ava il ab ility and the form of a r avJ material influenced the type and 

size of artifac ts produced from it, and t hat th e distr i bution of 

ce rt a in raw materials correlated with the distribution of certa i n 

artifact types. In addition, Holmes noted th at there were mo re 

broke n items and manufacture rejects in area s which pr oduced the 

mat e ri al , and also tha t s it es close to a pa r t i cula r r aw material 

sou r ce had mo re t ools of t hat material. Holm es po in ted out that 

tools were frequently made of exot i c materials, while rejects rarely 
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appeared to have been manufactured from such mater i a 1 s. Generally, 

he noted a relationship between the site locat ion for obtaining raw 

materi al, the nat ure of the site, and the kinds of it ems (tools, 

rej ects , etc.) found. He summarized these relat ionships as fol l O\'JS : 

1) Quarry and manufacture 

2) Quarry and manufacture 

3) Quarry and manufacture 

4) Only sma ll pebbles 
availab l e 

no d'r'Je 1 l i n g 

l imited 
dl'>'elling 

extensive 
dwelli ng 

villaqe 

roughouts, crude 
preforms 

roughouts, specialized 
tools, some exot i c 
material 

al l variety of forms 
and refuse, finished 
tools, exotic and 
1 oca 1 materia 1 

l ots of r,ejects and 
tools made from small 
pebbles, lot s of 
f inish ed tools of 
exotic materials 
averaging small in 
size 

Holmes's interpretations are not much different f r om some of the 

assumptions made today in source analysis interp retat ion. 

S. A. C. Keller (1971) examined and compa red the assemblages of 

the Patten Creek site and the upper levels of the Hell Gap site, both 

campsites in the Hartville Uplift of Wyoming. Ke ll er ' s study 

demonstrates the signif i cance of distance to a li thic source for 

interpreting assemblage composition. The Patten Cree k s ite i s 

located at a raw material source and exhibits a high ratio of \'Jaste 

flakes and cores to artifacts , with many unfinished or broken items 

and relatively few comp lete artifacts . In contrast , the Hell Gap 

site ha s fewer f l akes and cores, but more artifact s , mo re retouch on 
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tools , and a greater diversity of material types. 

In order to describe the sett le~e nt pattern represented by 

approx imately 100 sites, Lo endorf (1973) analyzed the frequency of 

certa in raw material types in site assemblages in relation to the 

distribution of their geologic sources in the Pryor Mountains of 

Montana. He suggested that the relative frequency of lithic materia l 

types might indicat e the season of occupation of a site. Loendorf 

noted that distinctive lithi c material types outcrop at different 

elevations . Given the assumption that different elevations are 

exploited seasonally, he suggested that the relative freque ncy of raw 

materia ls in a site might indicate the direction of movement in the 

seasonal round, up or down the mountain. 

Luedtke (1976) was interested in the dis tr i bution of di ffer-

ent lithic materials in archeological sites as criteria of exchange 

and interact ion. She stated that the method of procurement of lithic 

materials (direct or indirect) influences their quantity and form in 

an archeological s ite (see Luedtk e 1976:25-27, 318-319) . Briefly, 

she defined direct procurement as the removal of mat eria ls from a 

primary or secondary source where access is unrestri cted. It may be 

casua l, where materials are obtained during performance of othe r 

tasks, or deliberate, where a special trip to th e source is made to 

obtain material . As a result of di rect procurement a large quantity 

of material may be obtained and the debitage to artifact ratio should 

be high. In contrast, indirect procurement in volves acquisition of 

material through mediation with some other individual or group, 

I 
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t herefore acces s to the source i s rest ri cted. Acco rdin g t o Luedtke 

(1 976 : 319) , this re s ul t s in a r ap i d f a ll- off in t he fr equ ency of 

mat eria l as di stance i ncreases and as soci al boundari es are crossed. 

She furth e r noted that a mat e r i a l mi ght ul t im at e l y be f oun d ove r 

grea t e r di s tan ce s sin ce exc ha nge netwo r ks can ex t e nd a l most 

inde finitely. Luedt ke su gges ts that f acto rs su ch as cura t i on and 

ex pedi ent too l use may influ e nc e th e r e l a tio ns hip s be tw ee n 

proporti ons of diff e ren t mat e ri als f ou nd. She al so ci tes Schiffer 

(1972 : 156 - 165) wh o noted t hat t he co ntext of di sc ard i s not a lw ays 

th e same as the context of use, and wh at i s f ounrl at a s ite i s not 

al ways a comp l ete record of what went on t here. 

H e s t e r a n d G r a d y ( 1 9 77 ) s t u d i e d r a \'I m a t e r i a 1 s a s i n d i c a t o r s o f 

band range. They as sum ed th at th e "tot a l di stan ce ex pl oit ed by a 

pa r t i cul ar band may be es ti mated by pl ottin g di s t ances fro m a 

specifi c si t e to ident i f i abl e quar r ies from wh i ch stone ut il ized at 

th e s it e was obtained" (H este r an d Grady 1977 : 90 ) . Us i ng mate ri a l 

from 13l ac k\'Jater Dra\'1 #1, Jones- Mil l er, Jurgens, and Ol sen-Chu bbuck 

s i te s , th ey noted that t he re was co nsidera bl e va ri at i on i n t he 

uti l izat i on of source s ov e r t i me but th at th e maj or sour ces were 

represented i n al l period s. 

D. Ke ll er (1982) exa mined the re l at i ve frequency of different raw 

ma t eria l types f ound in si t es on Ceda r Mesa in sout heastern Uta h and 

t he ge ogr aph i c di stributi on of t he geo l og i c sour ces . He found 

di st inct differences in the f requency of ce rtai n raw mate ri a l types 

betw ee n s i tes represe ntin g Bas ketmak e r II , Ba s ketm ake r II I , and 

Puebl o pe r i od occ up atio ns . Accordi ng t o Ke ll e r th e r aw mate ri a l 
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representation indicated marked differ ences in lithic source 

exploitation patterns between the three occup at ion periods. 

Basketmaker II s it es suggest a more localized exploitation range 

l acking ties with the Mesa Verde area to the east. In addition, 

Ke ll er indicated that the differences in frequen cy of certain raw 

materials suggest population or adaptational discontinities bet1·1een 

the three periods on Cedar Mesa, thus supporting radiocarbon, dendro-

chrono logical, and ceramic evidence for brea ks of severa l hundred 

years between occupations. He suggest ed that th e knowled ge of 

differing material type frequ encies could be useful in dating sites 

on Cedar Mesa which lack ceramic, architec tural or orga nic rema in s. 

Chapman (1977 : 433 ) states that "the vari ability of ma t eri al s and 

the spat i al distribution of those materials across the l ands cape 

constitute parameters which hum an adaptive systems must co pe wi t h 

technologically." He examined the lithic resources of the region and 

the suitability of materials for tool manufactur e. He was a l so 

interested in the reduction of ma t e rials a nd e xamin ed the 

relationship between d i stance to source and th e se l ection , 

manufacture and use of materials. 

Huckell (1978) analyzed the lithi c too l s and deb i tage of the 

Hudson-Meng site , 25SX115 , in western Neb r aska. Included in the 

ana lysis was a determination of raw material type and identification 

of the source area when possible. Severa l materials and source areas 

were identified including Knife Rive r flint from North Dakota and 

quartzites from the Spanish Diggings (Hartville Uplift) area and the 
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Black Hills. Huckel l also i de ntif i ed a red jasper similar to that 

avai l ab l e in the vi cinity of the town of Shell , Wyo min g in the 

Bighorn Mountains. No definitive conclusions were made by Huckell on 

the significance of t he materials. 

Reher and Frison (1980) ana lyzed the raw material composition of 

se vera l kill site lithic assemblages . They identified the source 

areas of the mat er ials as possibly refl ecti ng such aspects of 

region a l population movement includi ng the degree of mobility and 

resi dentia l dispersion. The numb er of sources represent ed and the 

distance from source area t o s ite were us ed as approximate measu res 

of residential di spe rsion prior to the kill event, and of relat i ve 

mobility of groups . Data from the Vore s it e , a Late Preh i sto ri c 

stratified ki ll site in northeast ern Wyoming, was compa red wi t h data 

from several other ki ll sites in northeastern Vlyoming rep resent ing 

Paleolndian to Lat e Prehistori c Periods . The analysis indicated 

differences in mobility and dispersion f or different t i me per i ods . 

The Paleolndi an as se mbl ages indi cated a relatively high amount of 

dispersion and mobility; sli ght ly l ess mobi lity and dispersion was 

indi cated by the La t e Prehist oric assemb l ages . Mi dd l e and Late 

P 1 a i n s A r c h a i c s i t e s s u g g e s t e d a 1 o \'1 d e g r e e o f m o b i 1 i t y a n d 

disp ers i on while th e Early Pl ain s Arch aic Hawken s it e indicated a 

high deg ree of dispersion and low mobil ity. 

Reher and Fris on (1980 :1 21) also suggested that research shoul d 

be directed to clarify th e caus es of the va ry in g pe rce ntages of 

materi al types in an assembl age and not ed the potential i mportance of 

fa ctors su ch as site ty pe, the kinds of a rtifacts and deb it age 
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analyzed, the suitability and availabi lity of loca l l ithi c sources, 

and the representativeness of the samp l e. Thi s goa l has in fluenced 

the direction of the data collection and analysis presented here • 

.. 



CHAPTER I I I 

METHODOLOGY 

Introduc tion 

Raw ma t erial type s are common ly utilized as evidence of the area 

exploited by a group. Howe ve r, questions may be ra i sed conce rni ng 

how directly materia l typ es reflect a home ran ge, and the other 

va ri ab l es which might be invol ved. Chapman (1977:439 ) notes that: 

The l ogistica l st rategy of a systems techno l ogical 
com ponent is t he overall strategy t hrough whi ch r aw 
mate ri al s are se lected, transported, and redu ced to tools at 
site locat i ons of tool-us e need. A l og i st i cal strategy of 
this sort must cope wi th several var iabl es re l ated to 
seasonal and diurnal mo vement of t he hu man popula ti on dcross 
the l andscape: relative phys i ca l suitab ility of materials 
fo r tool r educt ion and use , act i vity speci fi c tool use needs 
at spec ific s i te l ocat i ons and t he di s tan ce betwee n such 
s i t e 1 o c a t i o n s a n d s o u r c e 1 o c a t i o n s o f r a VI rn a t e r i a 1 s f r o m 
which tool s can be manufactured. 

Specif i ca lly, site t ype , duration of occupation, season of 

occupat i on, material pre ference , and di sta nce t o source have bee n 

sel ected for analysis . These are not mutua ll y exc lusive categor i es , 

nor are t hey the only factors wllich may af f ect tile ty pes of 1 ithic 

mate rials at a si te. How ever, these five are considered to be among 

the most i mportant var i abl es i nfluencing prehistoric procurement and 

utilization of raw mate ri al s dnd t hus are s i gnificant to the study of 

ra\'1 mate ri al rep resentat ion at a site. 

Site type i s genera lly def i ned by t he types and di stri bution of 

artifacts and debitage present. Sit es which r epresent different 
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types of activitie s, such as camp sites and kill and butchering 

sites, should reflect different patterns of lithic mat eria l 

utilization. Camp sites, where generally a wider range of activities 

are carried out, may be occupied longer t han spec i a l purpose sites 

such as kill and butcherin g l ocat ion s and therefore, a greater 

variety of tool types is expected. In addition, because the loca l 

environment is exploited for hunting and gathering activities and 

local raw materials are likely to be collected and utilized, a \'tide 

variety of mat eria ls are usually represented at a campsite. 

Furthermore, tool manufacture and reworking is necessary to meet tool 

use needs as exhausted tools are discarded and others become dulled. 

These activities produce a l arge quantity of li thic debris including 

waste and reduct ion flakes and manufacture rej ects. In contrast, at 

sites such as kill and butchering loca tions, which represent task 

specific activities, the variety of tools represented is likely to be 

more restricted, and tool working is generally limited to sharpening 

and reworking existing tools. Acquisition of raw material in 

preparation for a kill is li ke l y to result in the exp lo itation of a 

few sources whi ch contain abundant, high quality materials. Reher 

and Frison (1980:128) r efer to this as "gea ring up" and not e that 

kill site assemb lages tend to be dominated by a few distinct lithic 

types representing specific sources. 

The nature of the activities carried out at a site influences 

the procurement and utili zat ion of lithi c materials and their deposi­

tion across the site. Activity areas may result in an uneven distri­

bution of materials over a site. This will aff ec t the kinds of 
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materials, including li thic and art i fact types recovered and thei r 

representation when le ss than 100% of a site is examined . The 

distribution of materials over t he s it e ca n be exam ined f or 

clustering tendenc i es . 

The duration of occupa t ion of a site a ffects the archeo l ogical 

record left behind. Unde r some circumstances , increased durat i on may 

re su lt in an inc reased acc umula tio n of material and probab l y a 

greater utilization of loca l materials. Re occupation of a si te 

before the material from the prev i ous occupat i ons has been buried 

will also increase the accumulation of material . Fri son (1978 :1 2) 

suggests that groups may have r ev isited the same camps ites or 

campsite areas from yea r to yea r. Such reoccupat i on of a site might 

tend to reinforce the representat ion of li thic mater i al s if the same 

sources were explo i ted each year. However, occupat i on of a site 

during different seasons or shift s in the types of act i vities 

performed there could result in different raw materials be in g 

utilized and di scarded. Binford (1982) states t hat multiple 

occupation of a site greatly increases the compl exity of the 

archeological r eco rd. It is likel y that this would pertain to raw 

material representation as we ll. 

The season in which a site is occup i ed may a f fect the types of 

activities performed and also the degree of mobi lity poss i ble. In 

the northwest Plains mobility is great l y red uced in winter , probably 

resu l ting in an increase i n the curat i on of mate ria ls and tools as i t 

be comes more difficult to acquire new lithi c mate ri a l s . The most 

a bundant mater ials at a s i te are li ke l y t o be from the areas most 
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recent l y exp l oi ted and might i ndicate direction of movement within 

the seasona l round (Loendorf 1973), or season of occupation. 

R a 1-1 m a t e r i a 1 p r e f e r e n c e m i g h t b e r e f 1 e c t e d i n s i g n i f i c a n t 

correlat i ons between mater i al types and tools. It might a l so resu lt 

in a hi gh frequen cy of good quality material from a distant source 

r e l at i ve to the amount of r.~aterial from a closer sou r ce . On the 

othe r hand, prefe ren ce for certain raw materia l s might r esu l t in a 

low frequency of the mate ri al, espec i all y in the form of tools, due 

to curation of high quality materials. 

The distance to raw mater i al source areas may be an impor ta nt 

factor in t he r epresentation of mater ials at a s it e. To date, t his 

factor has been most st udi ed in rel ation to lithic source analysis. 

Dista nce to source i s lik ely to provide information on mobility and 

range size (Reher and Frison 1980; Hester and Grady 1977). Dist ance 

to source may influence the amount, type and size of mater i als in a 

s i te . As distance f rom a source area in c reases, t he amount of 

material from that source is expected to dec r ease. Thi s might be 

indicated by t he amount of cortex or the number of ma nufa ctu re 

rejects. However, as distance increases the cu ration of good quality 

mater i al may increase. 

The analysis here assumes that these factors have acted up on the 

sites. However, the degree to which it is possible to i nterpret them 

may vary, as may the i mpo rta nce of each. This research is 1 a rge 1 y a 

comparative study of sites. Intra-site and inte r-sit e comparisons of 

the data are expected to reveal some s i milarities and differences in 

the kinds of r aw mat e ri a l s r epresented. Comparisons of .different 
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levels v1ithin a site may indi cate changes throu gh time , whfle 

comparison of different activity areas with in a site may provide 

infor mat i on on the import ance of sit e function in relation to 

mater ials represented. 

Analysi s of Mater i als and Assemblages 

Analysis of the raw material types invo l ved several stages 

beg inning with the analysis of geologic r aw material sou r ces , 

fo ll owed by identification of th e ra w mater i a l types in the site 

assemb l ages , and finally comput ation of frequencies and perc entages 

of these material types for artifacts (too ls and weap onry) and 

debitage . 

The degree of accuracy and the val idi ty of li thic source anal ysis 

depe nd s upon t he informati on availab le abou t the raw ~ate ri a l 

sou rces. Raw material sa mples from as many areas as possible \ve re 

as s embled , examined , and describ ed fo r compa rativ e purpos e s . Any 

available descriptions or ot her ra \<J material source ac counts v1ere 

also i ncl uded. Geologic maps were us ed to de te rmine the locations 

and extent of exposures of . geo l og i c format i ons which are known 

sou rces of t he materi als. Raw materials fr om fo r mat ions of si mila r 

age but f rom different sou rce locations we re examined care full y for 

s i milarit i es and differences, and d istinctive f eatu r es we re note d 

which mi ght make it possible to dis cern one source a rea f rom another. 

The second st ep was to an a l yze th e artifact assemblages of the 

five s i tes . Th e i nformation co ll ected for tools was: catalog 

n u m b e r , m a t e ri a 1 t y p e , t o o 1 t y p e , c o rn p 1 e t e n e s s , s i z e , \v e i g h t , a n d 
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proveni ence (see Tab l e I I : Too l Cod i ng In fo rm ati on Sheet). Mate r ia l 

ty pes we re iden t i f i ed as acc urate l y as poss i bl e. Some could be 

t e nt at iv e l y assign ed to a s pec ifi c sour ce a r ea , some to a spec if ic 

fo rmat i on but not an actual source a rea , ot hers coul d only be pl aced 

i n d e s c r i p t i v e c a t e g o r i e s w h e n a 1 1 o t h e r i n f o r m a t i o n w a s u n k n o ,., n . 

The t ool type catego ri es empl oyed a r e: Ut ilized fl ake , biface , 

pre f o r m, pr oj ec til e point, cha nn e l fl ake , s c ra per , drill or aw l, 

grave r, and "othe r." The types \·Je r e categori zed accord i ng to the 

f oll owin g de fini t i ons . Ut ili zed fl akes a r e fl akes wh i ch exhibit 

ma r ginal r e t ouch nl ong one o r bot h s ur faces . Chap man ( 1977:378) 

de fin es ma r gin a l r eto uch as r etouc h scars whi ch extend f ro m the 

per imete r edge l ess t han 1/3 of t he surface . Th i s is a broa d 

ca t ego ry inc lud i ng s impl e worked fl akes and i te ms whi ch mig ht e l se ­

where have bee n defined as kni ves or side sc r apers ( see I r wi n and 

Wo rmin gt on 1970) . I n r et r ospect it may have been more useful to 

subd i vid e th e t oo l s within t his grou p. Bi faces , as defined by 

Chapma n (1977 :413) , a re bifac i all y retouched artifacts which do not 

ex hib i t ev i de nce of basa l modif i cat i on. Pr ojec t il e po in ts are 

de fin ed as bifac i a ll y r eto uched a rti facts wh ic h exh i b i t basal 

modif i cation (Chapman 1977 :41 3). Preforms a re de f ined as project il e 

point bl anks whi ch wer e broken in man ufact ure and which l ack ev i dence 

fo r the f inal stages of ma nu fact ure. Thi s tool category was in cluded 

primar il y fo r anal ysis of t he Fol som l eve l of t he Agate Bas in site. 

In t he case of Fo l som poi nts , t he l as t stage of manufacture i s edge 

gr indin g (Fr ison and Bradl ey 1980). Scraper s a re tool s whi ch exh i bit 



Column 

7-11 
13-14 

TABLE II 

TOOL CODING INFORMATION KEY 

Information Cod e 

Catalog number 
*Materia l type 1 

2 
3 
4 

7 
8 
9 

10 
11 
12 
13 
15 

17 

18 
21 

20, 22 
26 
23 
24 

25 
28 

30 
31 

32 
33 
34 
35 

36 
37 

Des cript i on 

Mississipp i an and Pennsyl -
vanian chert 

Lower Cretaceous quartz ite 
Knife Ri ver Flint 
Miscellaneous chert -

br01.,.n speckeled 
Porce llanite 
Moss agate 
Upper Jurassi c Age quart zite 
Mi sce ll aneous quartzite -coarse 
Mi scel l aneou s quartzi te - fine 
Mis ce llaneous chert-other 
Miscell aneous che rt-heated 
Mi sce l l aneous qua rtzit e- very 
fin e grained green 

Misc ellaneous quartz i te - red 
speckeled grey qua rtzi te 

Kni fe River Fl int 
Mis ce ll aneous quartzite-fine 
to med ium grained white 

Petrified wood 

Fl at top-Kimball che rt 
Mis ce ll aneous chert-brown, 
translucent, round inclusions 

Permian Age chert 
Miscellaneous chert-opaque 
white 

Plate cha lcedony 
Misce ll aneous chert -
trans 1 ucent, dull whit e 

Obsidian 
Non-volcanic glass 
Ordovic i an Age quartzite 
Mis cellaneous chert-clear, 
white , chal cedony 

Vitrophyre 
Miscellaneous chert-cl ea r, 
yellowis h chal cedony 

19 



Column 

16-17 

19 

21 

22-26 
28-32 

TABLE !!(continued) 

Informat i on 

Tool type 

Completeness 

Size 

Weight in grams 
Provenience 

Code 

1 
2 
3 
4 
5 
6 
7 
9 

10 
1 
2 
3 
4 
5 
2 
3 
4 
5 
6 

De sc ription 

Utilized flake 
Biface 
Preform 
Project i 1 e point 
Channe 1 flake 
Scraper 
Drill I awl 
Micro-graver 
Other 
Fragment 
Tip 
Base 
Midsection 
Compl ete 
1/4" l/2" 
l /2" l" 
1" 2" 
2" 3" 
3" 

*See Chapter 5 (Geology and Lithi c Raw t~ ate rial of the Study Area) 
for material descriptions. 

20 
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steep marginal retou c h over the distal end dnd possibly along the 

sides. The angle of retouch is generally greater than 25 degrees. 

D r i 1 1 s a n d a w l s a r e b if a c i a l l y o r u n if a c i a ll y ret o u c he d t o o l s \'I h i c h 

exhibit severely constricted distal ends. Micro-gravers are small 

flakes which exhibit retouch producing a sma ll, s harp point. The 

"other" category provided for miscellaneous items which did not meet 

the criteria of the above tool categories. 

The category of completeness recorded whether the tool was a 

fr agme nt, tip, base, midsection, or complete. All items were size 
. 

graded. No material less than 1/4 inch in diameter was examined 

because of the difficulty in determining mate ri a l types on very smal l 

items. The weight i n grams of each item was measured and recorded. 

Prov enience inform atio n varied somew hat accord in g to the site . 

North-south designation wa s recorded when available, as was level. 

One site , Piney Creek, is a sing l e component site with several areas 

rep resenting different activities, and this information was r eco rd ed . 

The information record ed for li th i c debitage was cata log number, 

mater ial type, flake type, platform, size, we ight, and prov e ni ence 

(see Table III). Fl ake type was based on the amo un t of cortex 

present and was recorded according to the following gu idel ines . 

Primary flakes show 50% or more cortex over the surface. Secondary 

flakes have some cortex but it cove r s l ess than 50% of t he surface. 

Terti ary flake s have no cor tex. Cores are c l assified separate ly from 

primary and secondary flak es . Platform was record ed s i mply fo r 

presence or absence, though it was not utilized in analys is. 

This information was recorded on computer forms and ent ered on 
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TABLE Ill 

DEBI TAGE CODING INFORMAT ION KEY 

Column Information Code Descri ption 

7-1 2 Catalog number 
13-14 Material type (Same as fo r tools) 
16 Fla ke type 1 Primary 50% cortex 

2 Seconda ry 50% co rtex 
3 Tertiary 0% co rtex 
4 Core 

18 Pl at fo rm 1 Absent 
3 Present 

20 Size 2 1/4" 1/2" 
3 1/2 " 1" 
4 1" 2" 
5 2" 3" 
6 3" 

22-26 Wei ght in grams 
28-35 Proveni ence 
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' the University of Wyoming computer. Several SPSS programs were run 

to determine frequencies, percentages, and totals of material types, 

tool types, and debitage. Crosstabulation produced counts and 

frequencies of material types by level, tool type, provenience, and 

s i z e. Tot a 1 r a \'I m a t e ri a 1 w e i g h t s f o r t o o 1 s a n d d e b i t a g e w e r e a 1 s o 

calculated. 

Crosstabulations of material type by tool type were intended 

to examine material preference in tool manufacture. The information 

on the kind and amount of raw material used for specific tool types 

could also be compared. Material type was examined by provenience 

for clustering tendencies that might indicate activity areas and 

might also bias the representation of materials recovered fro m a 

site. Material type by size was examined to see if the size of 

debitage correlated with the distance to the source. Frequencies and 

percentages of materials were calculated in the crosstabulation 

proced ures. This information was compiled for intrasite and 

intersite comparisons of material type represent ations and tools. 

Total weights were cal culated as an alternate to nu me rical freq uency 

for measuring the representation of raw material types. 

Area Chosen for Analysi s 

The area of northeastern Wyoming and southeastern Montana was 

chosen for analysis (see Figure 1). This basically compr ise s the 

Powder River Basin and four separate uplift areas which surround it. 

Each area is known to contain raw lithic material which was used for 

tool manufacture by prehis to ric peoples. The uplifts are 
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geologically related but geographically separated features . Some 

work on source analysis has been done within the area (Reher and 

Frison 1980 ; Tratebas 1978; S. A. C. Keller 1971; Loendorf 1973; 

Frison and Stanford 1982a ; Frison 1974) thus providing a foundation 

which could be developed. The author is more familiar with the r aw 

mater i a 1 sources i n northeastern ~J yo m i n g t. han with those i n other 

areas and this was a major consideration in the selection of the 

study area. 

Sites Chosen for Analysis 

Five sites were selected for analysis. They are Kobold, Piney 

Creek, Vore, Hawken, and Agate Bas in (Figure 2). All are buried 

sites located in the area of northeastern Hyoming and southeastern 

Montana. These sites all represent bison kil l s and/or processing 

activities. In addition, camp s ite activities a re represented in 

level 4 of the Kobold site and in the Folsom component of th e Agate 

Basin site. Stratified sites were preferred as they reflect change 

over time. All five sites have relatively large artifact 

assemblages. The collections were re adi ly available for study and 

easily accessible due to their storage in the Depart ment of 

Anthropology at the University of Wyoming. 



CHAPTER IV 

PROBLEMS AND LIMITATIONS OF LITHIC SOURCE ANALYSIS 

There are several limitations to a study such as this one. They 

should be mentioned and seriously considered in order to evaluate the 

analys is and conclusions presented. The primary limitation is the 

general state of the knowledge of raw materials and their sources . 

The study of material types and source l ocations in northeast ern 

Wyom ing i s in a formative stage since all source areas are not known 

or understood. This incomplete knov1ledge leads to problems in several 

areas of materia l identification including determination of raw 

material types and sources . Though some materials can be identifi ed 

by geo l ogical formation and source a rea, other mat e rials, such as 

the Mississippian and Pennsylvanian age cherts and some of the Lower 

Cretaceous age quartzites appear quite simi l ar and at th is po int the 

actua 1 source areas cannot a 1 ways be di st i ngui shed. However, it is 

possible to determine the distribution and loca tion of geo l ogic 

formations and therefore determine closest potential sou rce areas . 

Other materials must necessarily go into descriptive, miscel laneous 

categor ies as they appea r distinctive but are of unknown origin. 

Mi scellaneous raw materials are a l so a problem. t·1ost 

miscellaneous materials are probab ly from loca l cobb le and stream bed 

deposits, though some are very fine quality material and may 

represent distant sources. Tools made of these unident ifi ab l e but 
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high quality materials may ha ve bee n cura ted over great dis ta nces. 

The identification of their source coul d be quite va luable to th e 

delineation of areas which a group has e xploited or to the 

demonstration of groups with whom there has been contact. The 

inab i lity to identify the source of these materials may be valued as 

a los s of potentially significant information. 

The broad categories of site type used (kill and processing site, 

campsite) might also be a problem. Th e variation in activi t ie s 

within ea ch of these types can be great as no site is exactly li ke 

another. However, it is assumed that kill sites are more simil ar to 

each other than to sites representing other types of activities and 

therefore should be comparable. Sequent ial occupation of a site area 

can increase the complexity of the archeological r eco rd. Binf ord 

(1978, 1982 ) has addressed this problem with ethnographi c examp l es of 

site areas serving various fun cti ons at different times by the same 

or different groups. He notes that site function may differ with 

each successive occupation and wi t h di ffe rent seasons of use. It i s 

sometimes possible to recogni ze sequential oc cupat ion within an 

archeological component as at the Vor e and Hawken sites. Howeve r, 

sometimes it is i mpossible to separat e th e indivi dual components, 

such as at the Hawken site, an importa nt consideration for analysis 

and interpretations of the data. 

Curated tools can be use ful as they often represent di stant 

sources and thus provide additional in fo r mati on about areas directly 

utilized or indirect contacts with other areas or groups. However, 

curation also results in the removal of some tools or items, whi ch 



were manufactured and/or utilized, as the occupants abandon the site. 

Tools and materials r ecove r ed from a site therefore do not 

necessarily represent the complete invento ry of items used there. 

The lithi c debitage, however, can often provide informat ion about the 

types and number of tools that were once present on the site (Frison 

1967). 

Trade may be a probl em for interpret ing the r epresentat ion of 

material types because materials which \'tere acquired through trade 

could be interpreted as representing part of a home range. Raw 

material fall-off rates may be useful in identifying trade as 

demonstrated by Earl e and Ericson (1977), Renfrew and Dixon (1966) 

and Renfrew, Dixon and Cann (1968), among others, but when deal in g 

with a few individual sites, fall-off rates from a source area cannot 

be determined. Ho\'Jever, materials acquired through trade would be 

those not available within a group 1s horne range and would thus 

represent distant sources. 

portion of the total 

They would also likely const it ute a minor 

assemblage (See Luedtke 1976:319). 

Additionally, trade is not documented as an importan t el ement in 

Prehistoric Northwest Plains Indian subsistence , though it \'la s \'lell 

developed in histori c times. 

A further limitation to this analysis was the degree of 

comparative similarity of site assemblages a nal yzed. For various 

reasons, only the tool assemblages were analyzed for four of the five 

sites. The debitage, in add ition to the tool s, from bot h com ponents 

of the Agate Basin site were included in this analysis . It was 
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pos s ibl e, t herefore, to examine the signific ance of r avJ mat er ial 

rep resent at ion in t he Agate Bas in sit e more completely. 

The assemblage sizes of the f ive sites also differ. The lar ge 

assemblages are assumed to be mo re us e ful to analys i s. Relative 

frequencies are used in the ana lys is of tool and raw mater ial types 

to compensate for the discrepancy in assemblage si ze. 

Anothe r possible limi tation i s the vali dity of the assumpt i on 

that the lithi c material s from each assemb l age are representa tive of 

the entire assemblage and wil l accurately reflect the behavior v1hich 

produced them. None of t he assemb l ages co nstitute 100% of the 

mate ri a l at the s it e as none were excavated in their entirety. 

However , large areas of each s i te vJere exca vated prov i ding what is 

considered an adequate sample for anal ysis. 



CHAPTER V 

GEOLOGY AND LITHI C RAW MATER IAL SOUR CES OF THE STUD Y AREA 

The materia l pres ented i n this section is summariz ed in Table IV. 

This t able li sts the geo l og i c ages from yo ungest to oldest , t he 

regiona l na mes of th e for mat i ons whi ch are of con cern to th i s 

re search, and t he rock type with a brief desc ripti on. Di scussion of 

r ocks and geo logic for ma tion s over a l a r ge re gi on can become 

conf using beca use of the applications of d if fe ren t l oca l nam e s to 

sim il a r aged formations. Tabl e IV i s int e nd ed to c l ar ify some of 

this confus i on. The distance f rom the analyz ed sites to the source 

areas i s presented in Tabl e V. 

The s it es analyz ed in this thes i s are located in no r theastern 

Wyoming and southeastern Mont ana. This area consi sts pri mar ily of 

the Powder River Basin and surrounding uplifts and vlill be refe r red 

t o a s t h e 11 s t u d y a r e a • 11 T h e P o \'I d e r R i v e r B a s i n i s b o u n d e d o n t h e 

wes t by the Bighorn and Pryor Mount ains, on the south by the Laramie 

Ra nge and the Hartville Uplift a nd on the east by t he Bl ack Hill s 

(see Figure 2). The area i s cha r acte ri zed pr i mar il y by the r ollin g 

grasslands of the Po wder Rive r Bas i n and the juniper and pine cove r ed 

sl opes of the surroundin g upli fts. Ea c h a rea contains sou r ces of 

lithic raw materials whi c h we r e exp l oi ted for too l man ufacture by 

prehistoric inhabitant s of the region. The geology of each area is 

di sc ussed so that th e formations which potentially conta in r ocks 
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TABLE IV 

SU!-'INARY OF FORHATION AGES, REGIONAL NAHES AND RA\-1 MATERIAL TYPES 

Tert1ary 

Lowe r Cretaceous 

Upper Juras s i c 

Permian 

Pennsylvanian 

MlSSlSStppi an 

Or dov tc ian 

Re(c r ence 

Bighorns 
Pryor Mts. 

Clover l y 

Morri son 

Phusphoria 

Tensleep 
Amsden 

Madison 

franc1s 198 1 
Loend!J r f 1973 

Black IIllis 

Fa ll River 

Morr ison 

M1nnekahta 

Minnelusa 

Pahasapa 

Whi tewood 

Tratcbas 1978 

Hartville Uplift 
Ldramie Ranqe 

Cloverl y 

Morr1 son 

Phosphori a 
"Goost.: cgq '" 

Hartvill e 

Guernsey 

None 

Trdteba s 1978 
Kell e r 1971 

Powde r Rive r 
Ba sin 

Fort Union 

fn son 1974 
f red l.JJnd 1976 

Material 
!ype 

Perce llan i te 

Non- vo lcanic 
glass 

Quartzite 

Si l iC lfi ed 
siltsone 

Qua rtzite 

Chert 

Cher t 

Chert 

Chert 

Quar t zi te 
chert 

Di sti nct1vc 
featu res 

Opaque , dull to waxy Jus ter, 
grey, green , black, r ed , yel l ow 

T!"ans lucent , glassy, 1nternat 
gas bubbles , same colucs as • bove 

Med ium t o f1ne g rain 

Fine grain, q r ey ~t reaked with 
dark grey, yellow r ed, blue 

Medtum to fi ne g r a t n , b lue or 
grey 

Transl ucent whttish with whtte 
i nclusions 

Fine gra in, smooth texture, 
purpl e , red, maroon; s ma l l round 
g r een inclus ions 

Opaque, waxy l uste r , somclimes 
banded, wide co lor Cdnqc , 
somet i mes dendc i tt c 

Varieqdted , w1dc color range , 
trdns lucent to opaque , den t rttes 
c orr.mon 

Coarse to med tum qratned 

w 
0 
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SITE 

Kobold 
Piney Creek 
Vore 
Hawken 
Agate Basin 

31 

TABLE V 

THE APPROXIMATE DISTANCE IN KILOMETERS FROM 
SITES TO SOURCE AREAS 

i 
Big Black Hart- Laramie Powder N~/ Po~1der Knife I 

~ Horns Hills ville Range River River River 
Basin Basin N.D. J 

~ 

21 200-250 400 350 0 0 450 
15-20 180-220 270-330 200 40+ 40+ 450 
240 0-40 100-230 230 80-110 250 350 
240 0-40 100-230 230 80-110 250 350 
240 40-60+ 90-140 150+ 50-130+ 300 520 
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The geog r aph i c 

distribution of the formations is derived from geologic maps of the 

study area (Love, Weitz and Hose 1955; Renfro and Feray 1972). It 

should be noted that not all areas where a geologic formation is 

exposed contain materials of similar quality. Descriptions of each 

lithic material type are based on visual characteristics of texture, 

translucence, inclusions present, and color. Munsell color 

designations are used where pertinent and are given in parentheses 

following the color referent. The geologic formations are presented 

from oldest to most recent which is the order in which they occur 

from high to low elevation in the study area. Descriptions are based 

on a number of sources including Tratebas (1978), Frison (1974) , 

Frison and Bradley (1980), Francis (1981), Fredlund (1976), Loendorf 

(1973), the University of Wyoming Lithic Source Collection, and my 

own analysis of many of the materials. 

Raw Material Sources: Geologic Formations~ the Study Area 

In the higher elevations of uplift areas a number of geologic 

formations are exposed over a relatively small area. The Black 

Hills, Hartville Uplift, Laramie Range and Bighorn and Pryor 

Mountains are related land masses. Th e refore, there are many 

similarities in the formations present with some regional va ria tions . 

The areas _are discussed for each age formation. 

Formations of Ordovician Age contain quartzites of variable 

quality. Generally, they range from coarse to medium grained and 

vary in color with white, yellow, grey, pink, red, and purple. Due 
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to t heir genera ll y poor quality for tool manufactu re these rocks have 

not been particula rl y well studi ed in lithic source analysis. Sa mpl e 

collections are rare and poorly documented, possibly because the 

emphas i s has been on the finer quality quartzites of the Lower 

Cretaceous age . 

In the Black Hills the Ordov i c i an Age Whitewood limestone is 

found in the hi ghe r elevations and is li mit ed to the north e rn 

portions of the Black Hills near Deadwood, South Dakota and the Bea r 

Lodge area north of Sundance, Wyoming. Tratebas (1978) does not 

mention the Whitewood limestone as a potentia l raw material source 

f rom the Black Hills. Qu ite possibly i t does not provide material of 

suitab l e quality for stone t ool manufacture. 

There are no exposures of Ordov ician Age rocks in the Hartville 

Up lift or the Larami e Range. The Bighorn Mountains, in contrast, 

have relative l y extens i ve expos ures of Ordovician Age ro cks . 

Undiv ided Camb rian and Ordov i c i an Age ro ck exposu r e i s extensive , 

occu ring f rom the northern to the southern end of the Range. Francis 

(1981) describes these rocks as coarse to medium grained quartzites 

va rying wi dely in color includi ng white, ye llow, grey, pink, red , and 

purple, often with grain - sized black i nclus i ons . These ro cks are 

ge neral l y not of good quality for tool manufacture. A possible 

qua rry i s located near Bil ly Creek (T48N , R84W) on the eastern slope 

of the Bighorn Mountains. 

Loendorf (1973:58) reports quartz i tes from the hi ghe r elevati ons 

of the Big Pryor Mounta in. The materia l is k no ~vn locally as Big 

Sp ring s Qua r tz it e. Based upon its l ocat i on and Loe ndorf's 
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description, the material may be of Ordovi cia n Age. The color range 

includes light tan, pink, and dar k brown, and they are oft en banded. 

The material is opaque with dul l surface luste r. 

Loendorf (1973 :57 ) also reports chert s imbedded in the Ordov ici an 

Bighorn Dolomite in the Pryor Mountains. They are foun d bet ween 5000 

to 7000 feet in elevation and a ll have a wa xy luster. Accord i ng to 

Loendorf some of t he cherts vary in co lor from white, to t an to pink. 

One variety rang es from l avender to purple and i s fou nd in primary 

quarries on the south\'leste rn s l ope of the Pryors . 

Th e formations of the Mississippian Age contai n good quality 

cherts which were used exten sively by the prehistori c inhabitants of 

the reg i on. The chert i s hi ghly variable in textu re and co l or, 

i n c 1 u d i n g w h i t e , y e 1 1 o w , o r a n g e , r e d , p i n k , p u r p 1 e , g r e e n , b r o \·1 n , 

tan, bl ack and combi na t i ons of these . An atte mpt was ma de to 

precisely quant ify the co l ors on a Munsel l color chart . However , the 

range of colo r vari ation was so great as to make the inform ation 

vi rtua·lly meaningless. These rocks range from dull to high 1 uster , 

and from translucent to opaque and some have dendriti c inclusi ons. 

In t he Black Hill s these rocks are named the Pa ha sapa Formation 

and make up part of the Limestone Plateau. These rocks are similar 

in appea rance to t he correlati ve Mad i son and Guern sey Formations of 

t he Bighorn Mountains and Hartville Uplift, respectively. However, 

the raw material i n samp l es of Mississippi an and Pennsy l vanian age 

cherts from the Black Hill s i s of poo r quality. It i s suggested that 

so urces of good quality cherts ar e very li mi t ed in the Bl ack Hi l ls . 
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Tratebas (1978) describes the Mississippian and Pennsylvanian Age 

Formations in the Bl ack Hills but admits to probl ems in locating 

actual procurement areas or quarries of good quality material 

(personal communication 1980). Unfort un ate ly, our incomplet e 

knowledge of these materials presents certain analytic limitations. 

For the present it will be ass umed tha t the range of var i at ion i s 

similar to that of the Hartville Uplift material and, thus, no 

distinction will be made between the source areas. 

The Guernsey Formation is the na me gi ven to these Mississippi an 

1\ge rocks in the Hartville Uplift. The Hartville Uplift is an 

anticline exposing areas of the Guernsey Formation on the west slope 

and along the eastern edge at the contact with the Pre-Cambrian 

rocks. In addition to the other colors, solid orange colored 

dendritic cherts are common from this area. Th ese range from 

translucent to opaque, with luster, r angi ng from dull to high. 

Ch e rts from the Guernsey Formation ar e sometime s re ferre~ to a s 

11 Spanish Diggings cherC and as 11 Hartville chert 11 in the literature. 

Exposures of Mississippian Age Format ion are not documented for 

the Laramie Range. This uplift, then, will not be considered as a 

source of this material. 

The Mississippian Age Madison Formation in the Bigho rn Mountains 

contains good quality cherts which were us ed extens iv e ly by 

prehistoric populations in the area (Fri s on a nd Bradley 1980:1 3) . 

The best known source of these mate r ials is prob ably the Spanish 

Point agate quarry (4 8BH 85) on the wes t slope of the mountains. 

Spanish Point agate is very fine grained with very smoot h texture. 
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It is translucent, with colcr va riation including white, light grey 

and red (lOR 5/3) with yellow, grey and bl ack mottling. 

Pennsylvanian Age Formations also contain cherts which were 

utilized by prehistoric peoples for tool ma nufactur e. These, too, 

vary in color and t extu re. They may be va riegated, solid color or 

ba nded. Colors incl ude tan, brovm, orange, red, pink, purple , \-'lhite, 

yellow, grey and green. These cherts are generally opaque and ha ve a 

waxy luster. Some of the material has dendritic inclusions . 

The Pennsylvanian Age Minnelusa Formation of the Black Hills 

makes up the outer edges of the Li mestone Plateau. Tratebas (1978) , 

notes that some of the banded forms of these cherts are known l ocally 

as Tepee Canyon agates. 

The Pennsylvanian Age Hartville Formation is exposed over a large 

area of the Hartville Uplift. Good quality cherts occur primarily in 

the upper three divisions of the Hart vill e Formation~ particu lar ly in 

divisions II and I I I (S. A. C. Keller 1971:16). These cher ts have a 

waxy luster and are opaque with a wid e variety of co l ors . S. A. C. 

Keller (1971:194) states that colo r va ri ation is so great and occurs 

over such short distances that it is not useful as an indicator of 

specific sources of chert within the uplift. 

In the Laramie Range, exposures of the Hartville For ma tion are 

restricted in extent. On the west side of the r ange t he roc ks 

outcrop between Marshall and Little Medi cine at the contact with the 

Pre-Cambrian rocks. There are known quarries around 11arshall (T27N, 

R75W). Another exposure of the formation is ev ident on the east side 
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of the Range from Es te rbrook north. 

Expos ures of th e Pennsylv anian Age cherts in the Bi ghorn 

~1ountains, in contrast to the Larami e Range, are widespread. In the 

southern end of the Bighorn Mountains, wide bands of the 

Pennsylvanian Age Tensl eep and Amsden Format i ons are exposed on the 

east and west slopes. North of Hazelton Peak (T48N, R85\n exposures 

on the east side ar e reduc ed to thin bands, whil e those on the west 

side do not reduce in width unti 1 north of the town of She ll, north 

of T5 6N exposures are scattered. 

In the Pryor Moun tains exposures of Pennsy l vanian rocks are more 

evenly distributed than in the Bighorns. As previou s ly mentioned 

Loendo rf (1973:57) desc ri bes one type of Pryor Mounta in chert as 

va ry in g in color from white to t an to pink. This de sc ri pti on fits 

the Pennsylvanian Age rocks of the Bi ghor ns and i t i s like l y t ha t 

they are this age. 

The Mississippian and Pen nsy lv ani an Age chert s are combi ned in 

one category in the lithi c analysis of this repor t . Th e visua l 

distinction between the roc ks i s not always clear. In additio n, 

exposu r es of this material generally co-occur and thus re present 

similar areas of exp loitat i on . 

Cherts occur in t he Permian Age Format i on. These are opaque and 

range fro m dull to sh iny lu s t er. Co l or varies from l ight to dark 

purple to red (lOR 3/3 to 3/6) and maroon. Small, round li ght green 

inclusi ons may occu r in the mater i al . Cortex is a cha lky material. 

In the Black Hill s the Minneka hta Formation contains a dark red, 

opaque chert, some of wh ich contains the green ish col ored inc l usions . 
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There is some question, however, as to whether thes e cherts are 

actually from the Permian Age Minnekahta Format ion or the underlying 

Triassic Age Spearfish Formation. Upon exa mination of these cherts, 

Love (personal communication 1981) noted they are more chara ct eristi c 

of the Minnekahta than the Spearfish Formation. No cherts are 

recorded from other areas where these Tria ssic Age rocks are exposed 

(Chugv1ater Formation). Also, these cherts very closely resemble the 

Phosphoria cherts of the Bi ghorn Mountains . Given th is information, 

it is poss ibl e that these roc ks are from the Minnekahta Formation. 

In the Hartville Uplift these rocks occur in what i s known as the 

Phosphoria Formation. Exposures are limited to small areas north and 

west of Glendo (T29N, R68~1) (Condra and Reed 1935). 

Exposures of Phosphoria, or Goose Egg Formation, are limited in 

the Laramie Range to areas at the north end of the Range (T32N, R80W; 

T30N , R79W; T30N, R76~1; and T31N, R7211). The Lara mie Ran ge is not 

known to be a good source of this material. 

Exposures of Phosphoria Formation in the Bighorn Mountains are 

li mited to the southern and nor thern ends . In the south it is 

exposed south of Nowood (T42N, R88W) east of Badwater (T39N, R88W) 

and west of Kaycee (T43N, R82H). The materia l is again expos ed 

between Greybull and Lovell and then west of Sheep Mountain (T57N, 

R92W). Bighorn Phosphoria chert is generally of very good quality. 

In the Pryor Mountains exposures of the Phosphoria Formation are 

limited to thin bands on the southwest slope of the mountains (T5S, 

R27W and from T7S, R26\-J dow n to T9S, R2HJ). loendorf (1973:57) 
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reports that there are four or five known quarr i es of this mate rial 

on the southwest slope of the Pryors. 

Th e Upper Jurassic Age Morrison Formation co ntain s three 

fairly distinct materials t hat were used for tool manufacture. The 

most common is a silicified siltston e of very fine grain known 

generally as 11 Morrison quartzite. 11 These are most common l y light 

grey in co lor though light blue, yel l ow and r ust color are a l so 

found. They ar e streaked with a lighter grey, light blue, yellow or 

rust color. This mat erial resembles some of the Tongu e Riv er 

s ili cified siltstone found in lag deposits in westen South Da kota and 

southwestern Montana (Ahler 1975; Ge r a ld R. Clark, pe rso nal 

commun i cat ion 1982). The t~1 orri son Formation a 1 so contains a medium 

to f ine grained quartzite which is l ight grey to light blue i n color 

wit h grain-sized black specks. The third material found in this 

formation is know n as Morrison che r t . One variety is a c l e a r or 

greyish cha lcedony, which often conta in s c ircu l ar inclu s i ons. Other 

varieties of che rt i nc lude de e p r ed, blueish-white, and \'lhite, and 

are often variegated (Frison and Bradley 1980:12). They ran ge fro m 

opaque to translucent. 

Thin bands of Morrison Formation are exposed on the south, east 

a nd west s i des of the Black Hills, howev e r, the formation is mu c h 

more extensive in the northwestern part of the Bl ac k Hi lls in Wyom ing 

from Newcastle north. Trat e bas (1 978 :1 35 ) r e port s that s ources of 

the Morrison silicified si l tstone ha ve bee n l ocated onl y in the 

s o u t h \'/ e s t e r n a n d n o r t h e r n e n d s o f t h e B 1 a c k H i 1 1 s • T h e 1 i g h t b 1 u e 

silicified siltstone seems to be more common in the Black Hills than 
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in the other source areas. The fine grained light blue quartzite 

with bl ack , grain-sized inclusions is also found there. 

No Morrison silicified siltstone, quartzites or cherts are known 

from the Hartville Uplift. While it is possible the material does 

exist here, based on present knowledge the Hartville Uplift will be 

eliminated as a possible source of this material. 

Exposures of Morrison Formation are limited in the Laramie Range 

with a distribution similar to the Pennsylvanian Age Hartville 

Formation. Morrison silicifi ed siltstone is known to occur, though 

not in great quantity. 

The Morrison Formation in the Bighorn Mountains is exposed in a 

thin band along the east side of the range, though this exposure is 

somewhat wider from Barnum (T43N, R84W ) south. On the west side of 

the range exposures are narrow from Tensleep (T47N, R88W) south while 

to the north the formation is slightly more extensive but patchy. A 

known quarry of this mat erial is locat ed about one mil e west of 

Tensleep along Highway 16. The range of material in this quarry 

includes the grey and yellow streaked silicified siltstone as well as 

a medium to fine grained blueish-grey quartzite \vith bl ack grained 

size inclusions. A translucent chalcedony is also found here in t he 

Morrison Formation (Francis 1981 ). In addit ion to these, Fri son and 

Brad ley (1980:12) note an opaque, though sometimes translucent yellow 

chert from the Morrison Formation. 

Loendorf (1973) does not report any Morrison Formation materials 

from the Pryor Mountains though there are rocks of Upper Jurassic Age 
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exposed. Therefore, fo r the purpose of this analysis, t he assumption 

will be t hat this is not a source area for this material. 

The Lower Cretaceous Age For mat i on contains good qua li ty 

quartzites whi ch va ry from medium to f i ne gra in in different areas . 

Th e co lor range in c ludes brO\'I n, tan, orange, red, purple, gr ey , and 

nearly black. There appears to be some color distinction between the 

different source areas. 

In t he Black Hills, the quartzites are mediu m grained and found 

in the Fall River sandstone of the Hogback Ridge . Fall River 

sandstone is expos ed all around the Bl ack Hills with the greatest 

exposu re in t he southe rn and northweste rn areas (Tratebas 1978:135). 

The best known quarri es are in the southern part of the Black Hills. 

Th ese a re Flint Hill, Pa r ke r Peak , and Battle Mounta in. The Bl ack 

Hills qua rtzites tend to have green i sh-brown and grey tones to them. 

The Cl ove rly Format ion in the Hartville Upli ft contains fine and 

medium grained quartzites. Similar materials al so occur in the Old 

Homan Anticline which i s approximately 50 kilometers to the north. 

The med ium grain ed quartzites of these two areas are sim il ar in grain 

s ize to those of the Black Hill s but t hey genera l ly have more purple 

and ye ll ow i sh tones. The di st inction is visi bl e in the quarry 

sa mples from the two areas but i s not always di stingu i shable in smal l 

pieces of debit age. Th e ve ry f in e grained quartzi tes of the 

Hartville Uplift and Old Woman Ant icline are quite dist i nctive from 

the Black Hills quartzites . The Spa ni sh Di gg ings qua rry (48N050) i n 

the Hartville Uplift is the best known locality (T31N , R67W). Witzel 

and Hartl ey (1 974) reported a s ignifi ca nt difference in gr ai n s i ze 
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and color range in material samples from the Spanish Diggings quarry 

and samples from Flint Hill quarry in the Black Hills. 

In the Laramie Range the Cloverly Formation has the same limited 

distribution as that described for the Jurassic Age Morrison 
I 

Formation and the Pennsylvannian Age Hartville Formation. Few 

sources of good quality quartzites are known from the Laram ie Ra nge 

and it is therefore given less consideration as a potential sauce of 

these quartzites. 

Exposures of Cloverly Formation in the Bighorn Mountains have the 

same distribution as the Morrison Formation discussed previously. 

The Cloverly Formation in the Bighorns contains med ium-grained 

quartzites. 

The Powder River Basin makes up the largest geographic por-

tion of the study area, extending from the cent ral portion of eastern 

Wyoming into southeastern Montana. The Tertiary Age Fort Union 

Formation of the Basin contains two related materials that were used 

for tool manufacture. These are porcellanite and non -volcani c glass 

(Fredlund 1976; Frison 1974). Both materi als are metamorphic rocks 

formed by the inten se heating of clay depos its above burning coa l 

beds. Sources of porcellanite are much more common than sources of 

non-volcanic glass. Porcellanite is a dull to waxy, opaque mate rial. 

Color variation includes red and maroon (lOR 4/1 through 4/3 , l OR 3/1 

through 3/3, 104 2.5/1 through 2.5/2), grey-green, black (2.5YR 2.5/0 

though 6/0, lOYR 2/1 through 7/1, 5Y 4/1 throu gh 7/1) or grey , 

usually found in solid colors, though it can be banded. A gl assy , 
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opaque porcellanite i s known f rom the Powder River Bas in in Monta na. 

It ha s been referred to as vitreous porce ll anite, or vitrophy re, and 

often contains small, bl ack , dendriti c-li ke inclusions. The qual ity 

of materia 1 s from the Fort Un i on Formation vari e~ly over the 

area. The highest quality materi al seems to be from the northe rn and 

western part of the Powde r River Basin around Sheridan, ~lyoming and 

Decke r, Montana. Sources of non-volcanic glass are r elatively rare 

and tend to be re s tricted to the norther n portions of the Powd e r 

River Bas in, especially in Montana. This is a glassy material found 

with the same color range as porcellanite. It can be translucent or 

o p a q u e , a n d h a s t i n y g a s b u b b 1 e s vi h i c h a r e v i s i b 1 e u n d e r a 1 0 X h a n d 

lense, and often visible to the eye \·iithout ma gnifi cat ion. Some of 

the material looks similar to ob s i dia n but ca n generally be 

di stinguished by the small gas bubbles 1vhich often produce a slightly 

f oggy appearance. Most porcellanite and non-vol ca nic gla ss is 

available on ridgetop outcrops, though there i s evi dence of 

excavation of pit s for mater i al procurement (Carbone 1972). 

Other Raw Mater i al Sources 

Several other material types are fou nd in sites in the study area 

but have not been accounted for in the preceeding discussi on of the 

geo logy. One of these mat e ri als i s moss agate. Th e material i s 

generally a c l ea r or translucent whitish c hert with de ndri tic 

i n c 1 us i on and us u a 11 y h a s a d u 1 1 1 u s t e r. T h i s mat e r i a 1 i s k no vi n t o 

o c c u r a s 1 a g g r a v e 1 i n t h e a r r o y o s o f e a s t e r n \~ y o m i n g a n d w e s t e r n 

South Dakota espec i a 11 y around the ar ea of Lu sk and Moore roft. It 
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is also reported in nodular form along the Ye ll owstone River Valley 

north of the Pryo r Mountai n- Bighorn Canyon area (Loendorf 1973:59). 

There may be ot her sources of this mater i al in the study area . 

A wi de variety of pertrified wood is found in assemblages in the 

study area. Colors include translucent tans, browns, and a yellowish 

11 c h a 1 c e do ny- 1 i k e 11 mater i a 1 as 1-1 e 1 1 as opaque browns and b 1 a c k. 

T r a n s 1 u c e n t t a n a n d b r o w n p e t r i f i e d w o o d o c c u r s i n t h e L o ~~ e r 

Cretaceous Age Dakota Formation of the Bl ack Hi 11 s (Trat ebas 

1978:38). Mater ial of similar appearance also occurs in northwestern 

South Dakota and northeast e rn Wy om in g, but the geologic source is 

unknown. Good qua 1 i t y petrifi ed wood i s reported a 1 ong the Powde r 

River in Hyoming (Reher 1979:213) . 

Pl ate chalcedony is known to occur in the Badlands of South 

Dakota (Tratebas 1978 :38). Thi s materia l outcrops i n the White Rive r 

Formation (Ahler 1975). It occurs in thi n plates of whitish or grey 

translucent cha lcedony with a rough, wh i te patinated surface or 

cortex. 

Two other materials are known to occur in western South Dakota, 

east of the Black Hills. One i s a translucent dark-brown chert, with 

du ll luste r and a rou gh tan cortex . The mater i al is sometimes 

compared with, or mistaken fo r, Knife Ri ver Flint. Ho\'1ever, unli ke 

Knife River Flint, the color is very blotchy with sma l l dark -brown 

specks . Th is may be the "Flat Top chalcedony" from along the I.Jhite 

River near Scenic , South Da kota reported by Tratebas (1978:38) . The 

other mater i al from east of the Bl ack Hill s is a greyish-brown (5YR 

4/2) chert, with dull lu ste r, and a smooth white, chalky co r tex. 

J 
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Both materials are grouped into th e category of Knife River Flint­

like (K RF-like) mat erial. 

Three other mate ri a 1 sources were recogn iz ed in the assemblages 

analyzed. These are Knife River Flint, obsidian, and Flattop-Ki~ball 

chalcedony. Knif e River Flint occurs as pebbles, cobbles, and 

boulders in secondary deposits of Pleistocene Age in the Knife Rive r 

Vall ey of western North Dakota. It is a translucent, dar k-brown 

silicious material which exhibits "intern al sedime nt ary structures 

consisting of irregular parallel layers and lenses of darker flint 

about a millimeter thic k" (Clayton, Bi ck l ey , and Stone 1970:287). A 

white or light grey patina, sometimes with a yellow stain , often 

forms over the surface. 

Flattop-Kimball chalcedony is a good quality s ilicious material 

which occurs in the Pliocene Age Kimball Format i on of northeaste rn 

Colorado and southwestern Nebraska. One extensive quarry i s located 

on Flat t op Butte, northwes t of Sterling, Colorado, in Logan County. 

The mat eri a 1 from Flat top Butte inc 1 udes a homogeneous trans 1 ucent 

ta n {7.5YR 5/2) mat er ial, tr ans lu ce nt tan, bro\'/n {7.5YR 4/2) , or 

purple {lOR 5/2) all with faint r ed mott ling and roun d in c lu s ions, 

and a n opaque light purple (lOR 5/2 t hr ough 6/2 ) some of which is 

slightly banded and has dark purpl e irregul a rl y s haped inclu s ions. 

Cortex i s a smooth, ha rd, whit e chert, often pit ted. 

The c los es t source of obsidian to the st udy a rea i s in the 

northwest co rner of Wyoming around Jackson and Ye ll owstone National 

Park s . The material i s a glassy black, tran s lucent, sometimes 
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banded, igneous mat e rial. It i s usually distinguishable f rom non­

volcanic glass of the Fort Union Formation by the t iny gas bubbles 

and sometimes 11 foggy" appearance of the 1 atter. 

Basalt also occurs in primary sources around Yellowstone Nat ional 

Park. Within the study area it is found in secondary deposits along 

the northern end of the Pryor Mountain-Bighorn Canyon area and in the 

Wind River Basin of Wyoming. Loend orf (1973:60) rep orts severa l 

basalt quarries along the ancient Shoshoni River bed just north of 

Warren, Montana. These quarries are below 885 meters i n elevation. 

He describes this material as opaque, black with large grained 

texture and dull luster. 

Miscellaneous Materials 

Several raw mat e rials found in the assemblages cou ld not be 

identified by geologic formation or source area. These were placed 

in categories of mi scellaneous materials (see Tabl e II). Materials 

which appeared distinctive were provided separate descr ipti ve 

categories. These include a very fine grained green quartzite, and a 

grey, medium grained quartzite ~lith rust colored inclusions ("red­

speckled grey quartzite"). This grey quartzite has been reported 

from the southeastern portion of the Bighorn Mountains and from the 

Hartville Uplift south of Manville, though the geologic source is 

unknown. Also included in the categories of miscellaneous qua rtzit es 

are a fine to medium grained white material, and general categor ies 

of coarse grained and fine grained quartzites for non-distinctive 

materials. 
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The r e are seve r a l categories of miscel l aneous cherts. Several 

materi als exhibited a crackled surface indicative of in tense heating. 

Thermal al teration of these cherts often made source i dent ifi ca tion 

i mpossible, and these materials were pl aced in a separate category. 

A brown translucent chert with round inclusions was noted. Cortex on 

the materi al was indi cat i ve of a ri ver cobb l e, but geologic source i s 

unknown. Seve ral varieties of translucent and opaque white cherts 

were found . These mate ri al s appear to be fa i rly common i n the site 

assemblages, but the source i s as yet unknown. Cherts whi ch were of 

unknown origin and not distinctive were pl aced in a mi scel l aneous 

ca t ego ry of "other". 



CHAPTER VI 

SITES SELECTED FOR ANALYSIS 

The five sites selected for analysis are buried or stratified 

sites in the region of northeastern Wyoming and southeastern Montana. 

These sites range in age from Paleoindian to Late Prehistori c, thus 

r ep r ese nting a long ti me span from which to examine change in 

material type utilization. Inform at i on about each site is summarized 

in Table VI. 

The Kobold Site 

The Kobold site, 24BH406 (Frison 1970), is l ocated at the head of 

Rosebud Creek in the Powder River Basin of southern Montan a at a n 

e l evat ion of about 1360 meters. The site contains four components. 

The early Plains Archaic component (level 1) is a camp with no 

evidence of kill activities. The ~Iiddle Plains Ar c hai c (level 2), 

Late Plains Archaic (level 3) and Late Preh istoric (leve l 4) 

components represent bison jump and butchering activities. The Late 

Prehistoric component contains ev i dence of occupat ion of th e rock 

shelte r under the overhang of the j ump -off which i s believed to be 

contemporary with the butchering activities. Th e Early and Middle 

Plains Archaic components represent s ingl e events 1~hile the depth of 

deposits in l evel 3 and variation in projectile point sty l es in level 

4 suggest a long span of use for these two components (Frison 1970). 

Season of bison jump event s appears to be the fall, dete rmined from 



TABLE VI 

SUMMARY OF SITE INFORMATION 

Site and 
Reference Type Level/Age Season 

Kobold Camp 1 Early Plains Archaic Fa 11 
24BH046 kill/butchering 2 Middle Plains Archaic Fa 11 
Frison 1970 kill/butchering 3 La te Plains Archaic Fa 11 

kill/butchering 4 Late Prehistoric Fa 11 
and camp 

Piney Creek 
48J0311 camp Late Prehistoric Fall 
48J0312 kill/butchering Late Prehistoric Fa 11 
Frison 1967 

Vore 
48CK302 kill/butchering 1-10 Late Prehis t or ic Fall-
Reher and Summer 
Fri son 1980 

Ha\~ken ki ll /butchering Early Plains Archaic Hi nter 
48CK303 
Frison, Wi 1 son 
and Wilson 
1976 

Agate Basin kill/butchering Folsom Fall / 
48N0201 and camp Hinte r 
Frison and kill/butchering Agate Basin Fall/ 
Stanford 1982a vii nte r 
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stages of tooth erupti on on mandib l es (see Frison, Hilson and Wi l son 

1976 fo r a com plete ex pl anat i on of seaso nal de t e r min at i on fr om 

mandible stu dies) . 

Pi ney Creek Site 

The Piney Creek sites, 48J0311 and 48J0312 (Fr i son 1967), are 

l ocated in the foothi ll s on the east si de of the Bighorn Mountains on 

the south si de of Piney Creek about 19 kil omete rs north of Buffal~, 

Wyoming. Site 48J0311 cons ist s of 20 stone circles and artifacts on 

the old ri ve r terrace above Piney Creek. This is a surface site with 

relatively littl e material and i s not dea lt wi th in this analysis. 

Both sites, 48J0311 and 48J0312, represent the Late Prehistoric 

Period. Pottery from 48J0311 i s att r ibuted to the Crow Indians. The 

stone circle site may have been the camp used dur i ng the bison kill 

thoug h there is no definite evide nce. Locat ion of the camp on an 

exposed ridge and knowledge of bison behav ior suggest that the kill 

occurred during the fall of the year (Fri son 1967). 

Vo re Site 

The Vore site , 48CK312 (Reher and Fri son 1980) , is located in the 

Red Valley, an open grassy area of t he Black Hills i n nort heastern 

Wyoming. The site i s a late Preh i storic Per i od bis on jump with 

evidence of up to 22 separate mi ddens of bison bone. An estimated 

15,000 to 25 ,000 bison were dri ven into the l arge pseudokarst sink 

between A.D. 1500 and 1800 (Reher and Fris on 1980 :62). Mand i bl e 

analysis indi cat es the site was used during the fall or ea rl y winter 
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and possibly through the winter with another peak in late sp rin g or 

early summer. This is a greater range of seasons t han i s eviden t at 

most ki ll sites in the Pl ains (Reher and Frison 1980). 

Hawken Site 

The Hawken site, 48CK303 (Frison, Wi l son and Wil son 1976) , is 

located in the Bl ack Hills of northeastern Wyoming about seven mi les 

south of the town of Sundance. The site represents three arroyo trap 

bison kill events within a short period of time during the Early 

Plains Archa i c. Analysis of bison mandibl es to estimate the minimum 

number of individuals indicates that. nearly 100 bison \'ie re kill ed at 

the site through its period of use. Based on tooth eruption of 

mandibles, seasonality of the kill event, was determined as winter 

(December or January). A large proportion of the arti facts from the 

site were recovered from areas of unauthorized excavat ion and there ­

fore were not distinguished by level. Therefore, the entire assem ­

blage was ana lyzed as one unit. Frison, Wilson and vJilson (1 97 6:37) 

have suggested that the site was ut il ized repeatedly by a single 

cultural group. 

Agate Basin Site 

The Agate Bas i n site , 48N0201 (Frison and Stanford 1982a), is 

l ocated in eastern Wyom ing between the Black Hills and the Hartville 

Uplift. The site contains three compo nents: Folsom, Agate Basi n, 

and Hell Gap. The Hel l Gap l eve l cont ained relati vely li tt le 

mate ri a l and will not be an alyzed . The Folsom and Agate Basin 

comp onents repres ent arroyo trap bi so n kill an d butchering 
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r 
r activities. The exact location of the kill associated with the Agate 

B a s i n 1 eve 1 mate r i a 1 h a s not been de f i n i t e 1 y de t e.r m i ned. 

r Additionally, the Folsom component exhibits evidence of post kill 

occupation of undetermined length. Based upon tooth eruption 

r schedules of bison, the season of both kill events is determined to 

r be 1 ate fa 11 or ear 1 y winter. 
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CHAPTER VII 

RE SU LTS OF ANALYSIS OF RAW MATERIALS AND ARTIFACT ASSEMBLAGES 

Introduct ion 

To anal y ze the va ri ous f act ors (site type , duratio n of 

occupation, season of occupati on , materia l preference , and di stance 

to source) , raw material and tool t ype frequencies were calcu l ated. 

Because the size of the as semb l ages is extreme l y va riable, t he 

relative frequency of items is considered to be more accurate th an 

actual frequency and, theref o r e , used for mos t comparisons. 

Frequencies based on wei ght ar e used most oft en i n thi s analys i s 

for repo rting and compa ring raw mate ria 1 t ypes. Si nee this research 

deals primarily with the quantity of materials which have bee n 

acquired and transported from va rious source areas , the bulk of 

materia 1 is the primary concern. The ana 1 ys is proposes that weight 

is a more uniform and comparative unit of measure than the nu mbe r of 

items, primarily due to differential size of items. For example , a 

site with 100 small flakes is not necessa ril y similar t o a s i te wit h 

iOO large flakes becau se more material is represented in the latt er. 

However, in dealing with tool ty pes , the number of it ems is us ed 

instead of weight primarily because the size of the artifacts within 

a single tool category can vary con s iderably. The sites sel ected for 

analysis exhibit a long time span over which the style and si ze of 

proj ectile points ha ve changed. If weight were used for compa ring 
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categories of tools, a Late Prehistoric s it e with 20 pro jec tile 

points might appear equa l to a Paleoindian s it e with on l y three 

points due to the difference in projectile point s iz e. 

The analys i s of the s ite assemblages dea l s on ly with the lithic 

materials. As used here, therefore, the term artifact refers only to 

the lithic tools and projectile points of the assemblage and does not 

include items made of bone, wood, or other materials. 

Site Type: Artifact Frequencies and Diversity Indices 

As a basis for comparisons of raw material f r equencies, the 

assemb lages of tile sites were examined to determine the extent to 

which the sites are similar in function. In addition, artifact (tools 

and projectile points) and materia l type diversities \vere examined 

with reference to th ei r utility in reflecting site function . All 

assemblages analyzed exhib it some variabi lity in the re l ative 

frequency of artifacts repres ented , as is illustrated in Figures 3 

and 4, but overall they appear similar in the limit ed range of tool 

types represented and in assemblages dominated by projectile points 

and utilized flakes. The cumulative graphs of tool type frequency 

illustrate these similarities and differences (F igure 5, 6 and 7). 

The greatest variability betwee n the assemblages i s in t he 

u t i 1 i z e d f 1 a k e a n d p r o j e c t i 1 e p o i n t c a t e g o r i e s • H a \v k e n , V o r e , 

Kobo ld , and Piney Creek kill areas have low percenta ges of ut ilized 

flakes and the hi gh frequencies of projectile points. The 

representation of a rtifa cts for level 1 of the Kobold site appea rs 

somewhat distorted considering that the analyzed tool assemblage 
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consists of only one bifac e and e i ght projectile points. Frison 

(1970:9) reports an additional co re and 60 flakes in l eve l 1. The 

lack of utili zed flak es and scrapers and rela ti vel y high propor tion 

of projectile points is unex pect ed for a campsite. The ca mp appea rs 

to have been used for a short du rat i on and st rongl y oriented toward 

hunting with evidence of few activities at the site it sel f. 

The Agate Basin Folsom l evel, Kobold level 4 and Piney Creek 

site represent campsites in addition to the bison kill and butchering 

activities. Evidence for campsites suggests a greater nu mber of 

activities and possibly a longer period of occu pation t han ex i sted 

wi t h occupat i ons represented i n the other s it e compo nents . Th e 

assemb l ages of the Folso m l eve l of th e Agate Basin s it e , l eve l 4 of 

Kobold and t he Pin ey Creek s it e have a greate r va ri ety of ar t i fact 

types than is found in the other assemb lages (Figures 5 and 6) . Thi s 

probably reflects add iti onal activit i es associa ted vJith the camps ites 

and possibly also th e len gth of occupat i on. At Pin ey Creek the 

campsite is associated with, but separate from, the kill and butch­

ering areas, whil e in the Folsom l eve l of the Agat e Bas in site and 

l eve l 4 of Kobo ld t here is li ttle or no separation of them. 

The assemblage of the Ag ate Bas in l eve l of th e Agate Basin si t e 

also exhibits a wide range of tool types, though no cam psite is known 

to be associ ated with i t. The range of t ool types in this assembl age 

i s much gre ater than the r ange ex hibit ed in the other fo ur kill and 

processing assemblages (Kobo ld leve l s 2 and 3, Hawke n, Vor e). 

Possibly there was a cam psite associated with the Agate Basi n site , 

Agate Basi n component; however , the location has not been found or it 
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has been eroded away. 

There are differences between the artifact asse mb l ages of the 

kill a rea and the butchering are a of the Piney Creek site, as mi ght 

be expected (Figures 3 and 6). The ki 11 area has a very high propo r­

tion of points (74%) relative to the other tool typ es an d only fou r 

art ifact categories are represented (Numbers 1, 2, 4, 6, 7; refer to 

Table II for key to tool types). The butcherin g location has 

relatively few points (14%) , but a high frequency of utilized fla kes 

(63% compared to 19% for the kill area) a nd s i x too l catego ri es 

represented (Numbers 1, 2, 4, 6, 7, 10). In addition, mo re arti facts 

were recovered from the butchering l ocat i on (401 it ems) t han f rom t he 

kill area (169 items). The activities of the two areas would seem t o 

account for these diff e rences becau se t he butchering activit ies 

require a wi der range of tools than are necessa ry for the ki l l. 

As might be expected for specia liz ed act ivity sites where no 

camps ite activities are evident (Figures 3 and 4) , the artifact 

assemblag es of the Piney Creek kill area, Kobold level 2, Kobold 

lev el 3, Hawken, and Vore sites exhibit a limited range of tool 

types . In addition, the same four catego ries of t oo l s are 

represented in these five assembl ages (Numbers 1, 2, 4, 6). 

All of the assemblages ana l yzed demonstrate some unique 
. ' 

characteristics, yet they are s imilar in that they exh ibi t a 

relatively narrow ran ge of tool ty pes, and assembl ages gen e ral l y 

dominated by only one or two artifact types . Sites r ep r esenting kill 

plus camp activit ies have more di ve rse tool assemblages, while sites 
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representing more specialized or limited activities tend to have 

fewer tool types. While the range of variation is important, the 

sites analyzed are considered functionally similar, as bison kill and 

butchering activities are the dominant activities represented. 

Diversity indices for cultural and environmental data have 

been used in the an alysis of site function (Gra nt 198 1; Reher 1979; 

Larson and Tibesar 1981). Low diversity of tool assemblages is 

assumed to indi cate li mited activity sites, while hi gh diversity is 

interpreted as representing habitation sites. This is based upon the 

assumption that the number and types of discarded tools increase as 

the number of activities per fo rm ed at a s i te increase . A greater 

number of activities are assumed to be performed at camps ites than at 

specialized sites includin g kill sites (although ki ll sites usually 

represent more activities than take place at some "limited act ivity" 

sites). Ho\'1ever, as ha s been illustrated, there is some va ri ation in 

the complexity of kill and butch er ing sites, which i s reflected in 

diversity indices calculated from them. Although the basic assump­

ti on upon which interpretation of diversity indices are based may be 

valid, the factors which are involved in the calculation and inter­

pretation of diversity indices are complex and need to be carefully 

considered and applied with caution. 

Diversity indices were calculated for the assemblages of the fi ve 

sites analyzed using the Shannon-Wiener Index, W (Pielou 1978:290) 

defined as: 
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H'~~ p . log P · \ 
i •I I I 

where: s = number of cases 
Pi =p robab ility of occurrence of each case 

l og = natural log 

As a preliminary test, tool type diversity was pl otted with 

assemblage size to see if there was any correlation between t he m 

(Figure 8). The sites with large assemblages have high t ool 

di versity and the sites with the smallest assemblages have l ow 

diversity indices. However, several sites with s mall assemblages 

have re l atively high diversity indices. Too l diversity, th e refore, 

does not appear to be directly relat ed to assemblage size, an 

important consideration due to the wide ran ge of variation in the 

sizes of the assemblages analyzed. 

The tool diversity indices for the assemblages ana l yzed ranges 

from 0.00 (only one tool type) to 1.47. The diversity indices for 

levels 6, 7, and 8 of the Vore s i te, ran ging from .00 to .26 , may not 

be representative due to the sma 11 samples of materia l recovered in 

these levels. Eliminating these three levels, and level 1 of Kobold 

because it is a campsite, the diversity indices for the kill and 

butchering site assemblages ana lyzed range from .46 to 1.47, i ndicat-

ing there is a definite range in diversity indices for sites which 

are thought to represent similar functions. 

Larson and Tibesar (1981:10-11, 166) have suggested that 

di ve rsities calculated from material types of debitage may be used to 

determine site function. However, it is proposed here that the 
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diversity of raw mater ial types is not necessa ri ly related to s it e 

function and may not always be an accurate i ndicator of function . 

Tool type diversity when plot ted against tool material type di versity 

based on weight (illust rated in Figure 9) indi cates there is little 

correlation between t he two indi ces. Tool types represented at a site 

are related to activities perfor med t here and thus do reflect site 

function. However, the types of ra\'1 materia 1 s repres ented at a site 

mi ght be influenced by site function but may also be re lated to the 

l ocation and availability of lithi c mater ial s, season of occupation, 

mater ial preferen ce , and other fa ctors. Further compa ri son of tool 

di ve rs ity and tool mate rial type diversity · indi cates that the t\'IO do 

not reflect the same thing (Figure 10) and are therefore not 

comparable. 

Diversity indices also differ acco r ding to the unit of measure 

from which th ey are ca lculat ed . Diversities were calculated for 

material types of t he debitage at th e Agate Basin s it e us in g the 

percent of the tot a 1 number of f1 akes of each mater i a 1 and then the 

percent of the total weight of the flakes by mater i al type. The 

diversity index for t he Folsom debi tage based on the number of fl akes 

i s 1.61 , and based on weight i s 1.55. Th e ind ices for the Agate 

Bas in debitage are 1.98 by the number of f l akes and 1.46 by weight of 

the mater i al s. The diversity i ndex for weight is consistently l ess 

than that fo r numbe r. The Agate Basin debitage has a hi gher div e r­

sity index than the Folsom debitage when ca l cul ated from the total 

num ber of flakes, but a lowe r index when calcul ated f rom the wei ght 

of the flakes. The unit of measurement, therefore , not on l y alters 



2.00 

1. 80 

1. 70 

1. 60 

TOOL 1. 50 
DIVERSITY 
INDEX 1.40 

1. 30 

1. 20 

1.1 0 

1. 00 

0 . 00 

67 

• 
• 

• 
• • 

• • 
• 

• 
• 

• 
• 

• 

0 . 00 0 . 20 0.40 0 . 60 0 . 80 1.00 1. 201.40 1 . 60 1. 80 2 . 00 

TOOL ~~TERIAL DIVERSITY 
(From weight in grams) 

Figure 9 . Corre l a tion of tool diversity and tool material type 
diversity for all assemblages 



TOOL 
DIVERSITY 

TOOL 
HATE RIAL 
DIVERSITY 

2 . 00 -

1 . 00-

0 · 00 I I I I l J I I I 1 I I I ,1 } I J I I I I J 

2.00 

1. 00 

0.00 

-

Fo Ab 
Agate 
Basin 

Fo Ab 
Agate 
Basin 

B K 
Piney 
Creek 

B K 
Piney 
Creek 

1 2 3 4 
Kobold Hawken 

12 345678 
Vore 

1 234 12345 6 7 8 
Kobold Hawken Vore 

Figure l O. Compari son of too l diversity indicies and tool material t ype diversity 
indicies a t the five sites anal· zed . 

0\ 
co 



69 

but reve rs es the ran king of the Agate Basin and Folsom components. 

Depending upon which of the diversity indi ces were used for comparing 

the Folsom and Agate Basin assemblages to eac h other or to other 

sites, different conclusions might be drawn. 

In summary, th e r e may be a r el at ively wide range in the tool 

diversity indices calculated from sites which actually represent 

similar func t ions. This should be considered in the appl i cation of 

diversity indices for determining site fun ct ions. If the potential 

range of variation is not understood, in accuracies in the 

identification of site type may result, especially when diversity 

indi ces are use to det ermine s i te types of surface lithic scatte rs. 

It i s clear that the diversity of r aw materials reflects mor e than 

site type. Interpretations and coro ll aries of t he basic assu mpti on 

upon which diversity indices are based must be carefully considered 

for their validity in interpreting site functions. 

Ra~1 Material Frequencies 

The major material types for the assemblages were analyzed for 

th ei r relative frequency in the assemblages. Cumulative graphs 

reveal simil ariti es and differences in raw materia l representations 

within and between sites. 

Kobold Site 

The most common raw materia l in the Ko bold assemblage is 

porce llanite which is attributed primarily to the site 1S proximity to 

p o r c e l 1 a n i t e s o u r c e s . T h e K o b o 1 d s i t e i s 1 o c a t e d ~~ i t h i n t h e s o u r c e 

area of good quality porcellanite. Tools of porcellanite comprise 
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44% of the assemblage in level 1 and 54% to 73% of the material in 

levels 2 through 4. 

The predominance of tools of porcellanite in all levels suggest 

intensive exploitation of the Powder River Basin which is the source 

area of this material. The relative scarcity of raw materials from 

higher elevations suggests that these areas had not been recently 

exploited prior to the site events . Had the occupants of the site 

geared up at higher elevations with lithi c materials for tools and 

weapons for the kill, the dominant materials would probably have been 

cherts and quartzites. Utilization of these higher e levat ion s is 

suggested by the presence of artifacts of Mississippian and 

Pennsylvanian cherts, Morrison quartzite and/or Permian Age 

Phosphoria chert, though tools of these mate ri als make up only small 

portions of the assemblages. Lower Cretaceous Age quartzites 

generally comprise a somewhat larger percent of the material. 

The Kobo ld site exh ibits variation between l evels in the rel ative 

frequency (by weight) of Lower Cretaceous quartzites and porcellanite 

(Figure 11). There appears to be an inverse relationship between 

these two materials such that as the amount of Lower Cretaceous 

quartzite increases, the amount of porce ll anite decreases. LO\'Ier 

Cretaceous quartzite represents a mountain foothills source while 

porcellanite comes fro m the basin. Both materials are available 

within 100 kilometers of the site. The relatively low frequency of 

Lower Cretaceous quartzite and high frequency of porcellanite in 

levels 2, 3, and 4 might indicate that the basin was the most 

recently exploited area, while the dominance of Lower Cretaceous 

A;;IG';# ;ug:: ;w 
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quartzites in level 1 suggest s the mounta in foothi 11 s area may have 

been more recently exp l oi t ed prio r to that occupation. 

Th is information may be applied to a model of seasona l settl ement 

(Loendorf 1973) . Th e mode l of seaso na l settlement in Figure 12 

illustrates the movement of groups as a re spo nse to seas ona l 

ava il ability of food resources in r elat ion to rav1 mat e rial sources. 

Basi n areas, i n general, are most product i ve in spring and fall in 

terms of food resource s. In summe r the higher elevations become more 

productive as plants become avai l able. Figure 13, which is derived 

fr om th e mode l in Figure 12 represents the expected raw mate ri al 

f r e q u e n c y b a s e d o n a s s u m e d r a vi m a t e r i a 1 fa 1 1 - o f f r a t e s • T h e 

seasonality of all fou r level s of the Kobo l d site was determined f rom 

tooth eruption schedul es of bison to be around Septembe r or October 

(Fr i so n 1970) . Based on the models presented in Figures 12 and 13 

the f r equency of r a w material types at Kobo ld supports a fa ll 

occupat i on fo r each component . It might be that t he occupations of 

levels 1 and 4 occur r ed ea rli er in the fa ll than the occupations of 

levels 2 and 3 because t he f o rm e r contain more upland mate ri als 

suggesting more recent exp loitat i on of that so urce. 

Level 1 of the Kobold s i te co ntains only 10 arti f acts (Frison 

1970:9), nine of whi ch were l ocated for analys i s. Ei ght of these are 

projectil e points and one is a biface. Half of the projectile poi nts 

are ma de of porcellanit e a nd one of vitrophyre, a glassy 

porcellanite. Fri son (1970:11) repo r ts tha t 53 of the tota l of 60 

f l akes whi ch compri se t he debitage from l eve l 1 are of porcel l ani te. 
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The remaining six flakes are of chert and quartzite. 

Level 2 of the Kobold site contains more artifacts (84 items). 

Tools of porcellanite account for 71.4% of the assemblage (89% of t he 

weight), over half of these are projectile points, and a third are 

utilized flakes. Fri son (1970:13) notes that tool sharpening flakes 

indi cate there were at one time more tools present than were 

recovered in excavation. These flakes are also dominated by 

porcellanite. He reports that 707 porcellanite flakes, 70 quartzite 

flakes, and 34 chert fla kes comprise the debit age. 

In level 3 of the Kobold site 73% of the 112 t oo ls (65 % of the 

weight) are made of porcellanite. Aga in proj ect il e points and 

utilized flakes of porcellanite dominate the assemblage thou gh there 

is one projectile point of obsidi an (Frison 1970: 9 reports 2). Frison 

(1970) notes that in the debitage there were 11 obs i dian flakes, 

1116 porcellanite flakes, 110 quartzite flakes, and 82 che r t fla kes . 

Level 4 of the Kobo ld s it e contains the greatest number of 

art ifacts (460 i tems) and is the most complex of the four components 

with nine tool cat e gories represented. Li ke the other three 

components , the assemblage is dominated by project il e points (51.8%) 

and uti 1 i zed flakes (31.0%). Si xteen materia 1 types are represented 

in level 4, compared to 11 for level 3 , 9 for level 2, and 6 for 

l eve l 1. The greatest rang e in material types in l eve l 4 is 

exhibited in projectile points. Porcellanite dominates the ent ire 

assemblage, comprising 53.6% of the tools and 58% of the raw material 

weight. Exploitation of other a r eas is evident in th e presence of 

Mississippian and Pennsylvanian cherts (2.5% of number, 2% of 
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~teight), Lower Cretaceous quartzite (20.6% of number, 19% of weight), 

and Permian Age Phosphoria chert (3.9% of number, 2% of weight). In 

addition, there is greater var iety of miscellaneous quartzites and 

cherts than were evident in the other three levels. Frison (1970:11, 

20, 24) reports 12 artifacts of obsidian as well as retouch flakes 

which suggests contacts with areas to the west or utilization of that 

area . 

Level 4 at Kobold is somewhat distinct in composition from the 

other three l eve l s. The greater number of tool types represented and 

greater variety of raw materials, in c ludin g miscellaneous raw 

materials might be attri buted, in part, to the additional activities 

associated with the post-ki ll occupation of the site. 

The similarities and differences noted be tween the tool 

assemb l ages of level 1 through 4 at Kobold are somewhat paralleled in 

the material types represented. Level 4 has the most d iv e rse too l 

assemb la ge as well as the most diverse raw material representation. 

Leve l 1 has the least diverse tool assembl a ge and fe~1 raw material 

types. Levels 2 and 3 are rou gh ly sim il ar in terms of div e rsity of 

tools and also in the number of raw materials represented. 

Piney Creek Site 

Though there are different frequencies, basically, the same raw 

materials r e presented at th e Piney Creek sit e are found at Ko bo ld . 

This may suggest similarity of adaptation strategies resulting in 

exploitati on of similar raw materials. 

Piney Cr eek kill and butchering areas, in contra st to al l levels 
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of Kobold, have a relatively high frequency of Mi ss is s ip pian an d 

Pennsylvanian cherts. Pin ey Creek sit e is close r t o th e source of 

this material than is Kobold. Since it is also closer to sources of 

LO\'Ier Cretaceous Age quartzites of which there are very few in the 

site, this might indicate better sources of cherts are available 

further south. Or, it may indicate that the Piney Creek kill 

occurred ear lier in the fall when the assemblage still contai ned a 

relatively high frequency of cherts acquired during summ er occupation 

of the higher elevation (See Figure 12 and 13). 

The kill and butchering areas of the Pin ey Cree k site are 

similar in the major raw material types represented, but the frequen­

cies of the materia ls differ (Figure 14). There ap pears to be an 

inverse rel ationship in the ratio of Lower Cretaceous quartzites and 

porcellanite at Piney Creek, as there was at Kobold. The butchering 

area at Piney Creek site has no Lower Cret ac eous qu a rtzi te s, but a 

relatively high frequen cy of porcellanite. The kill area contains 

some of these quartzites and exhibits a rel atively lower frequency of 

porcellanite. Seasonality is not a fa ct or here as these site areas 

are contemporaneous. Function of the site areas and material prefer­

ence may, however, be important functi ons since the Lower Cret aceous 

quartzites at the kill location are all projectile point s. 

Material preference is li kely to bias the represe nta tion of 

certain mat erials in a site. A domin ance of certain mater i al types 

o r h i g h c o r r e 1 a t i o n b e t \v e e n c e r t a i n t o o 1 t y p e s a n d p a r t i c u 1 a r 

materials is generally assumed to indicate a pr efere nc e fo r th at 

material. However, the availability of the material may actu ally be 
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the controlling factor. If proximity and availability are important 

factors, then the relative frequency of raw material should be 

roughly proportional to the overall relative availability of that 

material in the environment in relation to other materials. 

Examination of the tools and material types at the Piney Creek 

butchering area illustrates this situation. Sixty-five percent of 

the tools are made of porcellanite (67% of the weight). 

Mississippian and Pennsylvanian cherts are the second dominant 

material making up 22% of the tools (23% of the weight). Ten other 

material types make up the remaining 13% of the tools {23% of weight) 

in the assemblage. The predominance of porcellanite at Piney Creek 

is not attributed to preference for the material over the 

Mississippian and Pennsylvanian cherts or other silicates. 

Porcellanite is not as hard a material nor does it in general have 

the good flaking quality of silicates (quartzites and cherts). 

However, the Fort Union Formation is exposed in the vicinity of the 

site and sources of good quality porcellanite are known to occur to 

the north around Sheridan, Wyoming and Decker, Montana. 

Several materials are absent in the butchering area and found 

only in projectile points in the kill area at Piney Creek. These 

include obsidian, Knife River flint-like chert, moss agate and Lower 

Cretaceous quartzite. The fact that these materials are present only 

in projectile points suggests they may be curated items. Frison 

(1967:55) reports obsidian as comprising .6% of the weight of 

debitage in the butchering area and absent in the debitage of the 
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kill area. In addition, Frison (1967:55) notes that it comprised 12% 

of the debitage weight for material in the campsite (48J0311). 

Sources of obsidian are over 300 kilometers west of the Piney Creek 

site in the Jackson and Yellowstone Park area. It is not known 

whether this material was procured directly by the group or acquired 

through trade. In either case, contact with regions to the west is 

indicated. The Knife River Flint-like material, is believed to 

originate east of the Black Hills and, thus, also represents a 

relatively distant source. Together, these two materials indicate a 

wide area of contact. The moss agate and lower Cretaceous quartzite 

are available around the Bighorn and Pryor Mountains as well as in 

the Black Hills. Their relative scarcity in the assemblage might 

indicate the more distant source, though this is only speculation. 

Curation was a factor in the representation of materials at Piney 

Creek. Frison {1967:11, 18) notes that 11 a far greater numberu of 

tools are represented by the retouched flakes than were recover~d. 

This is based to a large extent on material types. Detailed analysis 

of retouch flakes and their raw materials might indicate the number 

and types of tools which were carried away from the site. Frison 

(1967:7) notes that at least twenty more tools are represented in the 

retouch flakes from the camp site at Piney Creek than were recovered 

in excavation. 

Vore Site 

The Vore site in the Black Hills exhibits variation in the major 

material sources represented in levels 1 through 8, as is illustrated 

in the cumulative graph (Figure 15). The greatest differences are in 

~ 
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the varying frequencies of Lower Cretaceo us quartzites and Knife 

River Flint. Level 1 is different from the other 7 levels with a low 

frequency of Lower Cretaceous quartzites and a high frequ ency of 

Knife River Flint. Level 5 also exhibits a relatively high frequency 

of Knife River Flint, though not to the extent of l eve l 1. The high 

frequency of Knife River Flint in levels 1 and 5 might suggest more 

intensive or more recent utilization of areas north of the Blac k 

Hills than is exhibited in the other levels. 

The differences in raw materia l frequency may be refl ect ing 

seasonality. Reher and Frison (1980:66) present data on the season 

of use of the site based on bison tooth erupt ion and wear schedules. 

If seasonality were an important factor in the representation of raw 

material s, then levels which represent similar seasons of use might 

reflect simi l arities in the raw material s represented. Howeve r, , in 

the Vore assemblage there is not a strong correlation between levels 

\'lhich represent similar seasons. For example, Levels 2 and 4, which 

indicate spring and summer occupations, differ significantly in the 

amount of porce llani te and miscellaneous quartzites represented. 

Levels 3 and 5 represent the most intensive use throughout the year, 

yet reflect differences in raw material representation. 

It is pertinent to mention that projectile point styles indicate 

that the Vore site wa s utili zed by fiv e different et hnic groups 

throughout its period of use (Reher and Frison 1980 :121, 14 2) . In 

addition, historically there has been a great deal of movement of 

Plains Indian groups through the northeastern Wyoming area (Reher and 
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Frison 1980:29-35). Both fa ctors undoubt edly account for some of the 

variability in raw mate ri al s in the Vore site. Knife River Fl i nt i s 

present in 5 of the 8 level s ( l eve l s 1, 3, 5, 6, 8) at the Vore site. 

The frequency of this material, given the distance to its source area 

suggests it is a valued resource. The frequency of Knife Ri ver Flint 

is very similar to that of porcellanite, a poorer qu a lity materia l 

from a much closer source area. 

Morrison quartzite makes up on l y a sma ll percent of the raw 

material at the Vor e s i te in the two l eve l s in \'lhich i t is present 

(2.5% of l eve l 1, 2. 6% of level 5) . The lo w frequency of th is 

materia l in the Vore assemb l age may be du e to l ess extensive 

exp loitation of th e Black Hills a r ea . The hig h frequency of Lower 

Cretaceous quartzites which appea r to be from the Hartville region, 

and relatively hi gh frequ ency of Knife River Flint fro m North Dakota 

and porcel lani te from the Powder Rive r Basi n suggest these areas were 

more extensively exploited prior to the kill event. 

Hawken Site 

The Hawken site is l ocated in the Bla ck Hills, as is th e Vore 

site, but reflects very different r aw mater i al patte rn s (Figure 16). 

Co mparison of t he raw mater ial types of the Vore and Hawken sites 

illustrates that the l ocation of a site with respect to raw materia l 

sources do es not necessa rily dictate the ki nds or amounts of 

materials whi ch will be represent ed in the assemblage. The Hawken 

s it e conta in s a r e l atively high frequ ency of Mississ ip pian and 

Pe nn sy l vania n che rt s a nd much l ower frequency of Lower Creta ceou s 

quartzite while the reverse i s true for the Vore site. In addition, 
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the Lower Cretaceous Age quartzites of Vore and Hawken appear to come 

from different source areas. Most of the quartzites in the Vore si te 

are similar in color and grain size to the material fr om the 

Hartville Uplift area, while the Lower Cretaceous quartzites from 

Hawken are more similar to the material fro m the Black Hills. The 

Hawken assemblage also has quartzite from t he Jurass i c Age Morrison 

Formation and Knife River Flint-like chert, while the Vore assem-

blages have only trace amounts of both. The dominant materials at 
I 

the Hawken site are from sources in and around the Black Hills, 

suggesting that this area was intensely exploited by the occupants of 

the site. In contrast, the dominant materials in the Vore assem-

blages are quartzites from the Hartville area, Knife River Flint from 

southeastern North Dakota, and porcellan.ite from the Powder River 

Basin. These materials represent a much larger area of exploitation. 

If it had not been possible to distinguish between the quartzites 

from the Hartville Uplift and Black Hills source areas, then it would 

have been assumed that the quartzites were from the Black Hills 

because it is the nearest potential source. Assuming the nearest 

source for a raw material may result in an interpretati on of a 

smaller home range than is actually the case. The size of the area 

represented by raw materials may reflect the type of social aggrega -

tion at the kill site. The predominance of materials from distant 

sources might represent the aggregation of bands, while materials 

from closer sources might represent the aggregation of one or mo re 

dispersed family groups. Reher and Frison (1980:131-133) suggest the 
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Hawken site represents a dispersed local group while Vore represents 

the aggregation of centralized bands. 

The high frequency of Mississippian and Pennsylvanian cherts at 

the Hawken site and relatively low frequency of Lower Cretaceous 

quartzites is unexpe cted. Present knowledge of Mississippian and 

Pennsylvanian chert sources in the Black Hi 11 s suggests that cherts 

of good quality are relatively limited. Unfortunately, it is not 

possible at present to distinguish these cherts by source area. 

Preliminary observations on the Black Hills cherts and Hartville 

Uplift cherts suggests there may be some visual differences between 

the two. However, based on the relatively small samples of cherts 

from the Black Hills, it would be speculative to make distinctions 

between the material s. 

Multiple occupancies of the Hawken site during the Early Plains 

Archaic is suggested, but as most of the material was recovered from 

the back dirt of unauthorized excavat ions, differentiation between 

the separate bison kill events in the arc heol og i ca l assemblage was 

not possible. Analysis of the assemblage as a whole may result in 

somewhat different interpretat ions than would be attained were it 

possible to separate the material from each occupation. The Vore 

site assemblage illust rat es this poin t . The Vore site represents 

several kill events over 300 years during the Late Prehistoric Peri od 

(Reher and Frison 1980:1) . Many differences are not ed between the 

material types and tool types in the different levels. The Vore site 

represents a wider span of seasonal use than Hawken; this is likely 

to influence the amount of similarity and difference between levels. 

~~-----------------------------

. 

l 
I 

i 



-~: 

r ' 

r 

....... __ .. ....__QM-='"'"--· .... '?"Qg z:rr; . .;:;~-~·D!il!!!tl&Z.SCII.IIMiltle.&·dm!S!§d"lifiiiS!i71i•ll•llli:mmrmr!l· llflllillliii!JIL~.r=w~TM'tliiM· .... _llllllillll ... lirll 

87 

Therefore, the differences between levels exemplified in the Vore 

assemblage may be greater than those expected for the Hawken site. 

The diversity indices based on tool types for levels 1 through 8 

of the Vore site range from 0 to 1.05 {Figure 10). When the site is 

considered as a whole (i.e. all levels are combined), the diversity 

index which results is .73. The diversity indices for levels 6, 7, 

and 8 fall far below this number while levels 1, 2, and 5 have 

considerably higher indices. The .73 index is also greater than the 

averaged index from levels 1 though 8 (.56 or .64 without level 6}. 

The diversity indices for tool material types calculated for levels 1 
I 

through 8 range from .75 to 1.47, with the average at .95. However, 

when all assemblages are considered as one, the diversity index is 

1.58, considerably higher than that of any one 1 evel. These 

differences might be significant if the diversity indices were to be 

used for comparative purposes as they often are for the analysis of 

site function. 

A total of 15 material types are evident at the Vore site. 

However, only 4 to 8 raw material types are represented in each 

level. In addition, not all levels contain the same raw materials or 

the same frequency of materials. The Lower Cretaceous quartzite and 

porcellanite are the only two material types which levels 1 through 8 

have in common. The cumulative graphs (Figures 15 and 16) illustrate 

the differences between the combined Vore assemblage and the 

~ individual levels. Taken as a whole, Mississippian and Pennsylvanian 

r cherts in the Vore assemblage make up only a small percent of the raw 
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materials while Lower Cretaceous quartzites are the predominant 

material with Knife River Flint the second most common material. 

Parcell anite appears to represent only a very small percent of the 

combined assemblages. Examination of the raw materials by individual 

level indicates the combined assemblage is not representative of the 

site assemblage as a whole. Level 1 contains relatively little Lower 

Cretaceous quartzite, and Knife River Flint is the dominant material. 

In contrast, 80% of the material in level 2 is Lower Cretaceous 

quartzite and Knife River Flint is totally absent. All but three 

levels have a much higher proportion of porcellanite than is repre­

sented in the overall figure. 

In summary, there is variation between levels in raw material 

representation at the Vore site. This might indicate variability in 

the intensity of expoitation of different regional areas. Figure 16, 

which represents the combined levels, is actually representative of 

only one of the eight levels (level 5). Therefore, interpretations 

based on this figure may not be accurate for examining the areas of 

exploitation and resource utilization. 

Figure 15 does indicate Lower Cretaceous quartzites from the 

Hartville Uplift-Old Woman anticline area, Knife River Flint from 

North Dakota and porcellanite from the Powder River Basin as the 

major materials exploited by occupants of the Vore site. However, 

interpretation based on the relative frequencies of these materials 

may not be accurate. Caution is, therefore, appropriate in the 

examination and interpretation of raw material frequencies in 

r assemblages which may represent several occupations. 
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Agate Basin Site 

Analysis of the raw materials from the Folsom and Agate Basin 

components of the Agate Basin site reveals some similarities and 

differences in the make-up of the assemblages. The differences are 

not likely to be due to differential recovery in the field as the 

matrix of both Agate Basin and Folsom levels was waterscreened using 

1/8 inch mesh. Since the assumption of similar erosional processes 

acting on both components is made, the similarities and differences 

are therefore attributed to behavioral processes. 

Basically, the same raw materials are represented in the Folsom 

and Agate Basin assemblages with the exception that there is no 

Morrison quartzite in the Folsom level and no non-volcanic glass in 

the Agate Basin component. Furthermore, the same material types tend 

to predominate in both assemblages. These are Mississippian and 

Pennsylvanian cherts, Lower Cretaceous quartzites, Knife River Flint, 

and local moss agate. Other things being equal, the similarity of 

the raw materials suggests that approximately the same areas were 

exploited by the inhabitants of both the Folsom and Agate Basin 

levels. 

Raw material frequencies for the artifacts from the Folsom and 

Agate Basin levels are similar to each other as are the raw material 

frequencies for the debitage (Figure 17). It had been assumed that 

the raw materials of artifacts and debitage for one component would 

r more closely resemble each other than another level, however, this 

was not the case (Figure 17). The similarity in the frequency of r materials among tools for the Agate Basin and Folsom assemblage 
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suggests that similar forces were in effect for selection and 

acquisition of raw materials for tool manufacture. Apparently, the 

Mississippian and Pennsylvanian cherts, Lower Cretaceous quartzites 

and Knife River Flint were preferred for tools in both components. 

Moss agate from local lag deposits was utilized extensively in both 

components as shown from the debitage, but makes up only a small 

percent of the tools. 

The differences in raw material frequency between the tools and 

debitage is important given different inferences which might be drawn 

if only the tools or only the debitage were studied. Analysis of 

tools suggests that moss agate, a material locally available around 

the site, was not extensively utilized espec ially in the Agate Basin 

level. The debitage, in contrast, indicates that moss agate is one 

of the dominant material types. 

The lack of debitage in relation to tools is also informative. 

In the Agate Basin component a high proportion of tools were of Knife 

River Flint but the material is absent in the debitage. This 

suggests that tools of Knife River Flint were not manufactured or 

reworked at the site but were brought to the site in finished form. 

In comparison, Knife River Flint is present in nearly equal frequency 

in the tools and the debitage of the Folsom component. This would 

indicate that some working of tools of this material was performed 

however, there is not enough debitage to account for all of the 

tools, indicating that many of the tools were brought to the site 

already completed. This appears to be the case for nearly all the 

tools and materials represented in both assemblages with the excep-
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tion of moss agate. 

Porcellanite makes up only a small percent of the materials of 

both the Agate Basin and Folsom components with the Agate Basin 

component containing slightly more. In both components porcellanite 

makes up a slightly larger percent of the tools than the debitage. 

Porcellanite is not immediately available around the Agate Basin 

site, nor is it generally as good a quality material as the cherts 

and quartzites available in the Hartville Uplift and Black Hills. 

With good quality cherts and quartzites in hand, presumably a large 

amountof porcellanite would not have been used, although it appears 

that some tools of this material were curated, and possibly reworked. 

The porcellanite from the northern portions of the Powder River Basin 

is generally of good quality. However, even this is not as hard a 

material as chert or quartzite. Thus, it is unlikely that 

porcellanite would have been an item of exchange. The material is 

considered to represent direct procurement and thus refl'ects : r utilization of the Powder River Basin. The porcellanite at the site 

,i r-~---· __ · 
-. I 

-_ i' 

~r ~~ 
1 

is of good quality which suggests it originated in the northern 

portion of the Powder River Basin in Wyoming and Montana. 

The debitage of the Agate Basin component makes up a much larger 

percent (61%) of the total assemblage weight (tools and debitage) 

than does the debitage of the Folsom assemblage (49%). By weight 

there is more debitage in the Agate Basin component, but in actual 

numbers, there is more debitage in the Folsom assemblage. Comparison 

of the number of items by size grade categories indicates differences 
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in material utilization between assemblages. Overall, the debitage 

of the Agate Basin assemblage is generally larger than that of the 

Folsom assemblage (Table VII}. 

Comparison of raw material types by size grade categories 

indicated differences in raw material utilization between the Folsom 

and Agate Basin assemblages (Table VII}. The debitage from the Agate 

Basin component is dominated in nearly all material types by size 

grade 3 material (1/2- 1 inch}, and also contains more flakes of 

size grade 4 (1-2 inches} than the Folsom component. Seven raw 

material types in the Agate Basin assemblage contain flakes of size 

grade 5 (Numbers 2, 8, 10, 18, 22, 24, 26} and one raw material type 

has flakes of size grade 6 (Number 8; see Table II for raw material 

code numbers} • 

The debitage of the entire Folsom component contains approximately 

the same number of size grade 2 material as size grade 3 material 

(see Table VII}. However, examination of the size grades of each 

material type reveals that there are some major differences. Moss 

agate is locally available in the area of the site and is the only 

material in the Folsom debitage which has flakes of size grade 5 

and/or 6. Mississippian and Pennsylvanian chert have nearly twice as r many flakes of size grade 2 as of s 1 ze grade 3. In contrast, Lower 

r ' 

J rr~ 
\", 

Cretaceous Age quartzite and moss agate have nearly half the number 

of flakes in size grade 2 as in size grade 3. Knife River Flint has 

nearly equal amounts of size grade 2 and 3 material. 

If the same activities relating to tool and raw material use were 

performed in the Agate Basin and Folsom components, then one would 
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TABLE VII 

PERCENT OF DEBITAGE (BY COUNT) OF SELECTED RAW 
MATERIAL TYPES BY SIZE GRADE CATEGORY FOR THE 

AGATE BASIN SITE ASSEMBLAGES 

Size Grade 
(% of ~ ) 

FOLS0t1 LEVEL: 2 3 4 5 6 

t1ississippian & 
Pennsylvanian 62.9 34.3 2.8 0 0 

Lower Cretaceous 33.9 54 . 8 11.3 0 0 

Knife River Flint 48 . 4 44 . 8 6.9 () 0 

Moss Agate 31.7 54.3 12. 3 1.2 0.4 

Knife River Flint-like 33 . 3 66.7 0 0 0 

Total of All ~laterials 48.6 43 . 3 7.8 0. 2 0.1 
In Assemblage 

AGATE BASIN LEVEL: 

~1 i s s i s s i p pi an & 
Pennsylvanian 16.4 69 .8 13.8 0 0 

Lower Cretaceous 23 . 8 64.3 11.7 0. 2 0 

Knife River Flint 25.0 65.0 10.0 0 0 

Porcellanite 23.9 58.0 18.2 0 0 

r·1oss Agate 14.5 55.9 26.4 2.9 0.2 

~lorri son 11.4 65.7 2L . 9 0 0 

Knife Ri ver Flint-li ke 20.0 40 . 0 26 .6 13 . 0 0 

Petrified Wood 6.4 53.2 38.3 2.1 0 

Total of Al l Materials 18 . 8 60 . 9 19 . 1 1.3 0. 1 
In Assemblage 
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expect similar debitage patterns to result. However, the same 

patterns are not apparent in size grade categories. The Folsom 

debitage indicates greater variability in the use of different raw 

materials as demonstrated by the variation between the relative 

frequencies of size grade 2 and 3 materials. Frison and Stanford 

(1982b:70) note that projectile point manufacture was a major 

activity in the Agate Basin Folsom level which helps to account for 

the high proportion of small flakes. In addition, he states that 

whi 1 e some core and bi face reduction occurred in the Folsom 1 evel 

most was probably done elsewhere. In regard to the Agate Basin 

component, Frison and Stanford (1982b:130} note that core and biface 

reduction flakes are abundant in the assemblage while tool sharpening 

flakes are relatively rare. 

Reher and Frison (1980:128) note that the communal bison kill is 

essentially the point of overlap of several band or family 

territories and that the lithic assemblages of kill sites are usually 

dominated by lithic material types from the main quarries utilized by 

each social segment. Three basic assumptions are presented by Reher 

and Frison (1980:128) as a basis for the interpretation of lithic raw 

materials in kill site assemblages: First, that other things being 

equal, the distribution of sources represented in the kill site 

assemblages approximately denotes the territory exploited by the site 

. users. Second, the distance to the sources is proportional to the 

territory size, and finally that the percent of material derived from 

a given source area is roughly proportional to the number of people 

from that area. The first two assumptions appear to be 
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straightforward. However, the third assumption is more complex 

because it involves the frequency of materials. This analysis has 

suggested that several factors may influence these frequencies. For 

example, the frequency of material may vary according to distance to 

source, the season of occupation, or the unit of measure. Material 

from the Fo 1 som and Agate Basin components of the Agate Basin s'i te 

are used to illustrate these differences as shown in Table VIII. 

There is often a significant difference between raw material 

frequencies calculated from artifacts and those calculated from 

debitage. In addition, there may be a difference in the relative 

frequency of materials based on the number of items and the relative 

frequency of materials based on the weight of the same items. 

Therefore, the percentage of a raw material type can vary greatly 

depending upon whether it is calculated from the number of items of 

that material type or weight of the material. Additionally, the 

frequencies of raw material type may vary depending on whether they 

are calculated from artifacts, debitage or both. 

Generally, archeologists assume that as distance from a given 

source increases, the amount of material from that source decreases, 

including the amount of material with cortex. At the Agate Basin 

site, Knife River Flint represents the most distant known source. 

The Knife River Flint source area is about 520 kilometers to the 

north, yet in quantity, it ranks among the top four raw materials. 

The other three materials are local moss agates, Mississippian and 

Pennsylvanian cherts, and Lower Cretaceous quartzite, all of which 

l 



TABLE VIII 

FREQUENCIES OF THE FOUR MAJOR RAW MATERIALS AT THE AGATE BASIN 
SITE BASED ON NUMBER OF ITEMS AND \lEI GHT OF MATERIALS 

Tools Debitage Tool s Debitage 
%If %~IT %11 %WT %If %WT %If %\.JT 

Mississippian & 
Pennsylvanian 
chert 27 35 40 13 35 27 9 2 

Lowe r Cretaceous 
quartzite 14 17 11 11 19 27 38 13 

Knife River Flint 31 15 27 14 22 21 1 0.4 

t·1oss agate 11 13 14 39 5 5 28 62 

97 
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are available within 100 kilometers of the s ite. In the Agate Basin 

assemb l age t here are 41 artifacts of Knife River Flint but little 

debitage, as might be expected of mat e rial from such a di sta nt 

source. In the Fol som material, howeve r, there are 74 artifacts of 

Knife River Flint as well as a relatively large amount of debitage. 

The debi tage exceeds that of the Lower Cretaceous quart zi te i n number 

and weight, though the quartzit e repre sents a closer source . The 

amount of debitage of Knife River Flint also exceeds t ha t of the 

Mississippian and Pennsy l van ian cherts in wei ght, t hough not in 

number of flakes . 

In the Folsom assemb lage, the nu mber of fl akes of Knife River 

Fl i nt with cortex (14) exceeds t he nu mber of co rtex flakes of Lower 

Cretaceous quartzite (4) and of Mississippian and Pennsylvanian 

cherts {5). The cortex of Knife River Fli nt is generally thin and 

does not necessarily lower the qua li ty of the material as is 

generally the case with the cortex of li t hi c materia l s. In t he Agate 

Basi n materia l , there a re three f lakes of Kni fe River Flint with 

cortex, 20 flakes of Mississippian and Pennsylvanian chert ~ith 

cortex and 16 f l akes of Lower Cretaceous quartzite with co rt ex. 

Evident ly, the nu mber of f la kes wi th cortex does not necessarily 

indicate the prox imi ty of the source. 

An important factor in the correlation of co rtex with distance to 

so urce may be the re l at ive frequency of co rt ex. In t he debitage of 

the Agate Basin site the numbe r of flakes with cortex f ro m sou rces 

gr eate r than 40 kilometers comprise between 0 and 13.4% of the 

assemblage with 15% for Knife River Flint (Tab l e IX). The number of 
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TABLE IX 

DISTANCE TO SOURCE AND PERCENT OF DEBITAGE 
(BY NUMBER) WITH CORTEX FROM THE AGATE BASIN SITE 

Distance 
to source Percentage of debitage with cortex 
Til km *t~ateri a 1 Type Folsom Lever Agate Basin Level --

0-40 8 16.9 31.0 

0-40 20, 22, 26 50.0 29.2 

40-150 1 0.7 1.7 

40-150 2 2.2 2.3 

40-150 . 9 0 2.9 

40-150 18 0 13.4 

300 7 0 5.7 

350 3 3.0 15.0 

Unknown 10 46.9 32.3 

Unknown 12 0 23.0 

* Refer to Table II for raw material key. 
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cortex flakes of materials available within 40 kilometers ranges from 

16.9% to 50%. Miscellaneous material types with cortex from both 

assemblages range between 23% and 46.9%, which falls within the range 

for closer sources. It is noted that this analysis is based only on 

two assemblages from one site, and is suggestive, but by no means 

conclusive. 

Moss agate is available in the immediate environs of the Agate 

Basin site and it is one of the dominant materials in both components 

of the site. The amount of debitage is considerably greater than the 

amount of artifacts in number and weight. Moss agate also has 

significantly more flakes with cortex than any other material. In 

addition, only two cores were recovered from the Folsom component, 

and both were of moss agate. Similarly, 23 of the 24 cores from the 

Agate Basin component were of moss agate (the other one was Knife 

River Flint-like material). 

Distance to the raw material source area is expected to effect 

the size of debitage. Economizing behavior with respec t to raw 

material use might result in small flake size as material is 

conserved. However, examination of the Agate Basin site debitage 

assemblages does not indicate any relationship between size and 

distance (Table X and XI) . The frequ ency of flake size differs 

between the two components and it appears that flake size is probably 

depends more on the nature of the activities at the site than on the 

distance to sources. 

At the Agate Basin site 17 material types are represented in the 
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TABLE X 

PERCENT OF THE NUNBER OF I TEt1S BY DISTANCE TO SOURCE 
AND SIZE GRADE FROM THE FOLSOM COMPONENT OF THE AGATE BASIN SITE 

Distance 
to source Size Grade 
in km -- *t1ateri a 1 2 3 4 5 6 - - -
0-40 8 31.7 54.3 12.3 1.2 0.4 

0-40 20, 22, 26 0 50.0 50.0 0 0 

40-150 1 62.9 34.3 2.8 0 0 

40-150 2 33.9 54.8 11.3 0 0 

40-150 18 33.3 66.7 0 0 0 

300 7 0 100.0 0 0 0 

350 3 48.4 44.8 6.9 0 0 

Unknown 10 22.4 34.7 42.9 0 0 

Unknown 11 0 100.0 0 0 0 

Unknown 12 60.0 20.0 20.0 0 0 

* Refer to Table II for raw material key. 
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TABLE XI 

PERCENT OF NUMBER OF ITEMS BY DISTANCE TO SOURCE AND 
SIZE GRADE FROM THE AGATE BASIN COMPONENT OF THE AGATE BASIN SITE 

Distance 
to source Size Grade 
in km *r1ateri a 1 2 3 4 5 6 --
0-40 8 14.5 55.9 26.4 2.9 0.2 

0-40 20, 22, 26 5.9 51.0 39.2 3.9 0 

40-150 1 16.4 69.8 13.8 0 0 

40-150 2 23.8 64.3 11.7 0 0 

40-150 9 11.4 65.7 22.9 0 0 

40-150 18 20.0 40.0 26.7 13.3 0 

300 7 23.9 58.0 18.2 0 0 

350 3 25.0 65.0 10.0 0 0 

Unknown 10 2.9 50.0 44.1 2.9 0 

Unknown 11 18.2 72.7 9.1 0 0 

Unknown 12 34.6 42.3 23.1 0 0 

* Refer to Tab 1 e I I for raw material key. 
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Folsom level debitage and 15 in the artifacts. Channel flakes are the 

largest artifact category (45.8% of assemblage} of which nearly half 

(49.5%} are of Knife River Flint. The number of channel flakes 

indicates there were more than seven projectile points of Knife River 

Flint at the site at one time; however, only this number of point 

were recovered from the site. In general, the material type of the 

channel flakes indicates there were many more projectile points than 

were recovered in excavation. Curation would seem to be an important 

factor here and might account for the re 1 at i ve ly 1 ow representation 

of projectile points in contrast to the other kill sites analyzed. 

Channel flakes make up 61.8 percent of the artifacts of Lower 

Cretaceous quartzite. The frequency of materials suggests that Knife 

River Flint and Lower Cretaceous quartzites were the preferred 

materials for Folsom point manufacture. Mississippian and 

Pennsylvanian cherts are the second most common material in the 

Folsom assemblage comprising nearly half of the utilized flakes 

(42.9%) and over half of the scrapers (63.2%) yet, there are 

relatively few channel flakes of this material. These cherts appear 
I 

to have been more extensively worked than Knife River Flint or Lower 

Cretaceous quartzites is indicated by the 673 flakes of this material 

compared with 467 flakes of Knife River Flint and 186 flakes of Lower 

Cretaceous quartzite. It appears that the Mississippian and 

Pennsylvanian cherts were not particularly preferred for projectiles 

point manufacture at the site. Given that Mississippian and 

Pennsylvanian cherts are among the predominate raw materials at the 

site, if there was no material preference the number of channel 
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flakes should be roughly proportionate to the relat ive frequency of 

the material. While 27.3% of the tools are of Mississippian and 

Pennsylvanian chert, only 16.9% of the material is channel fla kes and 

10.8% is projectile points and preforms; yet 46.2% of the material is 

utilized flakes. Each of the seven tool typ es evident in the 

assemblage is represented by Mississippian and Pennsylvanian cherts . 

This is greater tool variety than is ev ident in any other material 

type. 

Another disproportion ate category is moss agate. Over half of 

the material (59.3%) is utilized flakes and nearly one -third (29.6%) 

i s chan n e 1 f 1 a k e s. T hi s i s a 1 o c a 11 y a v a i 1 a b 1 e mater i a 1 w hi c h may 

account for its re 1 at i ve abundance. By weight it comprises 12.6% of 

the artifacts and 38.6% of the debitage thus predominating the 

debitage assemblage. This is due largely to t~to co res which together 

weigh 267.7 grams, over half of the debitage weight of this mate rial ~ 

The presence of eight channel flake fragments indicates proj ectile 

points were a l so manufactured from it. 

There are concentrations of raw mate rial types within the Folsom 

component which are separated by the bone bed (Frison 1982:39). The 

N090 line marks the appro ximate dividing line of the main bone 

concentration (Frison 1982:40, Figure 2.14). Table XII illustrates 

the division of raw material types to the north and south of this 

line. The great majority of Knife River Flint was found north of the 

bone bed and primarily in the area of what may have been a habita t ion 

structure (Frison 1982:39) . The bulk of the Lower Cretaceous 

-
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TABLE XI I 

DISTRIBUTION OF RAW MATERIALS OF DEBITAGE 
IN THE FOLSOM LEVEL OF THE AGATE BASIN SITE 

% of material #of % of all 
Material Type type flakes mate rials 

North of 
N090 1 12.4 83 15.1 

2 16.7 31 5.6 

3 67.0 313 57.1 

8 29.3 71 12 . 9 

South of 
N090 1 21.8 147 38.5 

2 60 . 7 113 29 .6 

3 1.7 8 2.1 

8 20 .9 51 13.1 

Other 1 65.8 443 

2 22.6 42 

3 31.3 146 

8 49.8 121 

* Refer to Table II for raw material key . 
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quartzites are located south of the bone bed as are the Mississipp i an 

and Pennsylvanian cherts . Moss agate, on the other hand, is fair l y 

evenly distributed throughout the site. 

The distinction between local and non- local materials appears 

significant. The separation of these raw mat e rial types suggests 

that the groups who came together for the bison kill mainta in ed a 

separat ion after the event. The material types are concentrated on 

opposite sides of the bone bed which also served as a meat cache 

(Frison 1982:38). Th e Kn ife River Flint comes from sources to the 

north in North Dakota. The Mississippian and Pennsylvanian cherts 

and Lower Cretaceous quartzites re present both the Bl ack Hills and 

Hartville Uplift of eastern Wyoming. The moss agate, which is 

avai lable loca lly, was found throughout the site and was apparently 

used equally by all site occupants. Thi s evidence suggests that at 

least two groups are represented here, one whi ch came from the north, 

and one from the region of northeastern Hyoming and that these groups 

maintained some degree of separation. 

The concentration of material types might also be accounted for 

by activity areas where spec ifi c raw material types happened to be 

worked. Another explanation might be that one set of the raw 

mat erials actually represents an earlier occupation (Fr ison 1982:38). 

The Agate Basin component of the Agate Basin site has 17 material 

types represented in the tool assemblage and 19 in the debitage 

assemblage. Mississippian and Pennsylvanian cherts and Lower 

Cretaceous quartzites make up an equal percent of the tools by weight 

(27%). By count, however, there are nea rly twi ce a ~ many tools of 
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the cherts than of the quartzite. The tools of this quartzite tend 

to be larger than those of chert. 

Tools of Knife River Flint comprise 21.5% of the tool assemblage 

(20.7% of weight}. Of the 41 artifacts of this material, 78% are 

projectile points. This is nearly half ·(42.1%) of the projectile 

points in the assemblage. The distance to the source of this 

material along with its relatively high frequency in the tool 

assemblage suggests that there was a preference for the material. 

There is very little debitage of Knife River Flint indicating that 

most of the material was brought to the site in the form of completed 

tools. Most of the projectile points recovered from the site were 

broken. This might account for the fact that they were not carried 

off when the site was abandoned. 

Twenty-five of the 26 scrapers in the Agate Basin component are 

made of chert. Nearly half (46.2%) are made of Mississippian and 

Pennsylvanian chert and three are of Knife River Flint. One scraper 

is made of Lower Cretaceous quartzite. These are the three most 

abundant raw material types in the assemblage. Thus, apparently the 

raw materials are not equally distributed within the tool categories. 

Most of the uti 1 i zed flakes in the Agate Basin component ( 44.4% 

of number) are of Mississippian and Pennsylvanian chert. By count 

35.1% of the tools are of this material. They make up 27.2% of the 

weight. Some curation or preservation of the material is suggested 

by the low proportion of debitage which accounts for only 2.4% of the 

total debitage weight of all materials. The total weight of tools of 

..a.:..._ 
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Mississippian and Pennsylvanian chert i s 714.7 grams while that of 

the debi tage of this materia 1 is 98.4 grams. 

The weight of tools in the Agate Basin component of Lower 

Cretaceous quartzit e (710.3 grams) is more near ly equal to the 

debitage weight (525.6 grams). Th e quartzites genera ll y or 

frequently resemb l e the material from the Hartville Uplift and Old 

Woman anti cline area. As Mi ssiss ippi an and Pennsyl vanian cherts of 

good quality are also available in t he Hartvil le Uplift , both 

materials may ha ve been acqu ired at the same time. Overall weight 

indi cates much more quartzite was acquired than che rt , suggesting it 

is the preferred material. 

The weight of mater ial types was plotted against di sta nce to 

source areas (Figures 18-22). The domin ant material types tended to 

be t hose with sources within 100 kilomete rs of the sites . However, 

given the locati on of the sites and source areas, and the assumption 

of closest possible source, this analysis suggests that this graph 

may actually reflect the geographic positioning of the site in 

relation to uplifts rather than a true correlation of mate rial t ypes 

with distance. There appears to be drop-off in the f reque ncy of 

material from sources greater than 100 kilometers fro m the Agate 

Basin site. At the ot her sites the drop-off dist ance is even le ss . 

Knife River Flint is the exception, exhibiting a rel at i vely hi gh 

frequency in relation to the distance to its source area . 
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CHAPTER VIII 

SUMMARY OF RESEARCH AND CONC LUSIONS 

The significance of r aw mater i al representation is a comp l ex 

iss ue. It i s apparent that several factors influence the types and 

amounts of raw materi al s found in an archeolog i cal site. Howeve r, 

the influ ence of eac h factor and the degree to which it can be 

examined varies with each site. 

It is assumed that lithic raw mater ial s refl ect areas expl oited 

and that the dist ances between so ur ce areas and s i tes may be 

indi cati ve of the size of t he areas exploited. The raw materia l s at 

t he Hawken site are primarily f r om sources in and around the Bl ack 

Hills area, which suggests a relatively smal l range of exp l oi tation. 

Sites such as Vore, Piney Creek and Agate Basin contai n raw materials 

such as obsidian (Piney Creek site ) and Knife River Flint (Vore and 

Agate Basin sites) from more distant sources which suggests a wider 

r ange of exploitation. Reher and Fri so n (1980:1 28 -1 34 ) have used 

distance to so urces in ca lculating a "mobility index" for several 

sites i n northeastern Wyoming, which i ncludes the five sites examined 

here, and found s i mi larities in the degree of mobi li ty represented in 

sites of s imilar ages. It is suggested that the size of the range 

and number of di st inct sources exhibi ted might al so be indicative of 

the type of aggregatio n represent ed at the si te . Aggregation of a 

few family groups would li ke ly result in raw materials representing a 
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smaller range, while large aggregation of one or se veral bands would 

probably result in the representation of raw mat erials from more 

distant sources. 

The raw material types represented in the Aga t e Basin and Folsom 

assemblages of the Agate Basin site are very similar. This suggests 

the same areas were exploited by the inhabitants of both levels. 

Some continuity in adaptive strategies in this area during the early 

part of the Paleoindian period might be indicated. In contrast, the 

variation in frequency of raw materials represented in levels 1 

through 8 of the Vore site suggests variability in areas expl oited by 

the occupants of the site. These are tentative but suggestive con­

clusions based on two sites and further analysis of other sites is 

required to determine the consistency of these findings. 

The assumption that the relative frequency of raw materials may 

be proportional to the number of people at the site from that area is 

complex. Simplistic applications of this assumption were not 

intended by the authors (Reher and Frison, personal communication) 

and could result in inaccurate interpretations. Several potential 

problems with interpreting the frequency of raw materials are 

illustrated with data from the Vore site. Calculation of raw 

material representation by weight and by actual nu mbe rs result in 

figures which are considerably different. In addition, the 

frequencies calculated may vary depending upon whether one analyzes 

artifacts, debitage or both. Furthermore, it is apparent that 

distance from a source has some affect on the amount of material 

represented, as does material preference, and other factors, 
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indicating that the frequency of material may not reflect the 

proportion of people from a source area. 

Apparently, it may also be qu es tionable to assume, that raw 

materials at a site were procured from the closest possible source. 

Analysis of materials from the Vore site in the Black Hills suggests 

that many of the Lower Cretaceous quartzites in the as semb la ge were 
I 

from the Hartville Uplift or Old Woman anticline source areas, which 

is not the closest source. In contrast, the Lower Cretaceous 

quartzites from the Hawken site, also in the Black Hills, indicates 

that the Black Hills was the source of these quartzites. Thus, the 

assumption works for some cases and not for others. The abi 1 i ty to 

identify the source area of the Lower Cretaceous quartzites makes a 

significant contribution to analysis of both sites. 

Tools and debitage were examined from the Agate Basin si te 

assemblages allowing for more extensive examination and compa ri son of 

raw material representations. It is apparent from examination of the 

Agate Basin assemblages, that there are some differences between the 

representation of raw materials in the debitage and in the tools. 

Comparison of tools and debitage ca n be in fo rm ative about the 

curation of tools and raw materials and extent of utilizati on of raw 

materials. For example, many of the tools in the Agate Basin and 

Folsom components were of Knife River Flint, especially projectile 

points. The re 1 at i ve ly sma 11 amount of debit age of this materia 1 in 

both assemblages indicates most of these tools were not manufactured 

at the site but were brought in as completed or ne a rly comp le ted 
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tools. In addition, the presence of raw material types found in 

debitage but not in tools is indicative of tools which were present 

at one time (Frison 1967, 1970). 

The stratified sites indicated that there was some variation in 

the types of materials used over time, especially at Vore and Kobold. 

In most cases, the major material types were represented in all 

levels of a site, though in varying frequency. However, variation of 

raw material frequency between only five sites cannot necessarily be 

attributed to change through time; because analysis of only five 

sites does not provide an adequate basis for such determinations. 

The variation in frequency of raw materials may also reflect the 

intensity or duration of exploitation of the areas represented by the 

material types. 

Variation in the frequency of raw materials was expected to 

reflect seasonality to some extent (Loendorf 1973}. However, the 

frequency of raw material types at the Vore site \'/as examined with 

reference to seasonality of site use as determined from tooth erup­

tion schedules and the correlation between raw material frequency and 

seasonality was not shown. Assemblages representing similar seasons 

of use were not necessarily similar in raw material representation. 

It is also noted that the Vore site represents a very complex record 

of use because it was utilized for approximately 300years during 

several seasons. It is possible that seasonality was important in 

raw material representation, but could not be ascertained in this 

analysis. 

An inverse relationship in the frequency of porcellanite and 
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Lower Cretaceous quartzite was noted in the site assemblages. This 

may reflect seasonality given the degree of exploitation of the basin 

as opposed to the foothills areas, the respective sources of these 

materials. The trend was also noted in the two site areas of the 

Piney Cree k site, although both areas represent the same season of 

use. The trend at Piney Creek is, however, very slight and possibly 

insignificant. In general, the raw material representation of both 

kil l and butchering areas at the site is very similar. 

The provenience of raw materials in a site proved significant in 

the Folsom component of the Agate Basin site. Here there was a 

marked separation of Knife River Flint from Lower Cretaceous 

quartzite and Mississippian and Pennsy lva nian cherts. This 

separation is attributed to the post-kill occupation of the site and 

may suggest that a separation of groups was maintained. There did 

not appear to be any significant concentrations of raw material types 

at the other sites examined. 

Distance appears to be significant in the frequency of raw 

material. The dominant raw materials tend to be from sources within 

100 kilometers of the sites • .The except ion to th is is Knife River 

Flint. In many cases the amount of Knife River Flint exceeds that of 

material from close r sources. The high proportion of Knife River 

Flint might indicate direct procurement of the materi al and cu ra tion 

of the artifacts manufactured from it (Luedtke 1976). 

The frequency of cortex on flakes appears to be related to 

distance. In the Agate Basin site, the percent of debitage with 
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cortex from sources greater than 40 kilometers away was significantly 

less than that of material from sources within 40 kilometers. This 

may be a useful indicator for det e rmining possible sources of 

miscellaneous raw materials. 

The size of debitage was expected to be related to distance, 

however, no correlation was noted and the nature of site activities 

appears to be more significant with regard to debitage size. The 

Folsom level of the Agate Basin site exhibits more variation in the 

size of debitage of the various raw materials than is apparent in the 

Agate Basin assemblage. The greater variation in raw material size 

in the Folsom assemblage probably relates to the variety of 

activities and tool working needs associated with the post-kill 

occupation of the site. 

Though raw material representation can be informative it is 

obvious that more research is necessary since the representation of 

raw materials in a site is more comple x than is common1y assumed. 

The analyses presented here deal with five sites and the results are 

not intended as conclusive statements, but are suggestions and 

comparative data for further work. Some of the assumptions made 

concerning raw material representation have been examined and a 

measure of caution is suggested for the analysis and interpretation 

of lithic raw materials. 
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F0\1 l l 3 3 -0 NO~HOO) f0\0 1 3 l 3 -0 N08HOOO F027 1 3 3 2 - 0 H09H015 
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FC\1 1 3 I < - 0 11085£005 F C40 l 3 l ( 1 0~ HOBH,OO f029 1 l 1 2 4 IIO'lH0 1 5 
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00 71 l 3 3 3 - 0 11000 £020 FOJ I l l l - 0 11085ED 10 FOll 1 3 l 3 -0 H0 90 f 0 10 
DAlbO l 3 3 4 -0 11090£000 FOl 1 3 3 3 -0 11085£01 0 FOll 1 3 3 2 . -0 11090£010 

__ Q A34 ~_1_ l !~---Q___!l0~5 ~QOO fOl l l I l 41 11 9~HQ!O f033 __ 1_}_ 3_ 2 __ -o_ tt09D(Q J O __ _ 
OAJ I 8 1 3 3 4 - 0 N0 85£C l 0 F OJ 1 3 3 3 - 0 11~65£0 1 0 F03 3 I 3 1 2 -0 110'10£0 10 
0 13 ~9 I 2 1 3 - 0 IIOBOEOZO F03 1 3 3 2 - 0 N 0~5! 010 FC33 1 l I 2 -0 N090 EC 10 

__ O AJ 38_1~ 3 - 0 NO~Q)!OOO F_!l .l 1 l l 2 - 0 1108~£0 1 0 F Q}3 1 3 1 2 - 0 HO~Pl9 1 0 ___ _ 
F06\ l 3 1 3 - 0 HOOHOOO FC3 1 l 1 2 - 0 N085EOIO f033 1 l ] 2 - 0 HOQ0£0 10 
Ollb'l 1 3 l 3 - 0 N080£000 F 0 3 1 l l 2 -0 H085E0 10 ' F 0 33 1 3 1 2 -o HOQ0 £010 
OA H0 _ 1 _3 __ 3 _3 _ _ -_ IL_I!Oqo( DCC F03 _ _ 1_L! _ 2 _ _ - .Q___!!QH! QJO F Q ~_3 _ _Ll_L1 _ _ -_0 _ _J!_D90EO 1 ,_0 _ __ _ 
~AHQ 1 l 3 3 - 0 IIOdHCOO F OJ 1 3 1 2 10 NOSHOIO FO)) 1 3 1 3 -0 NO'l OEC IO 
0&339 l 3 1 3 -0 11095£000 34802 1 3 1 4 20 II OPPO FOB 1 3 3 2 -0 II Oq0£010 

_ _ O A3__ll___j_3_L.L__:_~Q~~E020 _Q~l~b l l 3 3 -0 IIQSHOOO fOB 1 l l L_=P__tjp~OE Q IO ___ _ 
tiH I 3 3 3 - 0 NOPPO 0A359 1 3 3 4 48 11 080£ 020 FOB 1 3 1 2 -o HO'l0£0 10 
HH 1 3 1 3 - 0 IIOPPO 0 12 '18 1 3 3 4 -0 NOPRO FOJ 3 I l 3 l -0 11090[010 
NN __ 1_ 3_ ! _ 3 _ _ -Q_~P~O OAZe9 1 3 3 4 - 0 IIO~ Q~O QO F O.J.L_J_}_1_L__J~OQ9£Q I O __ _ 
01 1 3 1 ] - 0 t.OPPO FOb \ 1 3 3 4 8 7 11005[000 f 1 1 3 l 3 - 0 H075£ 5W5 
IIH I 3 3 2 20 2 t.OPAQ F 038 1 3 3 ( 1 H0 85W005 F l l 3 3 4 -0 H0 7 5E5115 
OAZil l 3 l i I 111 05£0 15 f02 \ 1 3 3 2 -0 NO'lHOOO fl l 1 3 3 -0 N075£5W5 

--oAi~b- 1-13 -J--"blii o5£0 15 F02 4 1 3 1 1 -o Noqslooo F1 1 1 3 1 -o llo75iiw; ----
F 0 4b I l l 3 15 H0~ 0£020 F OZ4 1 3 3 l - 0 110'15[000 F 1 1 3 3 3 - 0 N07 5£ 5W 5 
F 0 4b 1 3 I 2 -0 IIOd0£020 F 02 \ l 3 3 3 17 N095£ COO f1 I l 3 l -0 H075 f5 W~ 

--FCH--1- J_ 1 _Z _ __ OtiOiiiiFo 2 o--.---Fo2~--1-3 1 1 - o 110Heoo s Ff ___ 1 _ 3 _J_3---0Ho75!~w5 _ __ _ 

F 0 4b 1 3 1 Z - 0 110dC I 020 f02b 1 3 1 3 -0 110 95£0 0 5 F1 1 3 1 l 63 N0 7515W5 
F04b 1 3 1 2 -0 1108 0 £0 20 FOH 1 3 1 3 -0 N09H 005 F 1 1 l 3 3 - 0 1107H5 v 5 

--- F 0 \6--i]-i - z-:oiioilo r o zo Fo2b 1 3 1 1 -o HoiiS i:b os 1 : - F1 1 1 1 1 - o Ho 75o w5 _ __ _ 
FO\~ 1 3 1 2 - 0 H080E 02 0 F OZ6 1 3 3 2 17 N095F005 ' fl 1 l 3 3 -0 H0 7 5f5115 
F C\6 1 3 I z - 0 11080l0ZO F057 l 3 I 3 - 0 IIOPRO F 1 1 3 l l -0 I1075E5W5 
FO•b- 1 l - 1 ,--- 0- iiOb OlDZO F o )7- -l l 3 > - Oi<UPiio Fl _ __ lll 2 - o ilo75£)ii '="s----
FC H I l I Z - 0 11080 1020 f 0~7 1 l 3 3 -0 NUPRO Fl 1 3 3 3 -0 H0 75[5115 
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F 1- _ 1_ 3_ 3_ 3- - -0 - ,.0 lSES ::-:~ 5,.------;F;-:::0:-~ -~~:z:---;_0;--;:N:;:;O; B;-;-5;-;;E 0:-;-:1 0:;--·-~NH,----:--:-~-::-z ---;:-0 --::::,.O~P R;-::G--
F1 1 3 3 3 -0 N075E5W5 FO~ Z -0 N0~5E010 HN Z -0 HUPPO 
F1 1 3 3 3 -0 ~07>l5~5 FO~ 3 U NOB5E010 NN 2 -0 NliPRO 
F1 1 3 3 3 -0 ~075E5W5 F07 1 l 3 3 -0 H110E010 Nil 1 3 1 2 -0 NOPPO 

__ F 1 _ _ 1 __ 3_1 _l__:-O_!t97H~W5 f07 __ _ 1_ l_3 _ 2 __ l._Nl10EC 1!L_ ___ HPL_1_ 3_1 2 -0 IIO~~.o__ 

F1 1 3 l Z -0 N075E5W5 0•19~ 1 3 3 2 1 11110[015 hN 1 3 1 2 -0 NOPPO 
f 1 1 3 3 3 -0 N075f5W5 NN 1 l 3 3 2 NOPRO HH 1 3 1 3 -0 IIOPRO 
F 1 1 3 3 3 -0 ~0 7H~W5 liN I ) 3 Z -!L_!<UPRQ__ HH 1 3 1 L___=O NQOpQ 

--- - Fl -- --- 1 3 - 3 3--~o- ,.o75l5w5 ___ _ _ "" ___ 1_ i _ 3 __ 2 ___ 2 Ho"Piio ---"ti--1--3 · 1- 2 -oNuPiia __ _ 
F1 1 J 1 2 -0 11075£5W5 NH 1 3 1 2 -0 HOPRO NN 1 3 1 Z -0 NOPRO 
F 1 __ 1_ 3_}_2 _ _ -!)_l!QLH~w NN 1 3 3 2 -0 ~O~!!_Q_ HH 1 3 1 2 -0 NOPRO 

- - F1 1 3 1 2 -0 N075[5W5 NH 1 3 3 3 -0 IIOPRO ---.- NN 1 3 1 2 -0 NOPRO 
F1 1 l 3 3 -0 N075E5W5 HH 1 3 3 3 -0 NOPRO HH 1 3 3 3 -0 llOPRO 
F 1 1 3 1 2 -0 _tl 0l50W5 NN 1 3 1 _l___::_!)_JtOPRO___ HH 1 3 3 2 -0 NQPRO 

---- F1 _ __ 1 _ J __ 3 _3---o· · N075E5w5 NH--1- 3 --1-· 3 -o NOPPO ---H~---1- 3 l-2--29NOPP O __ _ 

F1 1 3 1 J -0 11075f5•5 IIH 1 3 1 3 -0 HOPRO NN 1 l 3 Z -0 HOPPO 
_ _ F1 ___ 1 .. L 1 _?__::-0_jjQ.lH5w~ H~~_Lj_l _ _ -O_tjp_f!!_O___ Hll 1 3 3 2 -0 NQ~~O _ _ _ 

F 1 1 3 3 c H N075E 5115 NN 1 3 3 2 -0 NOPRO ---NH---1) 1 Z -0 HOP PO 
FC27 1 3 3 ) -0 N095E015 HN 1 3 1 2 -0 NOPRO IIH 1 3 1 2 -0 HOPRO 

__ F0?! _ _ 1_L~0-'0~H0 15 ____ P!Ii_l.J 1 2 -O_JlO~PO__ HH 1 3 1 Z -0 NJ)~ ~ct_ 
FOl7 1 3 3 J -0 N!>9H015 NH 1 3 1 < -0 HU PR O ---HH 1 3 1 2 -0 HliPRO 
F Oll 1 l 1 3 q NO~OE010 Nil 1 3 I 2 -0 HOPRO HH 1 J 1 Z -0 NOP RO 

__ HH_ __ t_LLL-=.~],1~_!! tt!'___l • .JJ_ Z -o tlO.!'I!'l!-___ H!' ___ 1~ 1 2 -12..__hl!~!!__ 

UN 1 3 3 3 -0 tiUPPO NH 1 3 1 2 - !> HOPRO IIH 1 3 1 2 -0 HOPRO 
lit< 1 3 3 { -0 tJUPRO IIH 1 3 3 2 -0 HOPPO HN . 1 3 1 2 -0 NOPRO 

--"~--L3 _3 _3_::Q_1tQ~!!O t•~ ---LLL? __ -!L..!!!l~!_ll____ ___ '!tt ___ 1~_ 1 _Z -o up~~o __ _ 
NN 1 3 J 3 -0 tiUVRU Ntl 1 3 1 3 -0 hOP RO NN 1 3 3 2 -0 HUPRO 
tttr 1 l 3 2 - 0 IIUPPO NN 1 3 1 2 - 0 IICPPO NN 1 3 ) 2 -0 NQPP(' 
ttU ___ 1 _3_ 3 __ 2 _ _ -0__!I_QfRIJ. H 1 3 l 3 - 0 NGP~.n_ ___ NH _ __ I_3_3~_N!J~~-Q__ 

liN 1 3 3 3 - 0 tlOPRO HH 1 3 3 3 -0 NOPPO HN 1 3 3 Z -0 HOPRO 
ttN I 3 3 2 -0 tlOPRO IIH I 3 1 l 29 NOPRO NH 1 3 1 2 -0 NOPRO 
tiN 1 3 3 2 -G NOP•O NH 1 3 1 3 -0 NOPRO HH 1 3 3 Z -0 HOPRO --;,ti ___ i33-z-::o-NaP~ o HN ___ 1_ 3T""z-::o-uiiPii_o ___ ____ uH ___ 1_ i 1 2 -o Niliiiio _ _ _ 

H N 1 3 3 2 2 b ~ 0 P R 0 N ~ 1 J 1 3 -0 N 0 P P. 0 H N 1 3 1 2 -0 NO P R 0 
rtU l ) 3 Z -0 HU?RO Nil 1 l 1 3 -0 NQPRQ toN 1 3 I 2 -0 NCPRO 

--,,--- 1- Ji- 3--o-;ioiiii o HH 1 3 1 z -o NOPao NN 1 1 1 z -o Hiliiio __ _ 
liN 1 3 1 3 -0 tiOPRO liN l 3 1 Z -0 HOPRO NN 1 3 1 Z -0 HOPRO 
ttN 1 3 1 2 Z NOPPO NH 1 3 1 2 -0 IIOP~O HH 1 3 I Z -0 UOP RO 
Fo~il--i -3-1--3--:0IIo&o~ooo----;.,.---i-3-1z--=0Nii;;R"o _ _ _ ___ NH 1 1 1 z 2S"NoiiPo _ _ _ 

F048 1 3 1 3 -0 NOBOWOOO NN 1 3 3 2 -0 NOPRO HN 1 1 3 3 2 NOPRO 
FOH 1 3 I 2 -0 ttOBOWOOO NN 1 3 1 3 -0 NOPPO NN 1 3 3 3 -0 NOPPO 

- - F048- l 3 Z -o NO~OwO CO NH 1 3 1 2 -o NOPRO NH 1 3 3 2 · -o HO PRO __ _ 
F048 I 3 3 3 -0 HOdOWOOO HN 1 3 3 2 -0 NOPRO NH l 3 1 3 -0 ttUPPO 
FO~B 1 3 J 3 -0 N080W000 NN 1 3 3 2 -0 HOPRO NH 1 3 3 3 -0 NOPPO 
F t ~e 1 Y 3 · j---o- i<oaoiiooo HN 1 3 1 2 -o NiiP P. o------,.t~---~-n-3---ii-NoPiici __ _ 
FO~B 1 3 Z 21 NOB0\1000 loH 1 3 l 2 12 HOPPO liN 1 3 3 3 - 0 HOPfO 
F035 1 3 3 3 tt090 EOOO HH I 1 3 2 -0 ~OPRO HH 1 3 1 2 -0 NllPRO 

---H N 1 1 2 z - NOPR O tttt 1 3 3 2 -o uiiiiiio NH 1 3 3 2 -o NOPiio __ _ 
F01b I 3 3 -0 tt1 05E020 NN 1 3 l 2 -0 HOPRO HH 1 3 1 2 -0 NOPRO 
F01b 1 3 1 Z -0 tU05t OZO HN 1 3 1 2 -0 NO~!!O___ NN 1 3 I 2 -0 tlOPRO 

---f09 __ 1 _ 1 _ 3 _ 3 __ 7til05iiilo5 ,.,.---~ 3 1 2 b NO PRO ---HH 1 3 -TT--=O"Hoiiiio __ _ 

F017 1 3 1 2 -0 t110GE025 NH 1 3 1 2 -0 NOPRO UN 1 3 1 2 -0 NOPPO 
F017 I 3 1 2 3 ~IOOE025 NN 1 3 1 3 -0 HCPRO NH 1 3 3 2 -0 ttOPRO 

--- F, - - - 1])" 3 - 0 tti loEOi5 NH 1 1 1 3 15 NOPR_O _ _ _____ H_H ___ 1_3-:rz--=Oiloiiiio __ _ 

Fb 1 3 3 2 -0 tt110E015 hN 1 3 3 3 3 HOPPO . ttN 1 3 1 2 -0 UOPRO 
Fb I 3 3 2 -0 t1 110f 0 15 NN 1 3 1 3 -O HOPRO NN 1 3 3 3 -0 NOPRO 

--- H;--1- 3 · 1 · z 7 toilOE OI 5 ___ NN 1 3" ) 3 -0 ttOPP_ O _ _____ NH---cJi-2---iiiWPRO _ _ _ 

F02 1 3 3 3 10 ttO U5 fCIO NH I 3 3 2 -0 HUPRO liN 1 3 3 2 -0 IIOPRO 
FOZ 1 3 1 3 Z tt065EO[O HN 1 3 1 3 -0 HO~P_O___ NH 1 3 3 3 27 NOP~O __ _ 

- - - 0A iqJ1]) - z--- 0"111l0(005 HH 1 3 3 3 -0 NOPPO " - .- .--NN 1 3 1 2 -0 tlQPRO 

0 , 193 I 3 1 3 3 tt110E 005 NH 131 3 -0 ..- NOPPO NN 13 I Z -0 NOPPO 
fO ~ I 3 3 3 -O NO,~ I. O IO NN I 3 3 2 -0 NOPRO NN 1 3 3 2 -0 NOPOO 
f O ~ 1 3 · 3 3 -- ~NOB5(oio ,.,,--1- 3 2 -o NOPPO------,.,. 1 3- i - z-::o- u or• o _ _ _ 

f o• 1 3 3 -o ~oas E O I O NH 1 J z -c ho••o "" 1 1 J 2 -o hn••n 



- ---- - - - --
Nl. 1 3 -o hD•~o HH l c -o NOP~O NH 1 3 1 2 -o NOP~O 

liN 1 3 -o NOPPO NN 3 2 -o NOPPO HH 1 l 3 2 -o HOP~O 

liN 1 l -o flO PRO Hfl l 2 -o NO PRO HH 1 l 1 2 -o IIJPRO 

Nil 1 3 1 c -o NUPRO NN 1 3 1 2 -o NOPR O HH 1 l 3 2 -o NOPR 0 
_ _ __ HN __ L l . L Z---=O. _ILOeP. !IN _ __ LLLZ -Q ~C~P O N~ 1 l - Q HQ.l'~_ll__ 

NH 1 l 3 2 -o ttOPRO HN 1 3 l 2 -o NO PRO HH 1 3 -o flO PRO 

Hh 1 3 1 z -o HOPRQ HH l l 3 z -o HO~RO NH 1 l l 2 -o NO PRO 

____ ttN ____ 1 . 3. 3_a_-o !OPPO !il!_l l 1 z -~Q~•o H!!___l_LL~~O~RQ__ 

HH 1 J 1 2 - o II~PRO NH 1 3 3 2 -o NOPRO liN 1 3 3 2 -o IIOPRO 

HN l l l 2 - o HOPRQ HN 1 l 1 z -o NOPRO NH 1 3 1 z -o NO PRO 

___ NH __ l_Ll_2___::~1DPJ! ~N 1 l 1 -Q IW~• .o ~~~ 1 J l z - Q tiQPRQ 

hN l 3 1 2 -o NQPRO NH 1 3 1 -o NO PRO NN 1 3 1 2 - o NO PRO 

Nh 1 3 1 2 -o NOPPO tiN 1 3 1 2 -o NO PRO NN 1 3 3 2 -o NO PRO 
_ _ __ Hti __ ___ 1 3 1 _ 2_-0-':lOl' ~O 1l~ _ __ 1_L.L~_JI.!JFR 0 H~__L3 1 z Z~_JIOe@o.__ 

HN l 3 1 ' 1~ NOPRO NN 1 3 3 2 27 NQPR O NN 1 l l 2 -0 NO PRO 

NH 1 3 3 3 - o HOPRQ tiN 1 3 1 2 -o NO PRO NN 1 l 1 2 -o NO PRO 

___ NH _ _ 1_ LLL--JLJ.O£ BO tiN 1 3 1 2 -o NOPRQ H!i_Ll l z -P H0£.!!1L_ 
HH 1 l 3 3 -o HOPRO HN 1 3 3 2 -o NO PR O NH 1 3 3 2 -o HQPRO 

NN 1 3 l z -o IIOPPO HH 1 3 1 l -o NOP~O NN 1 3 3 3 -o HOPRO 

__ NN ___ Ll .L'--.=~tOPRO HN 1 l 3 2 -Q HU_~~ O ~!!.__.1 3 1 3 b_l!lle..!!IL_ 

NN 1 ) 3 2 -o NUPRO NH 1 3 1 2 -o NO PRO NN 1 3 l 3 -o NO PRO 

NN 1 l 1 ' -o NO~P O NN 1 l 1 ' -o NO PRO HN 1 3 1 3 -o NOP~O 

___ liH __ L 3_ 3_ Z--=.ILJUIUO HH 1 3 l 2 - o NO~RO NN 1_1_} z - Q HOe.!! a.__ 

NH 1 l 3 2 - o NOPRO NN 1 3 1 2 - o NO PRO HN 1 ) 3 2 -o NO PRO 

NH 1 3 3 z -o IIOPRO ~H 1 l 1 3 -o ND~RO HH 1 3 3 2 -o HOPRO 

__ _JIN __ L.L3 _l.._=~!Of•. HH 1 3 1 2 -o NO PRO NH 1 3 I 3 -Q HOP~!)_ 
NN 1 J J 2 -o ~u••c NN 1 3 l 2 -o NOPRO Nil 1 l l z -o NO PRO 

NH 1 3 J 2 - o NO PRO NN 1 3 3 -o HOP PO HN 1 3 1 z -o HQPRO 

__ t<N __ L.J .. LL.-=.O__IUlP~O HN 1 ! ~ 2 -o N!!e•o HN 1 3 1 l -o NQP ~_Q__ 

Nh 1 3 3 2 -o NOPPO liN 1 3 1 2 -o NOPRO NH 1 3 3 3 -o HOPRO 

HN 1 l l z 23 NO PRO HN 1 3 3 2 -o NO PRO NN 1 3 3 3 -o HOPRO 

___ Nf1 __ 1_LLl - Q NOF.PD NH 1 l 1 2 -o NQPkO NH 1 l 3 3 -o HOPRO 

NH 1 3 l l -o HOPRQ HN 1 3 l 2 -o rrOPRO tiil 1 l 3 3 -o 
HOP PO _ _ __ 

NH 1 3 1 3 -o HOPR(I NH 1 3 1 2 -o NO PRO Nil 1 ) ) 3 -o NO PRO 

_ __ 1111_ __ _1 - ~- 3 __ 3 __ -_!LJllJ.!'J! O UN 1 3 1 z -o HOPAQ IIH 1 l 1 2 - 0 NO PRO 

Nil 1 3 1 z -o HOPRQ NH 1 3 l z -o NO PRO NH 1 l 1 3 27 NO PRO 

NN 1 3 1 ) - 0 IIQPAO liN 1 3 1 2 - o NOPPQ NH 1 3 1 z -o NQPRQ 

---~~~--1 _ _3 _~_3 __ -p_fiOf~!l UN l ) 1 3 -o NQPRQ NN 1 l 3 3 - o IIOPPQ 

NN 1 l 3 ; -o NUPAO NN---1 ) 1 ) 23 ~o'Pii o HN 1 3 3 3 
-oNiiiii o ___ 

Nil I 3 1 2 -o IIOPRQ HH 1 ) 1 2 -o HOPRO HH l 3 3 3 -o NUPRO 

_ _ _ IIH ____ 1_ Ll l - o HQ~~c NH 1 3 1 2 -o tiOP RO HH 1 3 3 z - o HOP~O 

HN 1 3 3 2 -0 NOPRO NH 1 l 1 2 - o NQPRO HH 1 3 1 z -o NO PRO 

Nil l 3 1 z -o IIOPRO NH 1 3 1 2 - o NO PRO HN 1 3 l 3 -o UOPRO 

Nil 1 3 l 2 -0 II!)PRQ_ HN 1 l 3 2 -o NQPRO NH 1 3 3 2 -o ' HOPRO 
---NN-- 1 --3--l - 3---0tioi>io --- ,;;; l ) 1 2 -o NOPR O NH 1 3 1 2 -o IIO P ~O 

NN 1 3 1 3 - o IIOPRO liN 1 3 ) 2 -o HOPRO HN 1 3 1 2 -o IIOPRO 

---~h __ 1_ 3 __ 1 _2 __ - Q.___@!!.Q Hll l 3 3 2 -o NO PRO NH 1 3 3 2 -o HQPAO 

liN 1 3 1 2 -0 NO PRO 1111 I 3 3 2 -o NO PRO NN 1 3 ) 2 -o HOPRO 

1111 1 3 3 3 -0 NU PR (I NH 1 3 1 2 -o NO PRO liN 1 3 1 2 -o NO PRO 

___ !<11 __ 1_ 3 _~_ z __ -O_J!OP~ Q IIH l 3 3 2 -o NO PRO NN 1 3 1 2 -o NOPRO 

UH 1 3 1 ) - o IIOPPQ 11 .11 1 ) 3 2 -o NO PRO HH 1 3 3 2 -o IIQPRQ 

Nil 1 3 1 3 -o IIQPRO liN l 3 l z -0 NO PRO liN 1 3 3 2 -0 IIOPR O 

--- IIN __ 1_ )_3_z_....._::_CL_l!j)£~0 liN l 3 1 2 -o llOPR Q NH 1 3 3 z -o IIOPRO 

NN 1 3 1 2 -0 IIOPAO iifr 1 ) 3 z -o IIOPR O Nil 1 ) , l z -o HOPAQ 

liN 1 3 1 2 40 NO PRO HH 1 3 ) 3 }q NO PRO HH 1 3 1 z -o HOPRO 

Nil 1 3 3 3 -0 ~OPPO liN 1 3 1 2 - o HOPRO HH 1 3 1 2 -o NO PAD 

- --;,it ·- - 1 ) . i - 3--- ()t;o'Pi!o-- 1- - NH 1 3 3 2 - o HUPR 0 NH 1 3 3 2 -o NOP~-0---

Hh 1 3 3 z - o NQPAO liN 1 3 3 z - o NOPPO NH 1· 3 3 2 -o IIO PR O 

Nil 1 3 1 ~ -0 NOPRO liN 1 3 1 2 -o NO PRO HH 1 l 1 2 - o NQPRO --

---~~,;--1- 3 
-

1 
-

3 -o NUPRO HH 1 3 I z -o HUPRO 1 3 1 2 ZB 
NO PRO ___ 

Nil . : 
HH 1 3 1 2 - c IIOPRQ NH 1 3 ) z -a IIOPRQ HH 1 3 1 z -o HOP PO f--

HH 1 3 _3_ Z _ _ - 9_!!0PWO IIH 1 3 3 z -o NQPPO 1111 1 3 1 2 -0 NOPPQ ,I>. 

----HII --·-1 ) 1 c -o NUPR Q fw--1)32 -o H1lHo 
NH _ _ _ 1_ 3_ l_2 - -_ o-;;op R 0--- 0\ 

Nh 1 ) ) z - o NO PRO "" 1 3 1 2 -o NOPkQ HH 1 3 3 2 -o toQPRO 



HN 1 3 3 2 -0 HOPQO HH 1 3 ) 2 -0 NOPRO FOJQ 2 3 3 · ~ -0 I<OS5W000 
NH 1 3 3 2 -0 t:OPRO HH 1 3 1 3 15 HOPRO 0AH1 2 3 3 ~ -0 11085EOOO 
IIH 1 3 1 £ -0 HOP RO HH 1 3 3 2 -0 HOPPO FOJQ Z 3 3 ~ -0 1108511000 
NH 1 3 1 Z -0 IIUPVO NN 1 3 1 2 -0 NOPRO 0AH9 Z 3 3 3 -0 H095E000 

___ N!<_ __ 1_ 3 . .l _~~~~!l~~ll---HH I 3 LL-=Q-'IOe.Rn 0AH1 2 l 3 ~ -0 !jQJjQ£00!!.__ 
NH 1 3 3 3 -0 NUPRO HH 1 3 1 l -0 HOPPO FO~q l 3 3 3 -0 H075EOOO 
HH 1 3 3 3 - 0 HC!PRO HH 1 3 3 2 -0 HOP RO 0A3~1 Z 3 3 3 -0 H085EOOO 
NH --- 1 3 l 3 _ -0 _!tOPR O ____ ~H __ l _l_l_. 3 __ -0_.ItOPQQ 1 _ _ _ LL.L.3_-0_JI07H~~)_ 
NH 1 3 1 3 -0 loOPKO hH 1 3 1 l -0 IIOP•O f039 l 3 I 3 -U 110d511000 
HH 1 3 3 3 -0 NO PKO Hh 1 3 3 2 -0 NOPRO OA347 Z 3 3 3 -0 NO&HOOO 

__ HH __ I _ 3 1 _) __ - J!_tjOPP llll_l_3J....3--=~0eRn Fj)ll_LJ_J~Q._Jt00}EOQL_ 
Hh 1 3 1 i. -0 HCPRO Htl 1 3 1 Z -0 HOPRO f 1 Z 3 3 3 -0 N0 75E5V5 
Nil 1 3 1 3 -0 UOPR O HH 1 3 3 l -0 HOPRO F1 2 3 3 3 198 H07SE5V5 
HH _ _ 1 _3 3 . 3 __ -o _ _ NOP~(J _ __ HH __ 1_3 _.J_z.____.=O_HOPPO Ole __ ~LL...;:LJ!.OO~VOO~--
HN 1 3 I 3 -0 IIUPRO liN 1 3 3 2 -0 NOPRO F038 l ) 1 Z -0 NOS511005 
HN 1 3 1 3 -0 NOPPO . NN 1 3 3 2 -0 HOPRO F038 Z l 1 Z -0 H085 •0C5 
HH_ ___ 1 _3 1 _~ __ -0_!IO~PO _ ___ NH I 3_3 Z -0 H'lpRO FO~S Z 3 1 Z -0 H 0 8~_!!QQJ_ 
Nil I 3 3 2 -0 NOPRO HH 1 3 3 Z -0 NQPQQ f0l8 l 3 1 Z 6 N08511005 
Ill! 1 3 1 Z -0 NOPRO HN 1 3 1 3 - 0 NOPRO 0A3H l Z 3 ~ -0 11095£000 

__ _tiH __ I _j _ )___L_..=QJO~R IH! 1 3 ..3_Z___.=Q__JIOPJI f Q6l Z 3 1 3 35 N!J!5{9_0_0 __ _ 
NN 1 3 1 i. -0 IIOPRO Hh 1 3 1 3 -0 NOO PQ f0t11 l 2 3 ~ 62 N10HOOO 
HN 1 l 3 2 - 0 IIOPRO HH 1 3 l 2 -0 Nil PRO F CH 2 3 3 2 I NOPRO 

___ !<h __ 1_ 3_ 1_l -0 !illP•O NH 1 3_3 1 -o HOUD fOZ' Z 3 1 3 3 IIQ9~~QJ!5 __ _ 
HH 1 3 I 2 - 0 IIOPRO HH 1 3 1 Z -0 HOPRO f039 Z 3 1 Z 2 1108 511000 
HH 1 3 3 2 -0 IIOP RO HH 1 3 1 2 -0 HOPRO Fozq Z 3 1 3 -0 H0'1H015 

__ Nil __ .1_ LLZ - o liD~ BO H!L _ __J_LLL-ZIL.JU!e! £.!!?~_}_} 2 -o IIQ95EJ!l)._ 
Nil 1 3 J Z - 0 NOPPO OA301 1 3 1 ~ 31 N110E010 FOzq 2 3 1 ~ 7 I1 0~5E015 
1111 1 3 3 Z -0 NUPRC OA17q 1 l 3 3 11 N110£010 f033 Z 3 3 2 -0 NO~OE010 

__ HN_L~ . 1 • .L__::~l)~RO F03J..__LJ 1 4 -0_1!09 0EQZO FOll Z 3 3 Z - Q H.0.9J!f.9JQ __ _ 
HH 1 3 l Z -0 NOPRO HN I 3 l Z -0 IIOPRO FOll Z 3 1 Z -0 11090[010 
NH 1 3 3 3 -0 IIOPPO Nil 1 3 1 Z -0 NO,RO f03l Z 3 1 2 2 N090E010 
11~ ___ 1 _.!_! 2 - 0 HO ~R O H!!_l_l_l 3 -o t<Qe~O F 1 Z 3 1 3 · -0 HQ7H~W)._ 
Hh 1 3 l 3 -0 IIOPRO HH 1 3 3 Z zq NUPPO f 1 2 Z 1 Z 8 H075E5W 5 
NH 1 l 1 3 -C ~O•RC FOH Z 3 3 3 -0 H085E005 f 0 ~8 Z 3 1 Z -0 N080WOOO 

___ !lh __ ! 3 l Z - O ~OP!!O f9.•l._.LLL3 -0 HO!H005 F0~8 Z 3 3 3 3 NQ~Q~.Q.QQ_ 
HU 1 3 3 Z -0 NOPRO FOH Z 3 1 3 -0 N085E005 f 1 Z 3 3 3 -0 N075£5V5 
Nil 1 3 3 Z -0 t.OPPO FOH 2 3 1 3 -0 N085E005 f1 Z l 1 ~ - 0 H075E5V5 

___ !<H ___ 1_ 3 l -~---.!!.._!!0~~0 f9~1 Z 3 l Z -0 IIQ_HE..QQ5 f1 Z 3 3 3 -0 ~Q75~~~5 _ _ _ 
HH 1 3 1 l -0 NOP RO FOU 2 3 3 Z -0 NOB5!005 f1 Z 3 3 3 - 0 N075E5115 
HI, 1 l 3 3 -0 NOPK(J f OH Z l l Z -0 HO!H005 f1 l 3 3 3 -0 H07H5V5 

___ NH ___ 1_} 3 Z -o HQ!J. O FQ.H_L) 1 2 - Q H.Q~~t.QQ5 F1 2 l 3 3 -o HO!H~5 __ _ 
HH 1 3 3 Z -0 HOPPO fOU Z 3 1 Z . -0 H08~E005 J f1 Z 3 3 3 · -0 H07H5115 
NH 1 3 1 3 -0 NOPPO FOH Z 3 1 l Z5 H085E005 F1 Z 3 3 3 -0 N075E 5 V5 

_ _ HH ___ 1_ 3J_j __ H_ II!JP~Q _ __ o~l15_?_L)_~ _ _ -!L...!ll.QQEQ~ F1 Z 3_ 3 3 -o !!~!g~w_5 __ _ 
NH 1 3 3 2 -0 HQPPO OAH5 Z 3 1 3 -0 N08HOOO f1 Z 3 1 l -0 lt075E5115 
HN 1 3 3 i. -0 t.OPRO OAH5 Z 3 1 3 -0 H085EOOO f1 2 3 1 3 -0 H075E5w5 
HN 1 l 3 Z - 0 NOPRQ OA3H 2 3 1 3 -0 NOB5f000 f1 Z l 1 3 -0 H075£5W5 

---ti,.---1- 1r2 -o HOPii o oi33823_ 3_3--7s-iioeoeooo Fi z 1 1 1 -o H07~oli,---
,.,. 1 3 l 2 -0 NQP RO fOH Z l 3 Z Z 11080£020 F1 Z 3 l l -0 H07H5w5 

_ _ !IH __ _ 1_3 _ 3_f__=Q._~t0~~() FQ•b_L1_L2 _ _ L!!~Q!QZO F! Z 3 1 3 - 0 NO!g 5w5 __ _ 
HH 1 l 1 2 -0 IIOPRO FO•O Z 3 1 Z -0 HO SHOOO fl 2 3 3 3 -0 H07HSW5 
Hh 1 3 1 3 -0 UCPa O FO~O Z 3 1 Z -0 11085(000 F02~ Z 3 1 3 -0 HOqHOOO 
HN 1 3 3 Z - 0 IIO~RO FC~ C Z 3 1~0 N085EOOO FOH Z l 3 3 -0 NOqHOOO 

---NH---r3-3- z-:oHo~iio Fo\o Z l 1 Z 7NOii>fOoo FOB Z 3 l 3 , lZ1 NO~H005 __ _ 
HH 1 l 2 Z -0 NUPRO FOl Z 3 1 3 -0 H0 8510 10 F027 2 l 1 3 . -0 110~5£015 
HN 1 l 1 l -0 IIUPPQ F03 Z 3 J 3 -0 NOS HOI FOZ7 Z l 3 3 -0 HOq H01 5 
,. .. - - - 1- 3 1- 2 ---oiiu•~o----~ ol--ZTl-l---O'Niia5eo1o ;:oz r-2· 3 1 1 -o ~<o <~Ho i -,---
,.,. 1 l 1 Z 1 b HOP PO FOl 2 3 3 l -0 11085£010 FOzr r J 1 ~ - 0 HOQ)£0 15 
HH 1 3 1 3 -0 IIOPPO f03 Z 3 3 3 -0 H085WO FOZ7 Z l 1 ~ -0 HOQH015 

---N~~---C3_)_3---0-IIOPAO f 0 3 Z 3 3 ~ 169 NOB5E0 10 FOlt 2 3 3 3 -o NO~iiiioo_o __ _ 
HU 1 3 3 3 -0 NOPRO FOJ Z l l Z Z H08H010 F038 Z 3 3 3 -0 H0,W0 05 
1111 1 3 l l -0 NQPPO f03 2 . L ! _ Z __ z HOSH010 FOl8 Z 3 1 Z -0 UOd5•00 5 

-- ~~ .. - --c 3 -33---o-;;u•~~----q·t~ o ~ u --z 1 1 • •o-;;QPiio oiq--rf-r-.---oi•o;~~ o oo __ _ 
1111 1 J 3 3 -0 IHIPQO OAlbl 2 l 3 ~ -0 HOSH005 FOH Z l 1 3 -0 •· ~ i5w000 

f-.­

"" --J 



fCl9_ Z . • ) ~ --.--;O~~i;c)oo Foii."--z)" i Z ' HIO HOZO f 3 1 3 Z -0 HOHO 
f OH 2 3 I ' - 0 ~08~WOOO f017 Z l I 3 - 0 HI OO EOZ 5 f 3 3 3 l -0 HUPRO 
F 03 9 2 1 3 l -0 NOH~~OOO F017 2 3 I 2 - 0 HI OOE 0 25 f 3 3 3 3 -0 HOPPO 
f 0 4 0 Z 3 I 3 -0 HOOH OOO f017 Z 3 I 2 -0 Nl00i025 F 3 3 3 3 -0 HUPP O 
F040 _ z l 1 _ 3 _ _ -O_ H08H00(1 FOIL_Ll_ l _ l - 0 I<! OOEQ.Z F__.l_l I < -O__!!OP P.u_ __ _ 
FLH 2 3 l 3 - 0 ~08HOOO f017 2 l I l 9 11100[0 25 F 3 3 l 2 - 0 IIOPRO 
F O\C 2 l J 3 -0 ~08HOOO f019 Z 3 I l b HI00 £0 15 F 3 3 l 3 -0 ~OPRO 

_ FO•O . • 2 3 1 3 __ ;-0_ N0 8HOOO OAl_bL_? 3 _3~ __ ll_!lO, OEOOO F ___ J_J_J_J _ _ -Q___!IO PRQ _ __ _ 
F O\C 2 ) I 3 - 0 HO~HOOO NN Z l 3 i: -0 NOPOO f 3 3 1 3 -0 HC! PR O 
F 04 C 2 ) 1 3 -0 h 0 d)[ 000 NH 2 l 3 2 -0 h~PRO f 3 3 3 3 -0 N0P ' 0 

_ __ FO~Q__LLl _l __ -O-'i08HOQQ llh 2 3 3 2 2 NC P~ _.3 l l -o llDPR~---
FC4C Z ) 1 l -(1 H08H:OO NN l l 3 3 -0 NOPRO 3 3 l 2 -0 NOPRD 
FOH 2 3 I 3 -0 N085E OOO NN 2 3 3 Z -0 HOPRO f 3 3 3 l -0 NOPRD 

_ _ FC4C _ 2 _). 1 3 __l 71_1!06HOOO HH _ _ _ 2 _ _L}_ 3 _ _ ~.-'lJl~P O f ___ J . L .L l _ _ -O_NDPRu_ __ _ 
FO•O 2 l l 2 - 0 11 0 ~ 5 ! 000 ti N 2 3 l Z I IICPRO f 3 3 3 3 -0 NOPPO 
FC40 2113 -0 NO,HO OO hH 231 2 -0 t.OPRO F 3313 - 0 NOPAO 

___ fo• o __ Z _ _l 3_ 3 __ - Q__JIOOHOOO Nt: 2 l 1_ 2 _ _ -L-.!!9 ~~0 ..L..LJ__J.L....I{OPRO __ _ 
FCH 2 3 1 2 -0 1108H OOO Nil 2 l l Z -0 HOPRD 3 3 3 3 -0 HOPRO 
H4 0 2 1 3 3 - 0 H08H OOO NN 2 3 3 2 - 0 HOP~ O 3 3 1 3 -0 IIOPRO 

_ _ __ FOH ___ 2 _ )..3_ 3 _ _ - 0._HO,HOOL _ ___ ~H 2 1 1 2 -0 HOP! l__JJ_l__:Q__IIOPRD---
f04) 2 l 1 3 -0 1108~ ! 0 25 NH 2 1 3 2 -0 h OPRO 3 3 ) 2 -0 HDPRO 
F04 b 2 1 3 ' - 0 N06Cto<O Hh 2 3 1 l -0 NOP•O 3 1 3 2 -0 NUPRO 

___ fC47 __ l_L1_• __ -Q_fiC ~j)l CCO_ Nil 2 3 _} 2 8 HO.f_!!O _.l_J_ l...___=:O_!IOP RO __ _ 
F047 2 l 1 4 -0 HOa OE COO HH 2 l 3 2 -0 HUP RO 3 3 3 2 - 0 HOPRO 
f048 2 l 1 3 - 0 1>080WOOO HH 2 3 1 2 2 HOP ~ O F 3 l 3 2 -0 HOPRO 

_ __ f048_L1 . . L1 __ -_o __ HO'O" OJ)O H ~ __ _ ?_l 3 3 2 h Q ~!O f ___ LJ 1 3 - Q__NOP.RO __ __ _ 
F04 8 2 2 I 3 -0 IIO~CJOOO OAH5 2 3 3 • b4 ~08 0[000 f 3 3 3 3 -0 HOPR[! 
FC48 2 l l 3 -0 t1 0 6CW CCO OAHO 3 3 3 4 23 11085EO I O f 3 3 3 2 - 0 HUPRO 

___ FO~& _ l_} L~.::P_I<98 0~0CO f;OH 3 l 1 3 -0 h l.l.Q.IQI) F 3_.3_3 3 - o HOP Ru_ __ _ 
F048 2 3 l 3 - 0 N080~000 F 0~ 8 3 3 3 3 - 0 HII OEO I5 F l 3 3 2 -0 HUPRO 
F 0 48 2 3 I 3 -0 11080 • 000 FC58 3 l l 3 -0 HllO E01 5 f 3 l l l -0 NOPPO 

--- FO•.@--l . l j _ 3 __ _ - Q_JIQ,OW090 F 0 58 __ 3 _~ __ !_] __ 2~J! J1EO I ~ _3_LL-=.O_l!O !~Q-__ _ 
F 0 • 8 2 l I 3 -0 HO~O•OOO FCH 3 3 l Z 2 I'OdOE OCO f J 1 l 2 -0 NOPRO 
F OH Z 3 1 2 -0 HO, OWOOO F 05 9 3 3 3 l 1 4 IIIOH OI O F 3 3 3 2 -0 HUP RO 

_fC5L___.Z_L I_<_.::_O_~OP~ F 0~9 3 1 1 3 - o NI051.9JO F J_J_l 2 -0 1!01!.._ __ _ 
F057 Z 3 I 2 - 0 tiOPRO F 059 3 3 3 3 25 1'105EOIO ! F 3 l 1 2 -0 HOPRQ 
f0)7 Z 3 I 2 -0 NOPRO 0050 3 3 3 ~ -0 NI05EOOO f 3 3 3 Z -0 llOPRO 

_ ___ 00b l_Z_L1 _3_J~L.Jl0§5£'1.05 OA333___Ll_ ~_l __ -L!!l!Q~!1J 5 f 3 3_l.j----=-2..__NOf~Q---
OAlbl Z 3 3 3 -0 N08H005 OA3~ 3 3 1 3 -0 to ~ 9 H0 2 5 F 3 l 3 2 -0 HOPR O 
0Alb3 2 3 3 3 -0 ~0 6 5E 00 5 0Alb5 3 l 3 3 -0 NOI H 015 f l 3 3 3 - 0 NOPRO 

___ 00~3_?_3 _j_ 3 -0 NO~H 095 F Ob 5 3 3 3 3 40 NOf !I_Q__ 3_) l 3 44 NOr~~---
0Alb3 Z 3 l l -0 H085£00 5 OA207 3 l 3 4 -0 HIOH015 f l 3 l 3 -0 HOPPO 
OAlbl Z 1 I 3 -0 N08H005 01202 3 3 1 ' -0 H1 05 £0I 5 f 3 3 3 2 - 0 NOPRO 

___ NII ___ LJ LL-=.L-"9~~o OA203 __ 3_.!_~_3 _ _ - L!!IQ51QI5 F LLLJ _ _ -Q__~oea.._ __ _ 
NN 2 l 3 3 -0 NUPRO OA 199 3 3 3 3 -0 HIOSEOI5 F l 3 3 2 -0 NOPPO 
HH z 3 3 3 -0 tiOPPO 0 A211 3 3 I 3 -0 HI OS£0 15 F 3 l 3 Z -0 ~OPRO 

_ __ JIN __ _ 2 _ ~ _l_ L_:_Q___J!_O! RQ 0A1 qa_u I 3 -0 ~ !Qg Q p F 3_J_)_~Q_JI_Of~'!D ___ _ 
liN 2 1 3 l - 0 NOPR O 0A19q 3 3 3 3 - 0 H105E015 f 3 3 3 2 -0 NOPAO 
NH 2 l I 3 - 0 IIOPRO OAZCO l l I 3 -0 H10HOI5 F 3 3 3 2 -0 NOPRO 

_ _ _ _ !IN _ _ _ 2 _ 1 _ LL_:~9!"1l OA2C8 3 1 1 l -o ~1!1H.Q I~ 3_ 3_l_L_::0 _ _ 110f J!O ___ _ 
NN 2 l l 3 -0 HOPRO OAZOq l l I 3 - 0 NIOHOI5 F 3 1 3 2 -0 NOPPO 
lUI 2 3 l ? -0 NUPRO OA206 3 3 I 3 - 0 NIOH OI5 F 3 3 3 2 - 0 NOPRO 

_ _ _ IIH ___ L L! 3 -o •!9!~0 OAZI O 3 l 1 3 -o 11!!1 ~~Q.!5 L..l 3 J -O__tiOe~"-----
1111 2 l 3 l -0 NUPRO OA2 12 3 l 3 3 -0 HIO H0 15 F 3 3 I 3 -0 HOPPO 
Nil Z 1 3 3 -0 NOPPO OAJq3 3 1 I 2 70 Nll 0 E005 F 3 3 3 l -0 HOPRU 
Nil Z 3 1 3 - 0 NOPPO f 3 3 I 3 - 0 NOPRO F 3 3 ) L__:_O____!!Orao ____ _ 

---,.,.-- 2- 1 1~i<oPP 6 F ___ 3_ i_1_1--~liiiiiu F 3 1 1--2 - o NOPiio 
_ Htr 2 3 I 3 - 0 IIOP~O F 3 l 1 l -0 NOPRO F 3 3 1 <: - 0 NOPPO 

fiN 2 3 3 2 - 0 NOPRO f l l ) l - 0 IIOPRO F 3 3 3_L__.=9__110~RQ ___ _ 
--- NII ___ z Y l z---- 0--NOPPO F 3 1 i)---O~OPRO F 3 l 3 3 -0 NOPRO 

HH Z 3 l 2 -0 IIUPkO F 3 3 ) 3 -0 NOPRO F l 3 3 l -0 NOP RO 
NN 2 J 1 2 96 t.OPPC F 3 ) 3 3 - 0 NUPRO f 3 l 1 3 -O _t'O~RO 

··--F o16--z 1 -l - 2---o-- iti o ~t oio r---f 3 Tz---=-oiroi> • o r 3· 1-1 - 3-- -o "oP•o 
F Ol b 2 ) l 2 ) ti O ~I n 70 f l ) I 3 - 0 NIJ PPO f l 3 l 3 -0 I<(' H O 
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""' 00 



F 3 3 3 3 33 NOPRO OA193 3 3 l 3 -0 H110f005 NH 3 l 3 2 - 0 NOP~O 
F 3 3 1 2 -0 HOPRO OA!q) 3 3 l 3 -0 H110E005 PHI 3 3 l 2 -0 UuP RO 
F 3 l 3 2 -0 NOPRO 0Al93 l l 1 ~ -0 N110E005 HH l l l 2 -0 P,O?R O 
F 3 3 1 2 -0 HO?RO OAtH l l 1 l -0 N110E005 NN 3 l 3 2 -0 NOP~O 

_ __ f _ __ 3 l_ Ll__.=O_I!Oe~ 0~193_L)_3 l -0 NllOEOQ NH ____ )_ l_l_l____..=~OPOQ ___ _ 
f 3 l l 2 -0 HOPPO OA193 l l l l -0 H110£005 NH 3 3 3 2 -0 NOPRO 
F 3 3 1 2 -0 NOPRO OA193 3 l 1 3 230 Hlt0£005J HH l l 3 2 -0 HOPRO 

___ f __ __3 _ )_~.Q__JjO~P.O OA193 3 Z 3 3 - LJJllQfQ05 _ HN __ 3_ l _ } ..L___.=Q_llM@ Q, ___ _ 
F 3 l 3 2 -0 HOPl>O OA19l l l l l -0 H110f005 I tlH l 3 l 2 -0 NOPPO 
F 3 3 1 2 -0 PIOPRO 0A193 l l l l -0 N110EOO~ · liN l 3 l 2 -0 NOP~O 

___ F _ __ L! l_l __ -!L_liO~It 0A1~L.-l_ LL.i---=-O._I!ll0l00L H!! ___ 3_ L) _ _L__.=~Q~!Q ___ _ 
F 3 3 l 2 -0 UOPPO OA19l l 3 3 3 -0 H110EG05 . • HH 3 l 3 2 -0 NO PPO 
F l 3 I l -0 HOPRO OA193 3 3 3 3 -0 Nll0£005 ' Htl l 3 3 Z -0 NOPRO 

___ F ___ 3_ Z .. L._l__~!L_!!OeRo 0Al93 3 l 3 3 -0 Hll.OEJlQ5 HH 3 312 -0 NOPR.~O ____ _ 
f 3 3 3 2 -0 ~OPPO 0Al93 3 3 3 3 -0 H11 0E C05 HH 3 3 1 2 -0 NOPRO 
F 3 3 3 2 -0 I<OPPO OAHl 3 l 3 3 -0 N110f005 H H 3 3 1 2 - 0 tiO•PO 
F 3 3 3 2 -0 UOPPO Al9l 3__1._1_3 -0 PHlllEO O NH 3 l 1 2 - 0 NCPRQ, ____ _ 
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APPENDIX I 

FREQUENCY OF RAW MATERIAL AT THE KOBOLD SITE 

MATERIAL 1 2 I,E.VEL 3 4 
Ill WT/S Jr!_ WT/1 .1.£1_ WT/'1 11/'1. WT/'l. 

Mississippian and Pennsyl-
vanian chert 0 0 1/1 2:3/.3 1/1 4.4/.1 26/6 54.9/2 

lower Cretaceous quartzite 1/11 15.5/50 2/2 6. 8/1 313 6.5/.1 95/21 614.7/19 
Knife River Flint 0 0 0 0 1/1 3.1/.1 0 0 
Fort Union Porcellanite 4/45 8.5/27 60/71 681.9/90 82/73 402.9/65 247/54 1921.1/58 
Fort Union Vitr1phere 1 Ill 3.5/11 0 0 0 0 2/.4 22.5/1 
Fort Union Non-volcanic glass 0 0 1/1 2.1/.3 l/1 .9/.1 8/2 11.3/.3 
Morrison Quartzite 0 0 4/5 12.5/2 1/1 3.5/.1 0 0 
Knife.River Flint-like 0 0 0 0 0 0 4/l 3.7/.1 
Permian cherts 1 Ill 1.0/3 1/1 .4/.05 9/8 19.2/3 18/4 74.5/2 
Plate Chalcedony 0 0 0 0 0 0 1/.2 "106.1/3 
Obsidian 0 0 0 0 1/l .2/.03 2/.4 1.1/.03 

Miscellaneous Cherts: 
Heated 0 0 1/1 1.7/.2 5/1 22.4/1 
Translucent.dull white 0 0 0 0 0 0 1/.2 2.9/.08 
Clean white chalcedony 0 0 0 0 0 0 5/l 6.5/.2 
Other 1/11 1. 5/5 5/6 16.0/2 6/5 30.5/5 20/4 151.0/5 

Miscellaneous Quartzite: 
Fine 1/11 1. 1/4 9/11 33.9/4 6/5 144.7/23 17/4 82. 8!3 
Ordovician 0 0 1/l 5.7/.01 0 0 8/2 145.6/4 
Red speckeled grey 0 0 0 0 0 0 2/.4 86. 2/_3-

TOTAL 9 31.1 84 761.6 112 617.6 461 3307.3 

.... 
"' V1 



. -.. -.... ~ .. -....• , _...... 4'1o.,........,.l.\........... .. ......... 

APPENDIX J 

r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
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APPENDIX J 

FREQUENCY OF RAW MATERIALS AT THE PINEY CREEK SITE 

Butchering Area 
MATERIAL TYPE 

Mississippian and Pennsylvanian Chert 
Lower Cretaceous Quartzite 
Knife River Flint 
Fort Union Porcellanite 
Fort Union Vitriphere 
Fort Union Non-volcanic Glass 
Moss Agate 
Knife River Flint-like Chert 
Petrified Wood 
Permian Cherts 
Plate Chalcedony 
Obsidian 

Miscellaneous Cherts: 
Heated chert 
Translucent dull white 
Clean white chalcedony 
Clear yellowish chalcedony 
Other 

Miscellaneous Quartzites: 
Coarse 
Fine 
Red speckeled grey 
Ordovician Age : 

TOTAL 

#/% WT/% 

89/22 
0 

1/0.2 
261/65 

0 
2/0.4 

0 
0 
0 

5/1 
1/0.2 

0 

13/3 
3/0.7 

0 
0 

6/1 

0 
1/0.2 
1/0.2 

18/410.2 

401 

1256.1/23 
0 

6.3/0.1 
3702.2/67 

0 
5.2/0.1 

0 
0 
0 

33.2/1 
19.4/0.3 

0 

65.3/1 
3.3/.05 

0 
0 

99.3/2 

0 
.6/.01 

9.3/.2 
310.2/6 

5510.4 

Kill Area 
#/% WT/% 

18/11 
19/11 

0 
65/38 

2/1 
2/1 
2/1 
5/3 
1/1 
1/1 

0 
8/5 

8/5 
1/1 
5/3 

16/9 
6/4 

2/1 
0 
0 

7/4 

169 

155.0/25 
15.4/2 

0 
233.3/38 

1.6/. 2 
4.0/.6 
1.7/.2 

20.3/3 
1. 2/.1 
1. 3/.1 

0 
4.7/.7 

17.1/3 
.9/.1 

4.5/1 
10.9/2 
16.5/3 

23.3/4 
0 
0 

108.1/17 

619.7 
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FREQUENCY OF RAW MATERIAL AT THE VORE SITE 



---- -----------------------------------------------
,...,. ................................ , I ··................................. , ............................... , r ................................... , , ........................................ , r ...... ,........................ t ....... , ... , .. , ................. 'II , ....... ,.,.,., ............ I ,................................... , ...... ,.......................... • ........................................ 1 ,.......................................... , ......................................... '1 , ............................................. , f ................................... '11 ................................... ,.......................................... ~ , ........................... , ..... , 

JIIATERIAL 

Mississippian and Pennsyl-
vanian chert 

Lower Cretaceous quartzite 
Knife River Flint 
Fort Union Porcellanite 
Fort Union Non-volcanic glass 
Moss Agate 
Morrison Quartzite 
Knife River Flint-like 
Petrified Wood 

Miscellaneous Cherts: 
Heated 
Clear white chalcedony 
Other 

Miscellaneous Quartzites: 
Coarse 
Fine 
Red speckeled grey 

TOTAL 

APPENDIX K 

FREQUENCY OF RAW MATERIAL AT THE VORE SITE 

Ill 

2/5 
15/38 

9/23 
10/25 

113 
1/3 
1/3 

0 
0 

0 
0 
0 

1/3 
0 
0 

40 

1 
WT/1 

27.1/6 
120.1/24 
322.1/66 
10.3/2 

.9/.2 

.91.2 

.3/.06 
0 
0 

0 
0 
0 

Ill 

1/2 
23151 

0 
14131 

1/2 
0 
0 
0 

2/4 

0 
1/2 
3/6 

2 
WTII 

22.717 
201.3180 

0 
20.4/8 

. 51. 2 
0 
0 
0 

2.1/1 

0 
2.0/1 
2.0/1 

9.312 0 0 
0 0 0 
0 0 0 --- --- --

491.0 45 251.0 

LEVEL 

Ill 

215 
22161 

4111 
4111 

0 
0 
0 
0 
0 

0 
3/8 

0 

0 
0 

113 

36 

3 
WT/1 

2.0/2 
85.1166 
4.2/3 

12.6/10 
0 
0 
0 
0 
0 

0 
3.1/2 

0 

0 
0 

21.0(16 

128.0 

Ill 

0 
37186 

0 
112 

0 
0 
0 

112 
2/6 

0 
0 

1/2 

0 
112 

0 

43 

4 

WTII 

0 
187.0167 

0 
1.11.4 

0 
0 
0 

1.8/1 
2.0/1 

0 
0 
.61.2 

0 
87.1/31 

0 

279.6 

.I-' 

0'\ 
\0 

---· -· ~ ...-.....-~·---- ~.. .,._ 



APPENDIX K (continued) 

,FREQUENCY OF RAW MATEJAL AT THE YORE SITE 

MATERIAL lEVEl 
s 6 7 8 

''" WT/1 ''" WT/'1 ''" WT/1. ''" WT/'1 

~ississippian and Pennsyl-
vanian chert 1/3 .9/.1 1/7 3.5/13 0 0 0 0 

lower Cretaceous quartzite 23/61 469.6/63 11/73 17.3/66 14/52 71.4/79 12/55 22.3/54 

Knife River Flint 9/24 249.4/33 1/7 2.2/8 0 0 2/9 3.7/9 

Fort Union Porce 11 ani te 2/5 2.4/.3 2!13 3.1/12 5/18 6. 8/7 2/9 4.0/10 

Fort Union Non-volcanic glass 0 0 0 0 4/15 4.8/5 0 0 

Moss Agate 0 0 0 0 0 0 0 0 

Morrison Quartzite 1/3 5. 3/1 0 0 0 0 0 0 

Knife River Flint-like 0 0 0 0 0 0 2/9 3.8/9 

Petrified Wood 0 0 0 0 0 0 3/14 5.2/13 

Miscellaneous Chert: 
Heated 1/3 17.9/2 0 0 0 0 0 0 

Clear white chalcedony 1/3 1.2/.2 0 0 0 0 1/4 2.0/5 

Other 0 0 0 0 0 0 0 0 

Miscellaneous Quartzites: 
Coarse 0 0 0 0 0 0 0 0 

Fine 0 0 0 0 4/15 8.0/9 0 0 

Red speckeled grey 0 0 0 0 0 0 0 0 

TOTAL 38 746.7 15 26.1 27 91.0 22 41.0 

I 
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FREQUENCY OF RAW MATERIAL AT THE HAWKEN SITE 



~ ~ ~ ~ ~ ~ ~ ~ r='=J ~ ~ ,_...,.., r-==m 

APPENDIX L 

FREQUENCY OF RAW MATERIALS AT THE HAWKEN SITE 

MATERIAL 

Mississippian and Pennsylvanian Chert 
Lower Cretaceous Quartzite 
Knife River Flint 
Fort Unjon Porcellanite 
Moss Agate 
Morrison Quartzite 
Knife River Flint-like 
Permian Chert 
Miscellaneous Quartzite - fine 
Miscellaneous Chert - general 

TOTAL 

#/% 

38 
18 

3 
3 
1 

27 
12 

1 
1 
7 

111 

~ 

WT/% 

171.5/34 
92.1/18 
17.5/3 
6.6/1 
6.7/1 

131.4/26 
47.5/10 

21/1 
5.6/1 

~4.1/5 

505.1 
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FREQUENCY OF RAW MATERIAlS AT THE AGATE BASIN SITE 



APPENDIX M 

FREQUENCY OF RAW MATERIALS AT THE AGATE BASIN SITE 

MATERIAL FOLSOM AGATE BASIN 
Tools Debitage · rools_ Debi tage 

1/'1. WT/S 1/S WT /f.. 11/'1 Ill 1'1 Ill Ill/f. 

Missis~ippian and 
Pennsylvanian chert 65/27.3 453.2/34.7 673/39.5 1691/13.4 67/35.1 7147/27.3 ' 116/8 .6 984/2.4 

Lower Cretaceous 
quartzite 34/14.3 223.6/17.1 186/10.9 1327/10.5 36/18.8 7103/27 .2 584/38.1 5256/12.8 

Knife River Flint 74/31. 1 195 . 1/15.0 467/27.4 1759/14.0 41/21.5 5413/20.7 20/l. 4 174/0.4 

Fort Union 
Porcellanite 0 0 1/0. 1 11/0. 1 3/1.6 627/4.2 88/6.0 878/2.1 

Fort Union Non-
volcanic g 1 ass 1/0. 4 48/0 .4 0 0 0 0 0 0 

Moss Agate 27/11.3 164.1/12 .6 243/14.3 4850/38.6 10/5 . 2 1278/4.8 413/27.9 2534.7/62. 1 

Morrison quartzite 0 0 0 0 3/1.6 10 . 4/0.7 35/2.4 52.2/1.2 

Knife River Fl i nt-
like brown chert 8/3 . 4 18.3/1.4 3/0.2 1 . 5/0.1 3/l. 6 10.9/0.4 15/0 . 9 102.3/0.4 

Petrified Wood 2/0.8 53.0/4 . 0 8/0.5 21.6/1.7 6/3. I 65 . 8/2.5 51/3.5 124.6/2.9 

Flattop chert (Colo.) 2/0.8 15.5/1. 2 0 0 1 JO. 5 2.0/0.1 2/0.1 2.0/0.1 

Permian cherts 
(Phos., Minnek) 0 0 1/0. 1 0.6/0.1 1/0 .5 5.9/0 . 2 2.0.1 0 .3/0 . 1 

Plate chalcedony 1/0.4 50.3/3.9 2/0. 1 0. 8/0. 1 3/1.6 120.2/4 .6 0 0 

Miscellaneous Che rt: 
brown speckeled clear 2/0.8 1.5/0 . 1 17/1.0 14.7/1.1 0 0 23/1.6 22.5/0.5 

heated 5/2. 1 5 . 2/0 . 4 31/1.8 16.5/1.3 2/l . 0 8.8/0.3 34/2 . 3 7.5 /1.8 

opaque white 1/ 0. 4 1.6/0.1 0 0 0 0 9/0.6 198.9/4.8 

clear/white chal -
cedony 0 0 0 0 1/0.5 6 .3/0 . 2 0 0 

du 11 white/t r anslucent 0 0 7/0 . 4 3.5/0.2 6/3 . 1 88 .3 /3.3 0 0 

other 8/3.4 60.1/4.6 5/0.3 3.3/0.2 6/3.1 40.4/1 . 5 26/l . 8 33.8/0.5 

Miscellaneous Quartzite: 
coarse 0 0 49/2 . 9 221.6/17.7 0 0 34/2 . 3 168.6/4.1 

fine 2/0.8 55 . 8/4.3 1/0 . 1 0. 7/0.1 1/0 . 5 27.5/1.0 11/0 0 7 10.8/0.3 

f in e green 6/2.5 2 .8/0 .2 9/0 . 5 1.2/0.1 0 0 3 I 0 . I 2. 7/0. 1 

Ordovician 0 0 0 0 1/0. 5 56.0/ 2. 3 · 0 0 

red speckeled grey 0 0 _o __ 0 0 0 10/0.7 4 . 3/0. 1 

TOTAL 238 I 304 . 9 1704 1251 . 5 191 2611.0 1478 4081 
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