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ABSTRACT 

Dooley Mountain is located in the Blue Mountains of northeast 

Oregon and is part of a long east-west divide separating the 

Powder and Burnt rivers. Although the occurrences of obsidian 

in the Dooley Mountain vicinity were reported in the geological 

literature as early as 1937, it was not until the 1970s that 

Dooley Mountain obsidian was identified as aboriginal 

toolstone. Research utilizing x-ray fluorescence analysis 

places aboriginal use of these volcanic glasses in a 

chronological framework. The data include obsidian artifacts 

and debi tage from the Pilcher Creek, Marshmeadow, and Ladd 

Canyon archaeological sites and temporally diagnostic 

projectile points from archaeological sites in the adjacent 

Wallowa Whitman National Forest. The analysis indicates that 

aboriginal people first used Dooley Mountain obsidian from 

8000 to 10,000 years ago to historic times. Results also 

suggest that the aboriginal inhabitants of northeast Oregon 

made rational economic decisions by relying on local lithic 

sources to minimize travel and effort. 
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I. INTRODUCTION 

Dooley Mountain is located in the Blue Mountains of 

northeastern Oregon. At just over 6100 feet elevation, it 

[Dooley Mountain] is a somewhat indistinct part of a long 

east·-west divide separating the Powder River on the north and 

the Burnt River on the south (Figs. 1, 2). 

Obsidian in the Dooley Mountain vicinity was first 

reported in 1937 during a geological reconnaissance of the area 

by James Gilluly (Gilluly 1937). Thirty years later, during 

excavations of archaeological sites near the Powder River, 

obsidian was found to be the dominant material used for the 

manufacture of aboriginal stone tools (Cole and Rice 1965), but 

the probable source for these artifacts--located only a few 

miles away--went undetected. In .1975, an archaeological 

reconnaissance (Mead 1975) on the Burnt-Powder river divide 

documented aboriginal use of the Dooley Mountain obsidian for 

the first time. 

In subsequent excavations at the Stockhoff Basalt Quarry 

fifty miles north of Dooley Mountain, Womack ( 1977:73-74) 

recovered obsidian debitage and submitted five specimens to D. 

E. Nelson of Simon Fraser University for chemical analysis. 

Using x-ray fluorescence to analyze the trace element 

chemistry unique to each obsidian flow, and thus to each 

artifact manufactured from that flow, Nelson correlated all 

five specimens to the Dooley Mountain source. This not only 
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documented the aboriginal use of Dooley Mountain obsidian some 

distance away, but its association with Cascade phase 

(8000.;.5000 BP) cultural material also suggested a considerable 

antiquity for that use. 

Between 1977 and 1980, archaeological surveys by the U.S. 

zJ' -- Forest Service and Bureau of Land Management located 

~J 
additional obsidian sources (and several associated workshops) 

in the vicinity. In general, these reports indicated that: 

obsidian had a patchy distribution over a large area extending 

from Ebell Creek on the east to Pine Creek on the west, a 

distance of about 12 miles (20 km). Further chemical analysis 

by Robert Lee Sappington at the University of Idaho suggested 

that at least two different chemical sources were present in 

the area. Sappington (1981:139) warned however, that one of 

the sources was problematical in that its chemical identity was 

based on waste flakes and that its location had not been 

adequately determined. 

l Archaeological work in the Dooley Mountain vicinity began 

in the mid-1970s and has been of a very limited nature, focused 

largely on the identification of archaeological sites. 

Significantly, though, the survey reports suggested a rather 

intensive exploitation of Dooley Mountain obsidian. At many 

workshops and inferred base camps, entire stone tool reduction 

sequences were present. Reported in the surface assemblages 

were cores, bifaces, scrapers, awls, projectile points, and 

J large amounts of waste flakes. The reported artifacts and 

debi tage consisted almost entirely of obsidian. While some 
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testing and surface collecting .of these lithic scatters was 

conducted, the primary objective of these investigations was 

to collect data for federal land management purposes rather 

than the resolution of specific research questions. In 

general, there were very few attempts at placing these sites or 

the obsidian quarries within a chronological framework. 

By 1981, over one-hundred temporally diagnostic obsidian 

artifacts had been collected from sites in the Blue Mountains 

during surveys of the Wallowa Whitman National Forest. While 

the relative chronology provided by these artifacts was a 

potentially useful source of data, most were from surface 

contexts. Alone, the sample was not adequate enough to 

accurately assess the human exploitation of Dooley Mountain 

obsidian from a diachronic perspective. 

Between 1980 and 1983, additional data became available 

which were potentially applicable to this problem. In 1980, 

Hall and Nachtwey (1980ai 1980b) and McPherson (1980) 

determined that proposed plans for the construction of the 

Pan-Alberta natural gas pipeline from southwest Idaho to 

north-central Oregon, would have an adverse effect on three 

archaeological sites near La Grande, Oregon and that 

archaeological mitigation would be neccessary. Areas of the 

Marshmeadow ( 35UN95), Ladd Canyon ( 35UN74), and Stockhoff 

( 35UN52) sites that would be impacted by pipeline construction 

were excavated during 1980-1981 by Western Cultural Resource 

Management of Boulder, Colorado. Among the predominant basalt 

tools and debitage that were recovered during excavation of 
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these thre~ sites, obsidian tools and debitage were recovered 

in archaeological contexts dating from 7600 to 100 BP 

(McPherson and others 1981). 

Later in 1981, Reckendorf, Gelbrud, and Scott (1982) 

determined that construction of Pilcher Creek Dam in the Baker 

Valley about 40 miles (64 km) north of Dooley Mountain would 

J 
innundate the Pilcher Creek archaeological site (3SUN147) and 

that excavation would be required to salvage the data. In 

j subsequent investigations obsidian debi tage and tools were 

recovered in contexts pre-dating the deposition of Mt. Mazama 

Ash at the site (ca. 6700BP) andinassociationwithartifacts 

similar to those found during the Windust Phase (10,000-8000 

l BP) on the Lower Snake River (Brauner, Satler, and Havercroft 

1981). 

Although the lithic assemblages from these sites 

consisted predominantly of the locally available and abundant 

basalt, a sizeable obsidian sample from the Pilcher Creek, 

Marshmeadow, and Ladd Canyon sites was available which could 

potentially be correlated with their original geologic source 

by x-ray fluourescence analysis. 

5 

! 
On the basis of geographic proximity, I reasoned that the 

majority of these obsidian samples should be derived from the 

closest source of available raw obsidian--Dooley Mountain. 

Thus, with obsidian artifacts and debi tage from more precisely 

dated contexts, the Dooley Mountain obsidian resource could be 

placed within a more accurate chronological framework. 
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The Problem 

The central objective of this research is to place the 

aboriginal use of the Dooley Mountain obsidian sources within a 

chronological framework. This could be accomplished through 

extensive excavation of obsidian quarry areas andjor numerous 

archaeological specimens from the source areas could be dated 

through hydration rim dating. Due to limited funds and 

manpower, ne~ther approach was feasible. However, the 

recovery of obsidian tools and debitage during excavations at 

the Marshrneadow, Ladd Canyon, and Pilcher Creek sites and the 

collection of temporally diagnostic artifacts in the adjacent 

national forest, suggested another and more attainable 

approach to the problem. 

By chemically analyzing obsidian specimens from 

archaeological contexts with radiocarbon age determinations, 

stratigraphic horizon markers, and typologically dated 

artifacts, and then comparing these specimens with known 

obsidian sources in the region, those i terns correlated with the 

Dooley Mountain sources could then be used to place the use of 

the Dooley Mountain obsidian within a chronological framework. 

Thus, if an artifact dated in excavations at 1200 BP was 

correlated to the Dooley Mountain vicinity, then it could be I 
f ... r, demonstrated that the Dooley Mountain obsidian was being used 

by aboriginal people by at least 1200 BP. Less costly and 
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methodologically appropriate, this approach was selected for 

investigating the problem of chronology. 

The placement of the Dooley Mountain obsidian sources 

within a chronological framework contains the following 

problems. 

( 1) To compare and correlate obsidian artifacts 
debi tage from the Marshmeadow, Ladd Canyon, 
Pilcher Creek sites with known sources in 
adjacent region. 

and 
and 
the 

(2) To describe and place temporally diagnostic 
obsidian projectile points from the Wallowa Whitman 
Forest into a chronological framework. 

(3) to compare and correlate the Wallowa Whitman 
projectile points with known obsidian sources in the 
adjacent region. 

Obsidian is particularly suitable for this type of study 

because of its unique chemical nature. Obsidian is primarily 

an aluminosi licate, with a minor amount ( 1% to 2%) of trace 

elements. While each obsidian flow is relatively homogenous 

(Nelson 1984:27), it is these trace elements that differ in 

each pyroclastic flow which consequently allow it to be 

"fingerprinted" through x-ray fluorescence analysis (Ambrose 

1976:83; Jack and Carmichael 1969: 17). Thus by collecting and 

chemically analyzing geologic specimens from known obsidian 

occurrences, each source's chemical "fingerprint" can be 

compared with other sources in the region. Artifacts made from 

these raw material sources can then be correlated to their 
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geologic origin. Thus, .before artifacts can be traced to the 

Dooley Mountain sources it is necessary to: 

( 1) collect source samples from known obsidian 
occurences in the study area, and 

(2) to chemically characterize these sources by 
x-ray fluorescence analysis 

Although there are several methods which can be used to 

characterize obsidian sources and artifacts, x-ray 

fluorescence has been selected for two reasons. First, x-ray 

fluorescence instrumentation of the Idaho Geological Survey at 

the University of Idaho was made available by Charles Knowles 

for this research project. Second, and importantly, the 

obsidian sourcing p=oject implemented by Sappington through 

the Idaho Geological Survey has built up a substantial data 

base on known obsidian sources throughout eastern Oregon and 

adjacent regions. Without these data, this study would not 

have been possible. 

Assumptions of the Study 

The approach employed in this study is based to a large 

degree on anthropological and economic spatial theory. The 

essence of anthropological spatial theory maintains that 

archaeological remains are "spatially patterned as the result 

of the patterned behavior of the members of an extinct 

l 
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society." ·These patterns contribute to the formation of the 

archaeological record and are potentially informative about 

the ways in which a society was organized (Clarke 1977: 18). 

Economic spatial theory is often used to explore the 

relationships between sites and is based on the assumption that 

"over a span of time and experience, people move to choices and 

solutions which minimize costs and maximize profits" (Clarke 

1977:19). Economic spatial theory underlies many geographic 

subtheories, including the "least-cost 11 models of von Thunen 

and Weber. 

Von Thunen's locational sub-theory maintains that human 

groups tend to use the land in concentric patterns around a 

center. As one moves further out through these zones, 

increased energy must be expended to maximize returns. In its 

application, von Thunen considered the site center in 

isolation with no resources coming in from other centers and no 

resources going out. He also assumed a uniformity of the 

surrounding topography and assumed rational human behavior to 

maximize returns for minimum effort (Clarke 1977:22). 

Weber's sub-theory is quite similar to von Thunen's and 

asserts that the location of a site depends "on the distance to 

and from external resources, the weight of the material to be 

moved and the competitive costs of all movements" (Clarke 1977: 

22). These models clearly underlie many archaeological models 

(e.g. Vita-Finzi and Higgs 1970; Jochim 1978) of optimal site 

location. The drawback to these theories though, is that they 

rest on the assumptions of a consciously optimizing society, 
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sta~ic sit~s, and uniformly distributed . and unchanging 

external resources. While they cannot possibly account for the 

wide ·variety of archaeological and anthropological spatial 

patterning of extinct cultural systems, they do provide a 

useful starting point for the investigation of archaeological 

phenomena (Clarke 1977:23). 

As noted above, the lithic assemblages from the sites 

being investigated in this study consist predominantly of the 

locally av~ilable and abundant basalt, with lesser amounts of 

non-local cryptocrystalline material and obsidian. In a 

general way, lithic procurement at these sites tend to support 

the economic spatial theories of least-cost. That is, since 

very little effort was required to obtain the local basalt, it 

is entirely expected (under the assumptions of the economic 

models) that basalt is the dominant material in these 

assemblages. Other non-local materials such as obsidian would 

require more investment to procure; it thus comes as no 

surprise that obsidian accounts for less than 2~~ of the raw 

material at these sites. Ignoring such factors as material 

quality, availability, abundance, and access to raw material 

sources, the economic spatial theories of von Thunen and Weber 

would seem to be strongly supported by the archaeological data 

at these sites. 

If these assumptions about human behavior and the 

formation of the the archaeological record are valid, then it 

is expected that the obsidian sample from these sites will 

contain higher frequencies of obsidian from the nearest source 
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and lower frequencies of obsidian from those sources located 

further away. Since the Dooley Mountain sources are the 

closest known obsidian occurrences to these sites, its 

frequency should be greater than raw material from more distant 

sources. The potential for obtaining raw obsidian or obsidian 

artifacts from more distant sources through neighboring groups 

and trading partners is largely ignored in this approach. 

Significantly though, the analytical tools used in this study 

can potentially indicate the occurrence of items originating 

from sources not included in the analysis. 

Summarizing then, in this study I assume that the 

aboriginal inhabitants of the Marshmeadow, Ladd Canyon, 

Pilcher Creek, and other sites in the adjacent uplands made 

rational economic choices to procure obsidian toolstone in a 

manner which minimized costs and maximized profits. I further 

assume that this behavior will be recorded in the 

archaeological record and that the analytical procedures 

employed in this study will be adequate to detect such behavior 

through the study of that record. 

The Physical Environment, Past and Present 

Geology 

A brief discussion of the geology of the study area is 

especially germane to this study. Not only have geological 

........ ----------·--·--------· -----
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processes controlled and shaped the landforms of the study 

area, but they are responsible for the formation and deposition 

of obsidian on the landscape. 

Geologically, the Blue Mountains are quite complex. For 

convenience of discussion, some authors (Baldwin 1964; 

Franklin and Dryness 1973) divide the Blue Mountains into an 

eastern and western province placing the dividing line near the 

Dixie Summit about 30 miles (48 km) west of the study area 

(Baldwin 1964:103). Using this division, the following 

discussion will focus on the eastern Blue Mountains in general 

and the Dooley Mountain area in particular. 

The earliest identified geologic units within the region 

date to the late Paleozoic and early Mesozoic eras. Within the 

Dooley Mountain area, the Burnt River Schist originally 

defined by Gilluly ( 1937) has been interpreted as representing 

fragmented oceanic crust. Rock units of similar age in 

adjacent areas include sedimentary and volcanic rocks of 

abyssmal marine origin and limestone deposits indicative of 

relatively shallow marine environments. 

Many of these early marine rock units are separated from 

l younger rock units by faults and shear zones. Such large scale 

dislocation suggests that this fragmented oceanic crust was 

broken and deformed by plate tectonic forces, probably near a 

subduction zone (Brooks, Mcintyre, and Walker 1979:73). 

Supracrustal rocks from the folowing Early or Middle 

Triassic are conspicuously absent from northeast Oregon and 

Brooks ( 1979) has suggested that these missing strata may have 
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been subducted and magrnatically assimilated in the roots of 

volcanic island arcs. Uplift of the area; combined with large 

scale block faulting during the Cenozoic produced some 

substantial graben valleys, most notably the Grande Ronde and 

the Baker valleys to the north. 

A discussion of geological activity during the Miocene is 

of particular importance to this study for it was during this 

period that much of the obsidian was formed and deposited in 

i the area. During the Miocene, the Columbia Plateau was 

innundated by voluminous outpourings of low viscosity lava 

erupted through numerous small fissures. In some areas of the 

Columbia Plateau, these flow-on-flow lavas exceed 5000 feet 

( 1515 meters) in thickness (Thornbury 1969:492). Although on a 

regional basis these lava flows are composed almost entirely of 

basalt, local variations of rhyolitic and andesitic lavas and 

small patches of welded tuff are not uncommon (Brooks, 

Mcintyre, and Walker 1976:15). One of these variants, is the 

Dooley Rhyolite Breccia. 

l 
First reported in 1937 by geologist James Gilluly, the 

formation was described as a "rhyolitic and subordinate 

andesitic breccia" (Gilluly 1937:49). Gilluly (1937:49-50) 

noted that the formation "is soft and readily eroded, but it 

contains enough inhomogenei tes, such as obsidian flows and 

large boulders to form a somewhat irregular topography in 

detail." From Stices Gulch and Mill Creek near the center of 

the study area, he observed that the formation thinnned rapidly 

away in all directions and concluded that it is "doubtful 

1-

r· 
l 
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whether the formation ever extended more than a very few miles 

from the present center near Dooley Mountain" ( 1937:49- 50). 

Gi1lu1y further speculated that the volcanic center for the 

Dooley Rhyolite Breccia lay just north or south of Dooley 

Mountain, possibly concealed beneath basal~ic flows or 

fluviatile deposits ( 1937: 50). Gilluly also observed that 

"locally black or green obsidian, spheruli tic rhyolite flows , 

pumice or glassy flow breccias'' were the dominant features of 

the Dooley Rhyolite Breccia. Although spec1fic localities of 

obsidian were not mapped, 11 a few outcrops of resplendent !Jlack 

obsidian" were noted in the highway cuts near Mill Canyon 

(1937:50}. 

Nearly forty years later, another geological 

reconnaJ.ssance of the area was undertaken ar:d the Dooley 

Rh7olite Breccia reported in more detail (Brooks, Mcintyre, 

and Walker 1976) (FJ.gs. 3, 4). In their analysis of the unit, 

they concurred with Gilluly's (1937:51) contention that ~ost 

of the rhyolitic rocks appeared to represent the "coarsely 

fragmental and subordJ.nate fluid ejecta of a volcanJ.c c enter." 

Furthermore, v1trophyre flows were "best expose~ or. the south 

flank of the range [ the divide between the Powder and Burnt 

Rivers) from p · 
- .l :le Creek ..... eastward to Mill. and r.uburn 

Creeks" (Brooks, Ulc !ntyre, and Walker :9 76 ::5). A 

potassium-argon date cf 14 .3 m1l!.icn years .:or a rhyolite 

sample placed the ti.me of deposJ. t1on as rn.:ddle tc upper 1\hocene 

(Walker, Dalrymple, ana Lanphere 1974). Erc=ks (personal 

communicat1on 1982) notes that the cbsidian-l!ke ~1trophyre 
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SCALE 

0 Dooley Rhyol i te Mil .. o'E=~s=~z~~=~3~~~4~~~5 
Kilomelers 0 Z 3 4 5 6 7 8 

Fig. 1 . Map of Doole: Tlllyolite , (,,fter Ht·oo~s. 
Mcintyre, and Walker 1976). 
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deposits are associated with the rhyolite and must therefore, 

be approximately the same age. 

As demonstrated by major faults within the Columbia River 

Basalt group, uplift of the area cont1nued well into the 

Miocene and probably until the close of the Pliocene. Some of 

the structural basins became the sites of temporary lakes which 

were filled with tuffaceous sediments eroded from the adjacent 

mountain slopes. Accelerated uplift, though, increased the 

stream gradients and the lakes were drained. It was probably 

during this time that the present topographic bas1ns of the 

region were defined (B~ooks, Mcintyre, and Walker 1976: 19-22). 

Climate and Paleoclimate 

In conjunction with elevation , aspect, and slope, the 

climate of given region largely defines the ability of the land 

to support a living population, including man. 

The cl:tmate of the area is influenced by the local 

topography, the topography of surrounding areas and pressure 

systems original:ing largely in the ?a:::ific Ocean. The area has 

a semiarid climate and experiences ...,•:!.de seasonal varia::ions in 

temperature. Summers are generally hot and dry whi_e wi~ters 

are cool and somewhat moister. The a::n~al precipi ta::ion varies 

~1th ~levation but averages about 1. 1nches (27.5 ern) within 

the study area (Wade: 1975: :6-t) . 

Fall and winter cond::..t::..ons dl~ yene.tally determi ned !:>y 

a1r masses or~g1nat1ng 1n the north Pacific Ocean moving into 

I 
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the area from a west or northwesterly direction. Incoming low 

pressure cells are usually preceded by heavy precipitation and 

result in prevailing southwest or westerly winds. The coldest 

winter temperatures occur when air from a cold high pressure 

system in central Canada moves southwest across the Rockies and 

flows down into the Columbia Basin (Wade 1975:162). During the 

winter months, much of the precipitation falls as snow and 

accumulations of up to 169 inches (422 ern) have been reported 

at nearby locations (Department of Commerce 1965). Winter 

daily maximum temperatures average just barely above freezing 

and temperatures well below zero are not uncommon during the 

winter months. 

Summers, on the other hand, are charac~erized by high 

temperatures and little precipitation. Only eleven percent of 

the total annual precipitation occurs during the months of 

June, July, and August. Summer daily maximum temperatures 

average 85° F (47° C) and temperatures exceeding 100° F (55° C) 

are not uncommon. Summer winds are divided fairly evenly 

between southeast and northwest, depending upon the locations 

of pressure cells near the coast and in Idaho. Unstable air 

moving in from northern California brings precipitation in 

conjunction with local convectional storm activity during the 

summer (Wade 1975:162). It is during this time that the area is 

most susceptible to forest and grass fires. This danger lasts 

until the first significant rainfall which normally occurs 

sometime in September. 
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Available paleoeclimatic data from sites throughout the 

Pacific Northwest suggests that there have been several 

climatic fluctuations during the last ten to fifteen thousand 

years. This idea stems largely from the pioneering 

palynological work of Henry Hansen and the European trained 

glaciologist Ernst Antevs. From the analysis of pollen 

profiles collected throughout the Pacific Northwest, Hansen 

(1947) posited that there were at least three major climatic 

changes since the glacial recession. This idea was elaborated 

upon by Antevs ( l948) and coined the Neothermal Sequence. 
I 

The first period lasting from about 9000 to 7000 years ago 

was termed the Anathermal by Antevs and interpreted to be 

similar to the climatic conditions of today but growing warmer. 

This period was followed by a distinctly warmer and drier 

period called the Altithermal which lasted from about 7000 to 

about 4500 years ago. The final period with climatic 

conditions roughly similar to the present began 4500 years ago 

and was called the Medi thermal (Antevs 1948). Work in adjacent 

areas supports these early views of climatic change, but 

indicate much more complexity than envisioned in Antevs 

tripartite Neothermal model. 

Using faunal assemblages from Owl Cave at the Wasden site 

in southeastern Idaho, Butler (1977 and 1978) has proposed a 

model of climatic change for the upper Snake and Salmon rivers 

which may have some general applicability for the northeast 

Oregon area. From about 15,000 to 10,800 BP, the climate was 

generally cold though a warming trend had begun by about 13,000 

-------~--
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years ago . . A gradual warming trend continued and by about 7200 

BP the climate was quite warm. By 6500 BP, the alpine glaciers 

had completely retreated. The long warming trend reached its 

peak about 3800 years ago. During the last 7000 years, Butler 

suggests that short climatic cycles of less than 1000 years in 

length became increasingly important as the region experienced 

slight changes in temperature and effective moisture 

(1978:45). 

Based on rockfall frequency in caves, pollen data from 

bogs and lakes, and the inferred distribut1on of big game in 

the Columbia Basin during the Holocene, Gustafson ( 1972) 

suggests that similar climatic change has occurred in 

southeast Washington du:-ing post- glacial times. This evide::.ce 

indicates that a cool, mois~ period existed from about 10,000 

to 8000 BP and was followed by a warm, dry period from 8000 to 

4000 BP. Generally cooler and mo1ster cond1t1ons exis~ed from 

about 4000 to 2000 BP which was followed by a short warm and dry 

interval. After 2000 BP, the climate is characterized by a 

transition to presem: climatic condi. tions ( Gusi:afson 1972: fig. 

6.2). \"lh1le the ev1dence is supportive of these climatic 

trends, (1972::25) notes that none o= the 

;;a :eoec0 :.ogical stud:ies ·· ~anti tat: ·.;ely" sho•,... the e;~te::t o~ 

these changes or demonstrate that c~lmati= change ~esu:ted ir. 

the "si~ple mo·Jement of vegetat1on cornmt<ni ties or ;:ones. 11 

From the analys1s of the s~rat~graphic seq~ences at i:he 

Marshmeadow, Stockhoff, and Ladd Canyon s1tes, Leor-.bardy and 

Cochran (1981) report five Holocene alluvial cycles 
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essentially. contemporaneous with the Holocene alluvial 

chronologies of the Mid- Columbia and Clearwater river regions. 

The first cycle began sometime after 10,700 BP, continued to 

about 6700 BP, and is capped by an erosional unconformity. The 

erosional episode responsible for this unconformity was 

regional and probably synchronous ( Leonhardy and Cochran 

1981:35). This unconformity has also been reported at the 

Pilcher Creek site (David Brauner: personal communication, 

1985). The second alluvial cycle lasting from 6700 to 5700 BP 

began with a period of stability and ended with an erosional 

episode. The third alluvial cycle lasted from 5700 to 4200 

years ago. The fourth cycle dates sometime after 4200 BP and 

lasted until about 1500 BP. The last eye le began around 1550 BP 

and ended around AD 1890. Leonhardy and Cochran (1931:36-38 ) 

conclude that : 

since the alluvial cycles (deposits, paleosols, and 
erosional unconformi t ies) at the LaGrande sites 
correspond to the other radiocarbon dated alluvial 
cycles along the Clearwater, Snake, and Colu!'!\bia 
rivers, there must have been dominate forces 
controlling the synchronous gradational processes 
of streams in the Pacific Northwest. '!'~ese 
contemporaneous alluvial events suggest ~hat 
climate or magnitude of climate change may have ~een 
the major force controlling runoff, and, l:ence, 
stream regimens. 

In general, these and other (Mack, Rutter, and Valastro 

1983; Mehringer, A=no, and Petersen 1977; G~ay3on 197~) 

studies demonstrate that cl1reat1c fluctuations since the end 
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of the Pleistocene have occurred on a regional basis. However, 

the intensity and effects of these changes on the regional 

biota is far from clear. Consequently, extrapolations about 

human behavior from the paleoclimatic data must be made with 

considerable caution. 

Biota 

Soils are an important part of the ecosystem providing the 

natural bodies on which plants grow and provide the physical 

base for human subsistence. Unfortunately, adequate soils 

data for the Dooley Mountain area are conspicuously lacking. 

In general, the soils of the Dooley Mountain area are strongly 

influenced by the bedrock which is pyroclastic and underlies 

most of the study area (Loy and Allan 1975:206). These rocks 

have little resistance to weathering are often associated with 

unstable soils and "have been weathered so extensively that 

they are no longer recognizable as rock" (Wade 1975:155). Two 

broad soils occur in the study area. Inceptisols and Mollisols 

are found primarily at the upper elevations in the study area. 

Light colored, silty inceptisols forming on volcanic ash occur 

on broad plateaus and northerly slopes. At lower elevations, 

mollisols formed on bedrock hills and plateaus may be found. 

These soils are mostly shallow and stony. Some areas have 

deeper soils formed from clayey sedimentary rock or aeolian 

deposits (Loy and Allan 1976: 124). 
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Generally speaking, the vegetation of the study area is 

quite diverse. Three major life zones are found within the 

study area (Bailey 1936). From the lowest to highest elevation 

these are the Upper Sonoran, the Semiarid Transition, and the 

Canadian life zones . 

The Upper Sonoran is found only at the lowest elevations, 

particularly near the Burnt River and at low elevations along 

the eastern periphery of the study area . This zone is 

characterized by little rainfall (10 inches; 25 em per year) 

and shares many similarities of the Great Basin physiograph1c 

province (Bailey 1936:12). Common plants to this zone include 

rabbitbrush (Chrysothamus nauseous), sagebrush (Artemesia 

tridentata), juniper (Juniperus occidentalis}, bitterroot 

(Lewisia rediviva}, serv1ce berry (Amelanchier cusick1), 

chokecherry (Prunus demissa}, hawthorn (Crataegus douglasii), 

wild rose (Rosa spp.), and several members of the genus 

Loma~ium (t-1ahar 1953:27 - 29). Fauna common to this zone ir1clude 

seve~al spec1es of small, desert adapted mammals, black- ~a~led 

jack rabbits, and several spec1es of reptiles. It is an 

importan~ win~eri~g range for antelope, ~ountain sheep, a~d 

mule deer (Bailey 1936:15}. 

The semiarid T~ansition =one extends !~om about 35CO to 

5500 feet (1060 to 1660 meters) in elevat1on (Bailey 1036:~3) 

and :s the dominant life =one in the study area. The climatlc 

conditions of this zone throughou~ eastern Oregon are !airly 

un1form ~i~h the annual ra1nfall averag1ng aoout 20 1nches (50 

em). This zone 1s best charact.er1zed by the presence of 
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Ponderosa Pine (Pinus ponderosa}. Other floral resources 

include western tamarack (Larix occidentalis), western birch 

(Betula frontinalis}, and many different kinds of willows 

(Salix spp.) along riparian habitats. Shrubs include 

bi tterbrush ( Purshia tridentata), buckbrush ( Ceanothus 

velutinus}, snowberry (Symphoricarpos recemosus), and 

bearberry Arctostaphylos uva- ursi) . Common fauna include mule 

deer (Odocoileus hemonus), elk (Cervus canadensis), and 

several small species of small mammals (Bailey 1936:23}. 

The Canadian life zone is found only at the extreme upper 

elevations of the study area and is more common to the north 

slopes. Dominant tree species include lodgepole pine (Pinus 

contorta), white fir (Abies grandis), mountain alder (Alnus 

incana), mountain ash (Serbus scopulina), and rnoun~ain maple 

(Acer glabrum} . Mammals common to this life z one include mule 

deer (Odocoileus 

white- tailed deer 

hemonus), 

(Odocoileus 

elk (Cervus canadensis) , 

virgini anus), snowshoe hare 

(lepus americanus), beaver (Castor canadensis), cougar (Fe lis 

concolor), coyote (Canis latrans), bobcat (Lynx rufus), fox 

( Vulpes fulvus), badger (Taxi de a taxus), and black bear 

(Euractos americanus) (Bailey 1936 ). 

Ethnohistoric records ind1cate that changes in ~he 

reg1cnal flora and fauna have occurred since E'..:.:::-o - .t..merican 

settlement of the area in the nineteenth century. Generally 

speak1ng, the most heavily 1mpacted areas in the region have 

been the upper Burnt and Powder r1vers . Ea:::-ly accc~::ts su:;gest 

that much of the river bottoms were lush meadowlands wi ::.h 
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abundant bunchgrass, alder and birch trees. The Burnt River 

Valley was bordered by foothills covered with sagebrush and 

bunchgrass, while the Powder River was largely bounded by open 

yellow pine forests (Gehr, Nelson, and Walke 1978: 12) 

Reported fauna in the Burnt River Valley during the 

nineteenth century included deer, cougar, lynx, badger, 

muskrat, beaver, otter, and rabbit (Gehr, Nelson, and Walke 

1978:12). Jewett reported white tailed deer as common to the 

Powder River around 1900 (Bailey 1936:92), whJ.le herds of up to 

twenty antelope were observed near the upper Burnt River in 

1908 (Bailey 1936:77). Earlier than these accounts, Tohnsend 

(1836 : 58- 59) reports killing an an~elope in the upper reaches 

of the Powder River Valley. Ogden repor~ed two bands of 

mountain sheep J.n t.'1e upper Burnt Rl. ·:er :n 1825 ~Rich 

1950:122- 126) and seventy years later, MerrJ.am killed a 

bighorn sheep near the same area (Bailey 1936: 63). 

Today, most of the upper Burnt River floodpla1n ~sunder 

cultiva~J.on. Those portions of the upper Powder River 

floodplain not being cultiva~ed or grazed are generally 

covered wi ~h ex-:ensive placer -:ailir.gs from dredg:.ng ~ = the 

river during the early part of ~he cen~ury. The foothi!ls of 

bo~h rivers are gener3lly heavily gra=ed. While deer and elk 

are common to the area, antelope and mour.~ain sheep are rare. 



27 

Ethnographic Background 

Ethnographic information for the study area is notably 

lacking . The information that does exist, suggests the area 

was used primar1.ly by Northern Paiute and secondarily by 

Southern Plateau cultural groups, mainly the Cayuse and 

Umatilla (Ray 1938; Steward and Wheeler- Voeglin 1974; Blyth 

1938} . Additionally, there is some evidence to indica~e 

Northern Shoshon1. may have occasionally visited the area 

(Steward and Wheeler- Voeglin 1974:14}. Since the ethnographic 

data indicate ~hat the Northern ?a1.ute were the pri:nary 

aboriginal group to utilize ~he study area, this section w1.ll 

focus mainly on the soc:..al organi::ation, subsl.stence, and 

settlement of the Northe:-:1 Paiute. 

The Northern Paiute spoke a la~guage known as 

t•1ono- Paviotso and mainta1.ned a pedestriar: way of l~fe long 

af~er neighborl.ng groups had acqu1.red the horse. Organized 

loosely into s:nall ba:1ds consis~ing of a few fa:n:..ll.es, they 

traveled over vast expa:1ses of the ~~~erior of Oregon from ~he 

Cascade Mountains eastward 1.nto southwest Idaho. Named af~er 

pr1.ncipal elemer.t:s l.r: t~e.: r diet, these s:nal!. bands were quite 

:lui d in ~heir composi -c:..on, $0 that: 1r.dividua:.s or even nuclear 

families with a :e~t.• ext:e:nd~ci relati"es often became affiliated 

\vi~h ne!g!l!::>oring groups (B ... yth 1938:405; \vhiting 1950: 16). In 

these i:1st:ances. ind1~~d~als or fam1l1es would of~en 1dent1iy 

themselves as a par~ c:f t:he~ r new band or ::ul tural grcup rather 

than as former band (Steward and 
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Wheeler- Voeglin 1974:18). Thus, intermarriage between bands 

was common and provided "the only real and enduring bonds" 

among the Northern Paiute (Steward and Wheeler- Voeglin 

1974:22). 

As among many of the Southern Plateau groups (Anastasio 

1955), the Northern Paiute shared the use of fishing, hunting, 

and other resource sites with neighboring groups . Quite 

frequently this was with horseless bands of Shoshoni with whom 

the Northern Paiute shared a close relationship. 

Throughout the entire length of the Northern 
Pa1ute- Shoshoni contact area there was a complete 
absence of intertribal hostility. Local feuds m1ght 
be brought on by witchcraft or woman steal1ng, but 
there were no terri t o r1al claims and no organized 
groups speaking e1tter language which m1ght defend 
against such claims (Steward and Wheeler- Voeglin 
1974:9). 

The close contac~ between Shoshoni and Northern Paiute 

groups fostered a certain amount of bilingualism and scattered 

throughout the mountc.ins and valleys of eastern Oregon and 

southwest Idaho "were foot people, probably speaking both 

Shoshoni and Norther~ ?aiute who also visited the Snake River 

~o .::sh" (Stewa::-c a!".d 1.·:-.ee:.er - Voegli:-1 19""-1: 199). E:·.·:de::"t.!.y 

there was an ex~~eoely broad ~one of inte~~1xture 
and in~erpenetra1:1on of the unmounted Pa1ute and 
Sho~hon1 1n the general area to 1:he west l of the 
Snake River) and perhaps to the east of the Snake 
R1ver. But it is impos s:ble to deli mit th1s zone by 
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Shoshoni 

where the people spoke only Paiute 
Steward and Wheeler- Voeglin 1974: 14 . 
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or 

Early reports of aboriginal groups in the Blue Mountains 

suggest a dispersed population consisting of aggregations of 

two or three nuclear families. Since the writers of these 

early accounts indiscriminately referred to these aboriginal 

groups as "Diggers" or "Snakes", it can be generally assumed 

that these groups were in all probability Northern Paiute. Fur 

trapper Peter Skeene Ogden observed Northern Paiute fishing 

for salmon in the John Day River Valley west of the study area 

(Rich 1950) . Along the Middle Fork of the John Day near Austin 

in 1832, John Work found "a family of mountain Snakes, three 

men and their wives and six children and had a few fresh salmon 

from them and two beaver. They spear the salmon in the river. " 

Further on, Work "passed three more families of Indians, only 

the women and children were in the huts, and the men were off 

hunting" {Lewis and Phillips 1923:171). Work noted that the 

upper Burnt River had been recently hunted by the Indians and 

that he traded beaver with a group encamped there (Lewis and 

Phillips 1923:169-170). 

Northern Paiute informants living near Burns and 

interv~ewed by Blyth between 1936 and 1938 cited the existence 

of one and possibly two Northern Paiute bands in the upper 

Burnt and upper Powder river reg1on. These were the 

I 
I 



Hu 1 nipwi 1 tika {huni 1 bui: root) whose winter 
camps .... centered around Canyon City Creek, the town 
of John Day and the valley of the John Day River to 
the west .... As to the1 r easternmost extension of 
their terrain there was disagreement . Some 
informants cited a separate band of Elk Eaters 
( Pa 1 tichi 1 tika) to the east of the Hun~bui Eaters in 
the vicinity of Prairie City and Baker. Others 
however, stated that these people were part of the 
Huni 1 bui Eaters band. In any case, the information 
would seem to indicate the presence of camps as far 
east as Baker [Blyth 1938: 403). 

30 

Accord~ng to Blyth (1938) , the northern bands (the 

Huni'bui and the Pa 1 tichi'tika) were very s1m~lar to the Wada 

Eaters of the Harney Basin. The dialectic differences were 

slight . The groups differed primarily in aspects of the food 

quest and material culture . 

In general, ethnographers have stressed the 1mportar.ce of 

gathering over other economic pursuits in the Great Bas1n 

Culture Area. Steward ( 1938) also emphasized the 1mportance of 

fishing and gathering of root crops among groups living near 

the Snake R~ver . In the reg1on around the study area, salmon 

fishing along the Burnt and Powder rivers is reported to have 

been supplemented by hum:1ng oppo:-tun1 tJ.es 1n the foothl ~ls of 

the Blue Mountains (Steward and Wheeler- Voeglin 1974:25). 

3onnevi lle, wr1 t1ng of the Pa1ute (or poss1bly Shoshoni) 

living near the mouth of th~ Powder River 1n 183~ states that 

they subs1 st 

in a gteat measure, on the roots of the earth, though 
they li kew1 se take tlsh 1r. great quantlt.les, and 
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hunt in a small way .... Besides the roots on which 
they mainly depend for subsistence, they collect 
great quantities of seeds of various kinds, beaten 
with one hand out of the tops of the plants into 
wooden bowls .... The seed thus collected is winnowed 
and parched and ground between two stones into a kind 
of meal or flour; which when mixed Wl. th water forms a 
very palatable paste or gruel .. . [Irving 
1849:257-261]. 
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Some of the people "lay up a stock of dried salmon, and other 

fish for wim::er; Wl. th these they were ready to traffic with the 

travellers for any objects of ut1.lity .. . "(Irving 

1849:257- 261). 

Overall, the ethnographic and ethnohistoric data suggest 

that root crops were a primary, if not the most important i ::em 

in the diet of the Northern Paiute. This data also =urnl.shes 

repeated evidence of the Northern Paiute's intrl.cate 

familiarl.ty with the available food resource in their 

env1.ronment. Not surprisingly, the Northern Paiute vocabulary 

reflects this close relationship. Whereas, the form, color, 

texture, taste, and various stages o= grow.:h of food plants 

could be described in detal.l, non- utili tar ian plants were 

often unnamed. As one Pal. ute woman said "nc nar..es :o::- v1olets 

or '::hings l:ke that. We got names for :-oots, medicine " (Mahar 

:953: 129) . While the subsistence patterns of --:he Nor-:.hern 

Pan.te 1n the southern Blue Mounta.:.n: ::ar: on ::r be roug!~:'l 

sketched, thel.r hunt:ng and gathe:-~r:g ·.:a·: cf ll fe car. ~e 

character:::.zed as one we l! adapted to meet a ·:ar:::.ety of spec1f.::..c 

condl.tl.ons presented by local environmental conditions. 

Abundance or !'a1lure of a rl!sou::ce c..ou ld be aCCO::lO<.ia ted for b:t 
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shifts in group s1ze. When temporally and spatially restr1cted 

resources competed with one another (e.g. a simultaneous 

salmon run and root harvest), the sexual di vi s1on of labor 

allowed the population to segregate to harvest the competing 

resources. Storage of food mitigated against periods of 

scarcity. 

Other groups known to have occasionally visited the area 

were the Umatilla and Cayuse. Winter villages for these 

Southern Plateau peoples were located along the Columbia River 

and its tributaries north of the Blue Mounta1ns. During late 

spring and early summer, the Cayuse and Umatilla le=t their 

winter villages to hunt, fish, and gather roots 1n the Blue 

Mountains ( Suphan 1974:58). Near the study area, they are 

reported to have exploited only a few si~es. These cons1s~ed 

of fishing and hunting sites along the Powder River which were 

jointly shared between the two groups. Further south, near ~he 

Strawberry Mountains were resource areas said to be of 

paramount importance ( Suphan. 197 4) . Hov.·ever, the ethnographic 

data indicate far more intense use of resources to the north of 

the s~udy area by ~he Cayuse and Uma~illa, pr1mar:.ly ~~e Gra::de 

Ronde Valley which was ''habitually used by the Nez. Per::e, \·la: :.a 

vla lla 1 Umat1lla and Cayuse " ( Suphan !. 974: 25) . :-:-.e Gra:--.de 

Ronde was also an 1mportan~ meet:ng place for Plateau and ::;rea~ 

Basin groups (Anastasio 1972:!58}. 

In summary I ~he ethnographic data for the study area , 

while scant, do 1nd1cate that the: Hu 1 rapwi 'tika and/ or the 

Pa'tach1't1ka bands of the Northern Paiute were the pr1mary 
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users of the study area and adjacent reg1on during the 

ethnographic period. Subsistence was largely based on 

collection of roots, fishing for anadramous and perenn1al 

fish, and hunting of big game. 
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II . RESEARCH METHODS 

Volcanic Glass: Composition, Formation, and Distribution 

Volcanic glass is a common constituent of acidic magmas 

{rhyolite, rhyodacite, and dacite} and was 'nTldely used by 

aboriginal peoples for the manufacture of stone tools. 

However, only those glasses relatively free of inclusions and 

mineral fragments were sui table for such use ( Jacl-: 1976: 184} . 

Lavas are a mixture of several oxides with silicon dioxide 

(Si02 } usually present in excess over all others. Typically, 

the amount of silicon dioxide (Si02 ) has bee~ used to group 

lavas into three gradational categor1es . Those lavas 

containing 66% or more silicon diox1de are :.-:e:erred ~o as 

acidic, those consisting of 52-66% inter~ediate, and -:!"lose 

with less than 52% sil1con d1ox1de are called basic :a•;as 

(Ballard 1976:51}. 

The amount of silicon dioxide cri t1cally affects the 

viscosity of the lava and its distr1but:on over the landscape. 

Acidic lavas are more v1scous than the1r counterpar-::s , -:he 

flu1d basic lavas (e.g. basalts) and tend -::o congeal before 

they have travelled far from their 3ource o f erupt:. on. 

Consequently, the distribu t1on of a ciC.ic la··as 1 s pr:rnarily 

dependent upon i r.s mag ma t:J c compos1 t.1o n a:-1d 't !l~ t c ;: -:- gr=.phy 

over which 1t flo·.1s. Significam:ly, when •;iscos1r.y .~.s !ugh 

dur:ng the cooling of ~he l 1qu id magma , the mlqra tl o n of : e n s 
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is inhibited, crystallization is stopped and obsidian is 

formed (Ballard 1976:64). Thus, obsidian deposits tend to be 

fairly localized. 

An important aspect of acidic lavas though, is that their 

high viscosity inhibits the release of the primary force behind 

volcanic eruptions--volcanic gases. This often results in 

very explosive eruptions (Ballard 1976:64). ·such eruptions 

are very common when rhyolitic magmas are involved. These 

eruptions also can potentially produce another volcanic 

glass--vitrophyre. 

Vitrophyre is the end product in the welding process of 

ash flows or ash falls erupted violently from open craters, 

fissures, or vents superimposed on volcanic domes. Though no 

eruptions of ash flows that have produced welded tuffs have 

ever been directly observed, these flows are believed to 

consist of a turbulent mixture of gas and pyroclastic materials 

erupted at very high temperatures (Ross and Smith 1961:16). 

Much of the pyroclastic material is erupted high into the air 

and falls to be incorporated as volcanic ash, pumice, and 

crystal fragments in tuffs and tuffaceous sediments. 

Significantly though, a large part is erupted as hot, high 

density suspensions that retain much of their internal heat and 

flow as turbulent mixtures down the slopes of volcanic cones 

(Walker 1970:98) . The areal extent of these flows depends 

primarily on the volume of ash erupted and the terrain over 

which t:hey travel and can exceed distances of 60 miles ( 100 km) 

(Ross and Smith 1961:22). In extremely violent eruptions, ash 
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flows can cover a thousand square miles in a matter of hours or 

days. Others. related to small fissure vents and domal 

complexes may be quite localized (Walker 1970:97-98). 

As the ash flow settles still retaining much of its 

inherent heat, it welds together in three gradational zones. 

The top zone of welding is typically unconsolidated. Directly 

below this layer, is the partial zone of welding. The zone of 

dense welding comprises the basal layer of the ash flow and is 

defined as the zone 11 in which complete coalescence of the 

glassy fragments has resulted in the elimination of all pore 

spaces. A dense black glass or vitrophyre is the normal end 

product of this process" (Smith 1966:154). Generally 

speaking, rhyo-dacitic magmas characteristic of the ash-flows 

of eastern Oregon contain 73-74% silicon dioxide and are 

typically very glassy, containing only a few crystals (Walker 

1970: 109). 

Often called ignimbrite by many archaeologists, 

vitrophyre is frequently confused with obsidian. Generally, 

the two are macroscopically distinguished on the basis of 

transparency or translucency. If the material is transparent 

or translucent it is referred to as obsidian. If it is opaque, 

it is termed a vitrophyre (Sappington 1981:133). Additionally, 

vitrophyre contains distinct crystals which can be detected 

macroscopically. On a microscopic basis, these crystals o=ten 

appear flattened. This flattening results from the crystals 

being squeezed and distorted by the overlying pressure and 

weight of the ash flow (Ross and Smith 1961:4). Obsidian, on 
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the other hand is a true glass free of any crystalline 

structure. However, there are case s when macroscopic 

distinction becomes difficult (Smith 1960:824). While 

crystals may comprise up to 25% of the rock mass of a 

vitrophyre, some obsidian- like vitrophyres have been found to 

contain only 0.1% phenocrysts in their mass (Ross and Smith 

1961:36) and can thus be easily confused with obsidian. While 

the volcanic glass associated with the Dooley Rhyolite Breccia 

is best classified as an obsidian-like vitrophyre, I refer to 

this material as obsidian. 

X-Ray Fluorescence 

Although there are other methods (e.g. neutron 

activation) which can be used to analyze obsidians, x-ray 

fluorescence has been the most widely used. Because this 

analytic technique provides the basis for this study, some 

description of the method is necessary. 

X- ray spectrography originated nearly seventy years ago 

with the study of the x-ray spectra of the elements, but "the 

method had to await the technological adavances of the 1950s 

and 1960s . .. before it could be taken from the physics 

laboratory and used as a simple and reliable method of chemical 

analys~s" (Norrish and Chappell 1967:162). vh th the ~ncreased 

demonstration of its ut~lity since the 1960s, x-ray 

fluorescence has been used to 1nvestigate trade networks and 

related archaeoloa1cal problems in many diverse regions. 
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Archaeologists have used the technique in the Middle East (Cann 

and Renfrew 1964), New Zealand (Reeve and Ward 1976), 

California (Jack 1976; Ericson, Hagan, and Chesterman 1976; 

Hughes 1983), the Great Plains (Fr~son and others 1968; Davis 

1972 ) , Utah (Nelson 1982), and the Pacific Northwest 

(Sappington 1981) . 

X- rays may be considered as ~ndividual photons of energy 

and are produced when electrons of suf!"icient energy strike any 

matter. When matter is irradiated w~th primary x - rays, 

secondary x - rays are produced; the term fluorescent is 

generally applied to these secondary x - rays (Norrish and 

Chappell 1967:163). The way in wh~ch fluorescence occurs ~s 

relatively simple. .a.ll matter is made up of atoms. As 

described by the Bohr model, ~he atom is best v1sualized as a 

spehrical shell s~ructure. At the center of the atom is the 

nucleus around wh~ch negatively charged particles (electrons) 

orbit. Certain fundamental pr~nc~ples allow the electrons ~o 

occupy only well de!"1ned shells or orb1ts. Importantly, the 

characteristic e:1ergy of a gr,;en shell is re:.ated to the cnarge 

of the nucleus (i.e., the atomic number), wh~ch also 

ef!"ect:.vely characterizes the a-:om1c element. 

Fluorescence, or secondary x - ray emission .:.::curs v.·hen 

mat"ter (e.g., an ob~1 •. :ilan spec1men) 1s irradlc.~t..ed w1th 

incident x - ray photons of su!!"ic1ent energy to dislodge an 

electron from its atom1c shell around the nucleus of the ate~. 

This create ... a vo1d t.hat. J.s 1mmed:.ately occup:.ed by an e!.ec"tron 

from an outer shell. Since the fundamental requ1rement o t 
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energy conservation does not permit the loss of energy, this 

condition (the transference of electrons between atomic 

shells) is accomodated by the emission of electromagnetic 

radiation carrying an amount of energy equivalent to the 

difference between the two shells of the electron transition 

(Woldseth 1973:1.5). Statistically, over a large number of 

electron transitions, a characteristic emission spectrum is 

produced. The emitted radiation from secondary fluourescence 

is momentarily absorbed by the semi-conductor detector which 

allows the energy characteristic of each element to be 

measured. Thus the proportionality between the charge and the 

energy which is deposited in the semiconductor detector "is the 

key to the energy spectroscopy by which these systems permit 

measurement of the spectra" ( Woldseth 1973:2. 2) . 

The semiconductor "by definition ... is a very poor 

conductor (i.e high resistivity) of electrical 

charge"(Woldseth 1973:2.2). Two materials, silicon and 

germanium are usually used in their construction. However, the 

capability of the semiconductor can be affected by even small 

amounts of impurities and some compensation is usually 

necessary. This is accomplished by drifting lithium atoms into 

the silicon material which effectively creates intrinsic 

material with high resistivity (Woldseth 1973:2.4). As 

lithium is highly mobile at room temperatures and can affect 

the desired performance of the detector, the detector is cooled 

with liquid nitrogen (-190° C). Cooling of the detector thus 
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maintains the l~th~um compensation for impurities within the 

detector (Woldseth1973:2.4). 

Because the electrical pulses produced during 

fluorescence a r e usually very small, they must be amplified 

proportionally to the energy of the detected x- rays by an 

amplifier . The amplifier conditions the electrical signal for 

its eventua l presentation to a multi - channel analyzer (MCA). 

The multi - channel analyzer then sor~s the energy from 

secondary fluorescence into the appropriate energy ranges 

characteristic of each particular element. "In order to 

transmit the relative quantitative informa~ion contained in 

the pulse amplitude distribution, it must be transformed to a 

digital form that can be accepted and stored 1n ~he £1CA nemory" 

(Woldseth 1973:2.6). This function is accomplished by the 

analog- to- digltal convertor. The digital values are then 

semi - quanti ta~1 vely processed and analyzed by a c:::>mputer whJ.ch 

determines the intensity of the peak energy by ~otaling the 

recorded counts w1~hin a par~icular elements spec~ra: area. 

The net count thus reflects the elemental concentrat~on within 

a par""::icular sample (Wold seth 1973:2. 3 6) . 

The energy dJ.spers1ve system employed in ~~is s~udy is 

~oused at the Idaho Bureau of r-:.:.ne::: and Geclogy at the 

Uni ve! Sl ty of Idaho ana has beeP. des=rJ.bed by Sap?ing~on 

(1981). Ins~rurnentation cons1sts of a Tracer Northern NS - 880 

energy dispersive instrument, a Nuclear Sern:!.conduc-:::::r 512 

ampl1fier sys~ern, ~J.th a l1th1um-dr1f~ed s1l1con detector, a 

New England Nuclear americlum-241 100 m1ll1cur1e radioact1ve 
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source, and a dysprosium secondary target. These components 

are linked with a Tracor Northern NS-623 8192 

analog-to-digital convertor I a PDP 11/05 computer, and a 

Decwri ter I I printer. The system can effectively obtain data 

for approximately 70 elements between the ranges of calcium 

(atomic number 20) and uranium {atomic number 92). 

The XRF instrument at the University of Idaho is presently 

programmed to obtain data for ten elements. These elements are 

iron (Fe), rubidium (Rb) 1 strontium (Sr), yttrium (Y), 

zirconium {Zr), niobium (Nb), tin (Sn), Barium (Ba), lanthanum 

(La), and cerium (Ce) (Sappington 1981: 134). Archaeological 

specimens and source standards are fluoresced for a 300 second 

counting period in free air. 

Experimental Variables 

Several conditions can potentially influence the measured 

intensities of elements within a given sample. These 

conditions include specimen geometry, weight, density, 

condition, distance from detector, counting time, proximate 

time 1 and atmosperic conditions. 

Specimen geometry as used here refers to specimen size, 

shape, and surface morphology. Because lithic artifacts are 

extremely variable in their geometry and the analytical system 

employed in this study is non-destructive, specimen geometry 

is impossible to control. If all specimens.were prepared by 

crushing, specimen geometry could be more closely controlled. 
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As most archaeologists wi s h to preserve artifacts for future 

study, the non- destructive method of analysis provides an 

attractive alternative . Efforts were made to at least 

partially control for variability introduced by specimen 

geometry by placing relatively flat surfaces, usually the 

ventral surfaces of flakes, facing the detector window. As a 

general rule, analysis of non-cortex surfaces of source pieces 

was striv ed for. 

In general, spec1mens less than 1 e m in d1ameter were 

excluded from the analys is. It has been a general assumption 

that specimens less than l em yield suc h weak intensity 

readings so as to cause statistical misclassifications. In the 

test case described in the f ollowing pages, the c las sification 

r e s ults tend t o s upp o rt this assumption. While mos t (80%) o f 

the specimens slightly larger than 1 em we re cor~ec~ l y 

c l assified, the one s pecimen which was sma l le r ~han ~h1s 

requ1red size was misc l a ssif1ed. While v a r1ation in size was 

t e s ted f or, o t her v ar1able s such a s \-·:ei ght and d e n s ity wer e 

not . 

Ot h e r exper!men~al cond1~ions can generally be held ~ucn 

r:~ore constant tha n s pecimen g e orr,etr y. Spec i men concii ti on 

:-e:ers ~o t h e general cleanliness of ":.he s p ecimen p r.:. cr -:.o 

ana l ys.:.s. Elements within adhering substances such as soi : 

particles will also be detected by the instrument and thls can 

be a sou ~ce of error ln the measured peak 1ntensities . Ttis 

problem 1 s m1 <:1gated by washing -:.he analyzed spe:;1men s in 

normal 1:.ap water before analysis. 
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Specimen distance from the detector refers to the 

physical space between the detector window and the artifact 

being analyzed. This distance remains roughly the same, 

although the distance does vary somewhat with the differing 

surface morphologies of various artifacts. As noted above, 

attempts are made to partially control for this variable by 

selecting for flat surfaces. 

Prox~mate t~me refers to the period of time during which 

both artifacts and geologic source standards are analyzed. The 

radioactive source used to in~t~ate spec~men excitation, 

(americium-241) has a relat~vely short half- life of 458 years 

(Woldseth 1973:Table 2.3). Consequently, specimen excitation 

and resultant peak intensity readings wi 11 not remain the same 

over a period of years. To alleviate any fluctuations in 

in~ensity readings all specimens and source standards used in 

this study were analyzed during a relat1vely short period of 

time; this period extended from January 1983 to September 1984, 

a per~od of one year and n~ne months. 

As the specimens are analyzed in "free air," at:mosperic 

co:1di t:ions are anot:her -variabl e which migh".: poten~ially a£.:ec~ 

analytic results. However, I d~d not <:est this var~ able or 

attempt t:o adj'.lst for d1f:er11~g at::nospher1:: cond:i~: ons . 
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Discriminant Analysis 

"Discriminant analysis begins with the desire to 

statistically distinguish between two or more groups of cases" 

(Klecka 1975:435). Cases refer to individual obsidian 

spec~mens (either artifacts or unmodified rock specimens 

collected from their geologic source). Groups are formed from 

these cases and are selected by the researcher and defined by 

the particular research situation. 

The researcher then selects a set of discriminating 

var:ables that measure characteristics on which the group 1s 

expected to differ. In this analysis, the discriminating 

variables consist of relative proportions of the measured peak 

intesities for seven elements (Fe, ~b. Zr, Sr, Nb, Sn, and Ba). 

The mathemat1cal objective of discriminant analysis is to 

we1ght and linearly comb~ne these discr1m1nating var1ables in 

some fashion so that the groups are forced to be as 

stati s-:ically distinct as possible. In o-::l:er words, we want: to 

be able to "discriminate" between the groups in the sense of 

being able to tell them apart (Klecka 1975:435). 

~hese combinations o f variables are referred to as the 

discrim:nant functions. Significantly, ::.!1ese :t"u!1c"::1ons are 

for~ed :n such a way -:ha::. intergroup diffe~ences are maximized 

and intragroup differences are m1n1mized (K~ecka 1975:435). 

Once t!:is ha~ been acco:n:;:lish~d. the two resear;::~ o!:.)ect1 ·~·es of 

dis;::r::.:n:nant analysis, analysis and classificat1on can be 
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The analysis aspect of the program provides several tools 

for interpreting the data and measuring the success of the 

discriminating functions . The tools provided in the analysis 

aid in identifying those variables which contribute most to the 

differentiation of the groups (Klecka 1975: 436) . 

The criteria by which independent variables are selected 

for inclusion in the analysis are controlled by the researcher . 

In many cases, the full set of variables will conta~n "excess 

information" and some variables will provide only minimal 

information useful for separating the groups (Klecka 

1975 :446 - 447). While the entire set can be entered directly 

and the derived discriminant functions used regardless of the 

di scr~minating power of the independent variables, a more 

prudent and efficient alternative 1s provided by the 

Mahalanobis Stepwise Selection Method. This method 

begins by choosing the single variable which has the 
highest value on the selection criterion. This 
initial variable is then pal. red with each of .:he 
other variables one at a time, and the selection 
criteria is computed. The new variable which in 
conjunction with the initial variable produces the 
best cri ter1.on value is selected as the second 
variable to 'enter the equation' These two are 
then combined with each of the remaining variables 
one at a t1me to form triplets \vhich are evalua-ced on 
the criterion. The trlplet with the best cr1terion 
value determ1.nes the th~rd variable to be selected. 
This procedure of locating the next variable that 
would yield the best criterion score, g1vcn the 
variables already selected cont~nues until all 
var1ables are selec~ed or no addit1onal var1.ables 
prov1de a rnin1rnum level of 1rnprovement [~lecka 
lq7 5: 4-11 ]. 
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Var1able selection in the SPSS (Statistical Program for 

the Social Sciences) subprogram DISCRIMINANT can also be 

controlled by a partial F- ratio. The F- ratio tests the 

statistical siginificance of the amount of group separation 

added by a particular variable above and beyond the separation 

produced by the prev1ously entered variables (Klecka 

1975:453 ) . To reduce the number of redundant and insignificant 

var1ables which contribute ve~y l1ttle to group separation, 

establishing minimum F levels (F- tc- enter, F- tc- remove) can 

help to "streamline" the analysis of \:ariables. 

Users who want to keep the minimum F' s at a fixed and 
known significance level can do so w1th the P:N and 
POUT specifications. . . . The signif1cance level 1n 
this case 1s the probability of obta1n1.:1g the 
differences in the centroids as large or larger than 
are found in the data due to chance when the 
centro1ds are actually equal in the populat1on 
[Klecka 1975:45~]. 

Only when a variable has passed ~he m1:11.mum F-tc- enter and 

F-tc - remove criterion can it be cons1dered for inclusion in the 

analysis. As the process of se:ect1ng the best variables 

proceeds, some previously "good11 ·1ar:..ables may lose their 

~iscrim1nating power and be exc~uded f~om the analysis. ~his 

oc=~~s because new in!ormat1on may be ava1lab:e !:1 some othe! 

combination wh1.ch prov1des more useful 1n~o~mat:on for 

separating the groups. 

After the most imoor~ant d:s=r:~:~ant iu:1=t: ons are 

determ1ned, two measures are available to JUdge the funct1c:1s' 
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contribution to group discrimination (Klecka 1975:442). These 

are the eigenvalue and the canonical correlation coefficient. 

The eigenvalue is a measure of the relative importance of the 

discriminating function. The relative percentage of each 

eigenvalue provides an easy refernce for assessing the 

importance of the associated function in achieving group 

separation. The function with the largest eigenvalue is the 

most powerful discriminator while the one with the smallest 

eigenvalue is the weakest discriminator. The canonical 

correlation coefficient is a measure of association which 

summarizes the degree of relatedness between the groups and the 

discriminant function 11 (Klecka 1980:36) . A high coefficient 

indicates a strong relationship between the groups and the 

discriminant function being measured (Klecka 1975:442). 

The discriminating variables might best be viewed as axes 

that define a p-dimensional space. 

Each data case is a point in this space with 
coordinates that are the case's value on each of the 
variables. If the groups differ in their behavior 
with respect to these variables, we can imagine each 
group as being a swarm of points concentrated in some 
portion of this space. ~·fuile the groups may overlap 
somewhat, their respective "territories" are not 
identical. To s~~arize the position of a group we 
can compute its 11 centroid. 11 .'A. group centroid is an 
imaginary point which has coordinates that are the 
group's mean on each of the variab s [Klecka 
1980:16]. 

As groups are described and characterized, they are 

compared one at a time to all of the group centroids and 
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F-statistics are computed which provide a means to test the 

validity of the separation between each group 1 s centroid. 

Consultation with a table of F-statistics indicates whether or 

not the amount of separation between groups is statistically 

significant. Consequently, as the group centroids become more 

separate, the F-ratio increases (Klecka 1975:454). 

Once the most powerful discriminating variables have been 

located and the groups separated, the discriminant functions 

are then used to predict the group to which the case most likel::t 

belongs. In this classification aspect of the program, a 

decision based on the discriminating variables is made as to 

which group a case (e.g. an artifact or a source standard) most 

closely resembles or "belongs to 11 (Klecka 1980:42). In 

general, this involves measuring the distance between the case 

and each group 1 s centroid. 

Assuming that each group comes from a population with a 

multi variate normal distribution, "we know that most of the 

cases will be clustered near the centroid and that the density 

of cases will diminish in a precise fashion as we get further 

away from the centroid" (Klecka 1980:45). By knowing that 

distance we can calculate the proportion of cases that are 

closer and the proportion of cases that are further away from 

the centroid. Consequently, this makes it possible ~o 

establish probabilities for group membership. 

SPSS output provides two probability estimates for 

classifying each individual case. These probability estimates 

are P(X/G) and P(G/X), where P represents the probability, X 

..-----l!'illl!'ll"---------------·-·- ·---· 



the individual case and G the group. The probability of a case 

actually being in its assigned group is represented by P(G/X) 

(Klecka 1975 : 458). P(G/X) is also computed for the second 

closest group when the probability estimate exceeds . 005. 

P (X/G), on the other hand 11 is an estimate of the proportion of 

cases in that group's population 11 which are located even 

further away from the centroid than X (the individual case) is 

(Klecka 1980:46). If the value of P(X/ G) is small, "it signals 

the the possibility that this case might not belong to the 

populations from which these groups were drawn, even though it 

is 'closest' to the group indicated"(Klecka 1975:446). 

Under discriminant procedures , i-: is assumed that an 

ungrouped case is in {act a member of one of the groups in the 

sampling universe. Accordingly, unknown cases are forced to 

belong to one of these groups. However, it is never possible to 

of the group to which it is assigned. This is simply thebes~ l ' be absolutely certain if an 1r.dividual case is in fact a membe r 

I 
estimate based on the discriminating variables used to 

di st1ngui sh the predetermined groups . 

Once the groups have been separa~ed b y ~he discriminant 

func"':ions, cases or arti facts of unknown group affiliation can 

be classif1 e d i nto one of these g r oups. Here, the poss1bility 

of m1sclass1£ied or poorly classif1ea cases are a mat~er o: 

cons1derable i mportance. In general, m1sclassificat ions can 

occur in one of t.he follow1ng t ·,yo ways. First, an unknown 

sourc e group or groups may exist v.h1ch o\·erlap (chemica 11 y) 

t 
with a known soutce group !n the sampl1ng univetse. Thus, 
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while artifacts from unknown sources may be classified into 

sources included in the analysis, these may be incorrect 

assignments nevertheless. In this circumstance, the best way 

to detect a misclassification would be through inspection of 

the P(G/X) value which signals the possibility that the case 

may not belong to the assigned group even though the estimate 

of group membership P(X/G) is very high. Secondly, 

"misclassifications can occur when two or more groups exist in 

the sampling universe which are nearly identical or at least 

overlap to a significant extent on the basis of 

discriminating variables measured in the study 11 (Hughes 

1983:73). 

Whereas archaeological researchers in the Pacific 

Northwest have only recently become interested in problems of 

obsidian procurement, it is unlikely that all obsidian source 

locations have been located or reported. For example, while 

97% of all the a~alyzed artifacts from Dirty Shame Rockshelter 

(Sappington 1982) were correlated with source groups at 

acceptable probabilities, only 59% of the 283 i terns from 

central Oregon sites were so correlated (Sappington and Toepel 

1981:241). This suggests that for the southeast Oregon area 

and the sources near Dirty Shame Rockshelter, most obsidian 

sources have been located and/or these sources are very well 

characterized. Conversely, the central Oregon areas obsidian 

resources may not be well known or some of these sources may 

chemically overlap. 
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Another possible source of erro r could result when two 

chemically and geologically distinct sources become mixed 

either through the initial deposition of volcanic flows or 

through the erosion of one source and its subsequent deposi ton 

with another source. The result in this instance would be a 

group which might exhibit more chemical variability and 

overlap with other groups to a significant degree. Under 

discriminant analysis procedures, unknown artifacts situated 

on the border of two groups would normally be assigned to the 

more d~ spersed of the two groups (Klecka 1980) . 

In summary, discrim~nant analysis is a method which can be 

used to statistically dist1nguish between obs1dian source 

groups and classify artifacts of unknown source affiliation 

into one of these groups. It must be remembered that these 

groups are formed and selected by the researcher. The 

researcher also selects a set of discriminating variables to 

statistically define these groups . These variables are then 

combined with other var~ables in a stepwise method to form 

discriminant functions which seek to maxim1ze the separation 

between the two closest groups. Scores from these discr!minC!nt 

functions are used to character1ze and identify these groups by 

deriving certain allocat ion rules. These allocation ru:es are 

then used to classify ~~known cases 1.nto one of the g~oups 

1ncluded 1n the analys1 s. 

D~scrim~nant analys1s proceciu~es mandate that ungrouped 

cases be c lassi fi ed i n to one ~= these groups. P:·cbab1l.! ty 

estimates for these class~fications are then made which the 
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researcher can use to assess the llklihood of these 

classifications. 

Analytical Procedures 

I t is assumed in this study that aboriginal obsidian 

p r ocurement was focuse d on those sources nearest to the sites 

being utilized. In general, eas~ern Oregon contains probably 

more obs1dian sources than any other area of North Amer1ca of 

comparable size (Fig. 5). Because it is not feas1ble to 

compare the archaeological specimens in th:s study to all of 

these sources, I selected known sources wi~h1n approx1mately 

100 miles (160 km) of the sites under investigat1on. Sources 

selected :or inclusion in the analys1s are -;he Drewsey, Shumway 

Ranch, Coyote - Buckboard, Petroglyphs, Gregory 

Seneca - Glass Mounta1n, Owyhee Owyhee Q 
<.JI ':'1rnber Butte, 

Reynolds Creek, Indian Creek, and Ebell Creek sources (Fig. 6). 

While th: s approach excludes many east and cem:.ral Oregon 

sources, particularly those in the Burns \·:cinlty, I believe 

this selection 1 s J usti fi able given the assumptions of the 

study. However, the 1nclusion of the ~(XtG) probabil:ty 

eEt:mate 1n the analysis makes it possible to detec~ 

class1 f1cat1ons to source groups wh1ch rn1g'ht. not be incluoed 1n 

the analysis. 

In general, al: source groups used in -:!ie ana 1 ysi s consl s-:: 

of 20 so~rce stancards. Sxceptlc~s ~o th~s :n= l ude the Owyhee 

B and Re:t•nolds Creek sources v1bere or.ly 10 i terns •t~e:.· e availabl~=> 
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for analys1s. The other except1on is the Indian Creek source 

which contained 40 source standards. While absolute group size 

can affect the classification results 1n some procedures, the 

SPSS PRIORS=EQUAL option specifying that unknown cases have an 

equal probabi l ity of belonging to any of the groups was 

included in the analysis. 

As previously noted, discriminant analysis requires that 

all groups exhibit a mult1variate normal dis~r1bution. 

~lultivariate nor:r.ality for groups used in the analysis was 

confirmed using the Kolmogorov-Sm1rnov goodness - of - fit test 

which tests "the deg:::-ee of agreement between a sample of 

obse::ved values and a hypothesized probability di s"Cribution 11 

(Mendenhall and others 1974:254). Results 1ndicated that a~ 

~he .05 conf1dence level, there was no s1gn1ficant d1fference 

bet:ween the observed values of the source groups and the 

hypothesized values of a :1ormally distributed population. 

All source standards and artifacts were analyzed for a 300 

second counting period w1th the XRF hardware described 

previously. Peak intensities were correct:ed for coun~er 

dead-time and background noise. Because the peak ~n~ens1t1es 

recorded for each eleffient are of a relat1ve nature, they were 

converted t:o propor~ior.al variables pr1or t:o their submiss:on 

for d1scr!m1nant ana:ys1s. D:scr1m1nat1ng ~ar1ables selec~ed 

for 1nclus1on in the st:epwise discrim1nant procedure include 

t:he follow1ng: 



i 

(1) the proport:ons of iron (PFe), rubidium (PRb), 
strontium (PSr), Zirconium (PZr), niobium (PNb), 
barium (PBa), and tin (PSn) relative to the sum of 
the peak intensities of Fe, Rb, Sr, Zr, Nb, Ba, and 
Sn; 

(2} the proportion of iron (PFel), zirconium 
(PZrl}, and barium (PBal}, relative to the sum of the 
peak intensities of Fe, Zr, and Ba; 

(3) the proportions of rubidium (PRb2), strontium 
(PSr2), and zirco nium (PZr2) relati v e t o the sum of 
the peak intensi t ies of Rb, Sr, and Zr; 

(4) the proportion of zirconi u m ( P2r3 ) and tin 
(PSn3) relative to the s um of the p e a k intensities of 
Zr and Sn. 
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For inclusion in the analysis , the d e g ree of group 

separat ion added by a part icu l ar var~ ab: e had t o b e significant 

at the .05 confidenc e level. This requirement was specified 

u s ing the PIN=. OS and ? OUT=. OS opt ion . 

According to the disc r imin a nt a n al ysi s , the propor tion o f 

zirconium (PZr2) relati v e to Zr, Rb, a nd Sr a lone accounts f o r 

80% of the v ariance betwee n groups. The proport ion of b arium 

( PBa) rel ati v e to Fe, Rb , Sr , Zr , Nb , Sn, and Ba i :1 conjunc t.::.o n 

with P Zr2 a c count f o r 92~~ of the ob served varian c e and fi v e of 

the var1ables account for over 99~0 of t:he observed v a r iance 

bet:ween sourc e groups (Tables 1, 2) . 

A revi e w· of the pa1rv-.'ise mat::::ix of !:-ratios (Table 3) a nd 

inspection of a table ~ f F - sta t1 ~ tic s :. ndi ccatcs ~!J.a t with 8 and 

215 degrees of freedom, the ditfe r ences betweer. all g roups at 

the .05 confidence level is statis~i c ally s1gn1ficant. 
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Summary table of between group differences 
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Canonical Discriminant Functions 
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fABLE 3 

Pairwise trl• of f - ratlos and significance of differences between group centroids 
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EArll f STATISTIC liAS 8 AIIO 215.D O£GRHS Of fREEDOM . 

802 803 804 1105 806 807 808 809 
SIIU'4WAY COYOTE- PfH!O- GR£GORY SENECA ~IYIIE[ OWYIIEE T I KliER 

RAIICII OIJU80ARO Gl YPIIS CREEK A 8 BUTTE 

-~-- -
AAIICII 0.0000 

CUYill[- 36.141 9Z . 109 
611C KOOfiRO o.ooon o.oouo 

PffRO- 167 . '..7 Z.l0.98 62.4 10 
CLYPitS 0.0000 0.0000 0 .0000 

ljfi£CORY 10l.2l 13. 188 1n1.s2 34!l.65 
(II! ll. 0 .(111(\() 0.0000 0 IlOilO 0.0000 

Sff,[CA 7.6352 Z5. 721 39 .708 179 .44 6!>.JOI 
0.0000 0.0000 0.0000 0.0000 0 11000 

~HIIH A 54 . 484 116 52 21.912 35 . 278 204.77 70 663 
O.llOOO O.OUlO 0.0000 0.0000 011000 0 0000 

OWYHH 8 5.8~6 47.896 16 .555 75 337 94 .384 17 .018 15.977 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

f IHB[P 341.94 409.48 217 10 95.609 535.54 356.69 156.94 188.43 
Bllll£ 0.0000 0.0000 0.0000 0.0000 O.OCIOIJ 0 .0000 0.0000 0.0000 

R£YUOLOS 1278.7 1315.2 994 .22 181.21 1440.0 12C0. 4 970.77 886.21 584. 75 
(P[[I. 0.0000 0. ()C)(I() 0 . ()CJ()C) 0.0000 0 OOCIO O.OCJOO 0.0000 0.0000 0.0000 

IUOJAII 15.385 44 .1169 2A 9)4 186.52 109.24 4.1490 70.7?5 17 .955 404.50 

u rr •· o.unno U.OOCIO 0 fltllll) 0 0000 ll.I~ICKI 0 ouoo O.OilClO 0.0000 ll .llHOO 

l8lll 2. 9&74 !16.11811 Jl . <'ll 14(). 06 11 !>. !)4 14 .1)25 411 . <144 2.3 171 Jl)t\.2!l 
(Prt I O.!Kll& 0.00110 0 ,()(}(1() o.nnoo ll , llOOll 0 .0111)() O.OOCIO 0 .0210 0.0000 

--~ ----- -- - - ----------------- --------- --

810 
REYNOlDS 

CREEK 

1439 .4 
0.0000 

1221.0 
0 .0000 

812 
INDIAN 
CREEIC 

20. 1A8 
0 0000 

.. ------ '-·--·--- ·------------

Vl 
CX) 



59 

Overall, 85% of all individual cases within the source groups 

were correctly classified (Table 4). Classif~cat1on results 

indicate that 100% of the individual cases in three groups are 

correctly classified. Most ( 75%- 95%) of the cases within seven 

of the groups are correctly c lass1fied. Two source g:::-oups, 

Drewsey and Ebell Creek exhibit low (50~-63% ) correct 

classification results. 

SPSS provides no set gu1delines for dete:::-mining when to 

accept or reject classification of an unknown case . For the 

researcher whose main interest is in a r:~odel "which can predict 

well or serve as a reasonable description of the real world, 

the best guide is the percentage of correct classifications" 

(Klecka 1980:62). While this percentage nearly always 

over1nflates the estimate of co:::-rectly classif1ed cases 

(Hughes 1983: 60), th1s percentage does ".1nd1cate" the accuracy 

of the classificat.1on procedure and ":~directly confirms the 

degree of group separation" (Klecka 1980:49). 

In th1s analysis, I arb1trarily establlshed m1nimum 

levels for acceptat~ce or re_, -:ct:or- of unk!':own cases . I 

required that the probabi li 1:y est:..::-.ai:e of group rnembersh1p 

P(G/X) be greater than .65 and the probabil1ty estl.Ir.ate of 

P(X/G) be greater ~han .10. Unknown cases fulfilling both oi 

these requirements '<Jere accepted. Those t.r.a~ did not were 

rejected. An exception to th.! s is the T1mber Butte source, 

which while ha·:i!1g all but one of -::!1e :!0 source p1eces 

class1f1ed con·ect!. y <H ?(G; :.q est.lma-::~~ -::! . 97 o:- great<>r ~lso 

had P(X ' G) values of . 00 val'les ::epo:::-ted 1n over 65~~ of the 

-· - su a 
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correctly classified cases. The reason for th1s apparent 

discrepancy is unknown at this time, but it is appears to be 

related to the broad distribution of cases reported i:1 the 

scatterplot for this group. Thus, for i terns assigned to Timber 

Butte ( 11 of 575 or 1. 9% of all unknown cases), a minimum value 

of 1.00 for the P(G/X) estimate of probable group membership 

was required for acceptance . 

The Test Case 

As another measure of the program's ability to correctly 

classify unknown i terns, a test case was 1ncluded in the 

analys1s . In this test case, I selected an obsidiar. nodule 

from the Indian Creek source and :::-educed i ~ by d1rec-.: f:::-ee - har.d 

percussion to a large biface. One large flake from this core 

was also selected and bifacially flaked with an antler billet 

and an antler pressure flaker into a small corner-notched point 

(Table 5). The projectile point, biface and ten flakes were 

then analyzed using ~~e same procedures described above and 

submi<;":ed i!"l the same ciiscr:iml:-1am: anal:.;sls. 

Classif1cation results (Appe:1dix A) 1ndicate that n1ne of 

-he ~··ol·;e '"'""'InS (-~0') are cor.,..~=>c-~·· - 1 a~el· .:-·ed . .,.,-o -l.,o ~na·l· a.., .... • t.....,., - - ..._- I .., 1 0 - - - """..L .i '"-" - ..::. - 4.. - - •• ._ -·.- - • • , , 

Creek source group. Of ":he items v.·hich t,..•ere mlsclassl::ed, one 

(720. :.9) d:d not fulfill ~he min1mum s:.ze requirement and • . ..-as 

not expec-ced to be correc~l y c 1 ass1 f1ed. The probability 

t::stimate F(X 1G) of .00 indi(:ated that t:he: ass1gnme11tmlgh~~ot 

be ccr~ect and ~hould ptobably be rejected. S:imi:arly, ":ht: 
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Table 5 
Test Case Description 

Description Re~. No. 

Secondary 
decortication flake 720.1.1 

Secondary 
decortication flake 720.1.2 
Tertiary flake 720.1.3 
Secondary 
decortication flake 720.1.4 
Tertiary flake 720.1.5 
Secondary 
decortication flake 720.1.6 

Secondary 
decortication flake 720.1.7 
Tertiary flake 720.1 .8 

Non-diagnostic 
shatter 
Corner-notched 
point 
Non-diagnostic 
shatter 
Biface 

asource Assignment 
807 Owyhee A 
812 Indian Creek 
813 Ebell Creek 

720.1.9 

720.1.10 

720.1.11 

720.1.12 

-
-E 
E -

.... 
::1: 

51 54 

45 53 

15 8 

20 15 
31 15 

32 35 

36 43 

13 17 

8 5 

28 20 

45 9 

96 107 

-I! -
.... 
.s:::. 
1-

-en -
.... 

n:s 
+.I 
c 
(U 

E 
cue 
ucn 
S...•.
:::scn 
ocn 
V)<( 

17 21.5 812-

18 43.5 812+ 
1 . 3 812+ 

3 . 7 812+ 

3 1.7 812+ 

9 5.8 813-

13 16.0 807-

2 1.0 812-

1 . 1 812-

4 2.4 812+ 

6 2.6 812-
19 95.4 812+ ' 

+ indicates accepted source assignment by established criteria 
- indicates rejected source assignment by established criteria 
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' i 
P(G;X) value of .01 for a large secondary decort~cat~on flake 

(720.1.7) suggested that its classification to the Owyhee A 

source was suspect and should be rejected. Thus in these two 

cases even though the probability est~mates P(G/X) of group 

membership {.96 and .69 respectively) are sufficiently high 

enough for acceptance, the P(X/C ) probability estimate I indicates that the probability of these assignments being 
f 

correct ones 1s low and that they should be reJec~ed. In the . 
last misclassification from th1s test case, another large 

secondary flake (720 . 1.6) was ass1gned to Ebell Creek at a 

probability of .37. This est1mate was too low for acceptance 

and would have been rejected under the criter1a used in this 

study . If the one case which was not expected to be correctly 

classified {because of i~s d1minu~ive size) is not considered 

in the tally of correctly classified i terns, then 9 of 11 or 82% 

of the ~est sample is correctly classified. In conJunction 

with the classification results of indiv1dual cases from ~he 
• 

source groups ~ndicating an 85% correct class1:ication ra~e, i 

it would appear that the program can correctly classify with 

approximately 80% accuracy. 
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III. OBSIDIAN SOURCES IN THE STUDY AREA 

Most of the reported obsidian occurences in the Dooley 

Mountain vicinity are associated with G1lluly's (1937) Dooley 

Rhyolite Breccia (Fig. 3). Most of the rocks in this unit are 

classed as flow of tuff breccias and are typically aphanitic. 

Sources of raw material have been reported in several di spe:::-sed 

local1 ties and prior to analyzing artifacts from unkno· .. .-:1 

sources, it was essential that samples from these localities be 

collected and analyzed. During the fall of !982, raw material 
t 

samples were collected from reported and some non- reported • 

locales and subsequently analyzed ~ith the XRF hardwa:::-e 

described above . 

As noted previously, x-ray fluorescence analysis by 

Sappington ( 1981:139) indicated that two discrete sources were 

present in the Dooley Mountain vicinity. One source termed t!:e 

Ebell Creek source was based on small pebbles and cobble: 

collected fro m the Ebel.: Creek drainage. The other source, 

called Wallowa was based on waste flakes and was somethi~g c: 

an enigma becat:se the sou:::-ce of :::-aw material had no-:: bee:: 

located. X- ray fluore scence analysis in this study suppc:::-~ 

Sapplngton's (1981:139) contention that t wo raw mater1 a: 

sources are located in the area ( Append1x B). While the t:se o: 

the Ebell Creek source is md.lntalneci, I refer t.o the previous.::: 

hypothetical Wallowa source as Indian Creek ( Fi.g. 7). 

--------·-----------------------------------------------------~---------------
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The Indian Creek source 

The obsidian or obsidian-like vitrophyre included with . 
.. 

the Indian Creek source group occurs in several localities with 

the densest concentrations being located within the drainages 

of Indian and Pine creeks (Figs. 8, 9). Other locales are 

located near Cornet, Auburn, and McLellan creeks in the 

foothills north of the Burnt River; sporadic pebbles and small 

cobbles are found on the north side of the divide near Denny and 

Rancheria creeks; an isolated and very limited outcrop is 

situated on Sheephead Mountain 15 miles ( 25km) southwest of the 

Dooley Mountain vicinity; and small cobbles and pebbles are 

located near the summit near Dooley Buttes and further east 

along the divide. 

Raw material near the postulated volcanic center at the 

Dooley Mountain summit {Gilluly 1937) consist of dispersed 

sub angular cobbles and pebbles averaging 2-3 em. in size. 

Cobbles as large as 5-6 em. are only occasionally found in the 

Dooley Buttes vicinity. Cobbles exhibiting flow-banded 

cortex, thermally fractured cobbles displaying a granular 

cortical surface, and some with a weathered chromium patina 

were observed. Flakes from these cobbles are mainly black, 

opaque and contain small phenocrysts. Some thin flakes are 

slightly translucent near the edges. 



Fig. 8 . View of Lower Pine Creek to
ward the Burnt River . Small obsidian cob
bles occur along the lower slopes of and in 
the small ephemeral tributary in the fore
ground . 

. . .. · , "' 
• • • ;\ .. t ~ • • 

-- . rt~•·, .. ·~~ 

Fig. 9. Eroded slope ncar the confluence 
of the West Fork and main stem of Indian Creek . 
Large cobbles are particularly abundant on this 
eroded slope . 
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Some of the cobbles have been apparently "tested" by 

aboriginal knappers and have only one flake removed. Whereas 

evidence for intensive exploitation of the naturally occuring 

cobbles is generally lacking at the source area, inferred base 

camps or task- speci fie sites near here provide evidence for the 

performance of ent1re reduction sequences. However, its 

diminutive size undoubtedly placed limit s on the range of 

artifact forms that could have been produced from this 

material. 

In contrast to the small cobbles and pebbles observed 

along the summit, the raw material occur1ng within the Indian 

and Pine Creek drainages is generally much larger in size. 

While pebbles and small cobbles are found throughout the area, 

cobbles ranging from 7 - 10 em and weighing up to 1. 5 kg ( 3. 5 

pounds) can occasionally be found in the creek beds and along 

the open sagebrush ridges bordering the streams. Less 

frequently, cobbles as large as 25 em and weighing up to 4 kg ( 9 

pounds) can be found. These cobbles are typically angular to 

sub-angular. The cortex on some cobbles is slightly vesicular 

which can cause some 1rregular fracture patterns in the removal 

of the cortex. Many of the smaller cobbles are thermally 

fractured and have highly polished surfaces, probably caused 

from w1nd- aided sand- blasting. Obsidian can be occasionally 

found in th1ck tephra deposits along with perlite, a water-rich 

and crumbly obsidian in roadcuts in this vicinity. Obs1dian 

has also been reported along a small gulch just west of Pine 

Creek ( F1eld notes of James Gi llul y, 1930) . 
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The interior of these cobbles 1s somewhat varied. Some 

cobbles containing relatively large phenocrysts exhibit a 

light- gray and black wavy flow- banding and are slightly 

translucent near flake edges. Other cobbles with both 

flow- banded cortex and 1nteriors contain no p e rceptible 

phenocrysts and are wholly opaque. In many of the thermally 

fractured and wind polished cobbles, the absence of 

phenocrysts can serve as an aid to the 1nterior of the stone , 

but in those with a natural cortex, a flake must be driven off 

to assess the stone's inter1or. Numerous cobbles with only one 

or t wo flakes removed were observed throughout the area and 

tentat~vely suggest that aborig1nal knappers may have been 

somewhat restrict1ve in their selection of raw material. 

Alte~natively, these cobb:es may have been used as cores for 

the production and procurement of large flakes which were then 

transported. 

Obsidian in the Ind:.. an and Pine creek vicinity apparently 

occurs in lag depos1ts and 1s sporadically distr1buted along 

the low, open ridges border!ng these creeks. Cobbles can be 

found eroding out of the adjacent slopes and secondarily 

deposi~ed cobbles can be collected ~rom ~he stream beds. ~he 

mate~:.al distribut1cn is also hlghly · . ..-ar.:able. ':'he densest 

concen~ra~1ons so far known appears to be cen~ered near the 

vlest Fork of !ndi an Creel~. In .:;orne small areas there is a 

literal pavement of obs1d1an pebbles and cobbles. More 

commo:1ly, cobbles ~re .:: ound about e\'t;ry !:1?e to ten meters 

apart. 

-
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Raw material also occurs along a small, steep ridge west 

of Cornet Creek. The material is similarly variable in 

morphology, cortex , and interior composition. The material at 

this locale i s not nearly as abundant as in the Indian and Pine 

creek area, but small lithic reduction stations w~thin this 

source locale do ind1cate its use. Gilluly (Field notes, 1930) 

reports obsidian on a small ridge between Cornet and Mi 11 

creeks about 1.5 miles (2 km) north of the Burn~ River. While 

the northern and southern limits of locale are reasonably well 

known, its western boundary is not. Small cobbles and pebbles 

have been reported about 3 miles (4.8 km) further ups~rearn in 

the Cornet Creek stream gravels, but archaeological 

reconnaissance by the U.S. Forest Service has not located any 

additional sources in th1 s immediate vicinity. Discarded 

projectile points recovered nearby and correla~ed to the 

Indian Creek source addi t~onally suggest that the mai:.er~al may 

have been used to fashion exped1ency i:.ools (Binford 1979) for 

use in 1rnmedia~e hunting tasks in the area. 

Fur~her east, small sub- angular cobbles and pebbles were 

incidentally found duri~g personal reconnaissance near 

r-1cLellan and Auburn Creeks. However, the material here appears 

to be very limited in supp::.y . Because there has beer. no 

lntens1ve reconna1ssance of these private lands, the ex~eni:. oi 

~bsidian occurrences i n this v1cin:.ty is unknown. 

All of the source locales so far d1scussed occur from the 

~ooley Moun~a1n sum."ni t south toward the But·nt Rl\'e.r.. One 

eYception to t:!:li s 1s the apparent..ly ·.:ery l1nn~ed pply near 

1 



72 

Denny Creek located on the north side of the divide about 2 

miles (3.2 km) from the Powder River. Samples collected from a 

small drainage west of Denny Creek were generally quite small 

pebbles, 1 - 2 em in diameter. This material had been heavily 

stream rolled and battered. Local residents indicate that 

small pebbles occur over the long ridges adjacent to Denny and 

Rancheria creeks to the east, but that chipping stat~ons in 

this area are extremely limited (Bill Kline, personal 

communication 1982). 

The last locale within the Ind1an Creek source to be 

discussed is the Sheephead Mountain locale situated 15 miles 

( 25km) southwest of the study area. This source was located by 

Pam Stephenson and me during a reco~naissance of the area in 

1980 (McDonald 1980). Raw material occurs in a small saddle 

north of Sheephead Mountain and is extremely localized and 

limited in quantity. No more than 40 cobbles larger t:han 1-2 em 

were observed in the area. These cobbles are generally angular 

to subangular and have a natural cortex. Flakes struck from 

this material are dense, black, and opaque and exhibit no 

discernible flow-banding. Some gray1sh-black glassy basalt 

cobbles also occur at this locale. Because this rr.aterial could 

not be dist1ngu1shed from other Indian Creek mater1al a~ ~he 

.05 confidence level th1s material 1s con~1dered to be of the 

same source group. Obsidian on Sheephead t-1oun-:ain may have 

been erupted through a fault ::one near the area (Lee Ehmer, 

personal commun1ca~ion 1980}. 
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Though the supply of raw obsidian is very limited here, 

lithic reduction stations are present indicating its use by 

aboriginal people. It is probable that some artifacts, 

especially from sites near this locale, and assigned to Indian 

Creek, have been manufactured from obsidian obtained at 

Sheephead Mountain. 

The Ebell Creek source 

Locales for raw material included within this source 

group are primarily located in the eastern portion of the study 

area (Fig. 7). Small nodules and pebbles smaller than 5 ern are 

generally characteristic of the material in this source group. 

Thin flakes from these nodules typically display a smokey 

transluscence with weakly developed flow-banding. Large, 

thick flakes appear jet-black and exhibit no discernible 

phenocrysts. These small cobbles and pebbles are sub-rounded 

with smooth to. slightly rough natural cortex. Some of these 

display a silvery patina. 

Natural cobbles and pebbles are widely scattered over 

Ebell Creek Divide but one archaeological survey reported "no 

recognizable chipping station" in conjunction with these 

deposits (Mead 1975:14-21). Personal reconnaissance along the 

divide also failed to locate any distinct lithic reduction 

areas. Small pebbles can be fQund near the heads of Sutton 

Creek and the east fork of Dark Canyon and a few small cobbles 

were noted in the an ephemeral stream channel between French 



Gulch and Dead Horse Canyon. However, their d1m1nut1ve s1ze 

was probably a major hinderance to artifact production. 

Slightly larger cobbles can be found near the historic 

settlement of Rogers located between Trail and Beaver creeks 

(Fig. 7). Small sub- rounded cobbles occur in the stream 

channel, but the bulk of the material appears to be located to 

the east along the adjacent slope up to a small saddle. While 

obsidian may be p~esent fur~her east toward the head of Beaver 

Creek (Bob Cunn1ngham, personal commun1cation 1982), an early 

October snow prevented any further 1nvestigat1on of this 

source locale. Personal reconnaissance along ~he middle 

reaches of Beaver Creek revealed the presence of small pebbles. 

Local residents indicate that these small pebbles can be found 

in many a~eas of ~he uppe~ Beaver Creek drainage, bu~ pebbles 

larger than a quarter are conspicuosly lack1ng {Tim Jones, 

personal commun1ca:.1on 198-l). 

• 
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IV. ARCHAEOLOGICAL DATA 

Wallowa Whitman National Forest Artifacts 

Introduction 

The Wallowa Whitman National Forest encompasses nearly 

two million acres within the Blue Mountains of northeast Oregon 

(Fig. 10) . The Forest extends from the Snake River on the east 

to the Elkhorn Mountains on the west and from the Grande Ronde 

River on the north to the Burnt and Malheur River divide on the 

extreme southern edge. The forest is drained by the Grande 

Ronde, Imnaha, North Fork John Day, Burnt, Powder, and Snake 

rivers. All of these rivers support anadramous fish 

populations. The Forest includes the Elkhorn, Wallowa, and 

portions of the Greenhorn Mountains. Elevation ranges from 

less than one thousand feet along the Snake River to over 

10,000 feet ( 3030 meters) in the Eagle Cap \'Vi lderness. The 

forest encompasses many diverse environmental regimes ranging 

from the semi-arid Hells Canyon to open Ponderosa Pine forest 

to spruce and subalpine forest in the upper elevations of the 

glacially carved Elkhorn and Wallowa Mountains. 

Since the mid-1970s, the Wallowa Whitman National Forest 

has conducted numerous cultural resource inventories which has 

resulted in the identification of approximately one thousand 

prehistoric sites (Robert Nisbet, personal communication 
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1983). These sites range from substantial house pit villages 

to small, localized lithic scatters and isolated finds. The 

temporally diagnostic artifacts collected from these sites 

suggests that aboriginal use of the eastern portion of the Blue 

Mountains occurred possibly as early as 10,000 BP and lasted 

until historic times (Nisbet 1982). 

Sample Selection 

The analyzed artifact sampl e from the Wallowa Whitman 

National Forest includes 134 obsidian proJect:le points and 

projectile point fragments (Tables 6, 7). Nearly all are from 

surface c o llected contexts and all are treated as such. These 

an:.ifacts are compared with regional typolog1e s from the 

Columbia Plateau and Great Basin and with diagnostic 

proJect: le po1nts from archaeolog1cal s1 tes :.n the adJacent 

reg1on where stratigraphic and radiocarbon dates are 

available. Also included in the artifact sample are several 

b1.:aces, scrapers, u nifaces, and an awl. 

Large Stemmed Lonceo/ate ProJectile Points 

Th1~ =ategory cons1sts of large, shouldered lanceolate 

proJ ecti. le points Wl th stt aight to convex bases ( F::g. 11) . Two 

poin~s exhibit l:mited basal and stem gr1nd~ng presumably ~o 

faci_i~ate hafting. 
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• COrtex: 
1. Present 
2. Abaent 

b Orl.IJll\&l ObJect: 
1. 11&Jte 
2. CObl)le 
3. lndaterau>ata 

c con~huon: 
1. Coep1e ta 

cf ;;an~=1::!uon: 
1. Bl.-convex 
2. Plano-convex 
l. ouaond-ah&ped 
4. ln4ete~te 

• Bl.facul !lakl.nq: 
l. One111&r91t1 
2 • &ot.h lll&r91n. 
J. lndeteral.Date 
4. 140ne 

f Un1fac1a1 fl&kl.DIJ I 
1. One o.&rql.n 
2. &ot.h a.&rql.ns 
3. hot apphcable 
4. Indeter.4nate 

9 Bre&kaqe: 
1. End shock fracture 
2. Pervarae fracture 
3. transverse fracture 
4. End shock and perverse fracture 
5. End shock and transverse fracture 
6. Perverse and transverse fracture 
1: lndet&ralnate 
a. None 

h Pressure tlakl.niJ • 
0. None 
l. Very requ.laz parallel 
2. Lese reqular parallel 
3. Ouqon&l parallel 
4. COllateral 
s. Double cll.aqon&l or chevron 
&. Rando• 

~ Base : 
1. Struqht 
2. COncave 
3. COnvex 
4 . Stru9ht and notched 
5. Concave and no:ehed 
6. Convu and notched 
1. Indetetal.nate 
8. Not appl1c&D4e 

} /W.rq1nS I 
1. lncurva te 
2. Excurvate 
3. Str&19ht 
4. IndeteralnAte 

k Stuo: 
l. txpand1n9 
2. Contract1::t; 
l. Stra19ht 
4 . Indetera1na te 
S. Not appl1cable 
Serrauon: 
0. None 
1. One aarq1n 
2. Both aarQ1nS 

m tnv1ronment. ~hese &re very qeneral1zed deacr.c~1ons o! t~e s1te env1ro~er. t and ~re 
adapted ~ =om •vall&ble ~~!orm.c~on conta1nea Wltn.n a1~• teco~as c~ ~n• Wallowa W·!~n 
Nat1ona: roreat. 

n 

1. Meadow 
la. Dey H&dow 
2. SprU~q 

3. Slope 
4. Stream or r1par1a n zone 
5. Rl.d9e 
&. ~ver. Th1s qenerally tncludes ~hose r1vers anc streaas w1t~ access to anacra:cus 

flsh runs. 
7. Glac1a l l ake 
Source Aaa1qnmen~ : 

801 Drewsey 
802 Shu=vay Ranch 
803 Coyot_.luc~rd 

80~ Petroqlypha 
80S Creqory Creek 
806 
807 
BOB 
809 
810 
312 
813 

Seneca-Y.ass ~unea~n 
OWyh .. ;.. 
Owynee a 
TUI.ber Bucce 
Re'(nO!:U :reek 
:"d1.an .C!eeK 
£bel! :reeK 

Ln~cates acceoted source ass1qna•nt 
.r.d~catea •e )ected aource aSS1Q~ent 
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TABL£ 6 (continued) 
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Fig. 11. Large stemmed lanceolate projectile points 
(a-c) and large lanceolate projectile point fragments (d-g). 
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Pressu.re flaking on these three projectile points consist 

of parallel t o very regular parallel. Many of the flake scars 

on the first specimen (Fig. 11a) extend well beyond the medial 

axis and in some cases almost to the opposite margin. 

Morphologically, this projectile point shares similarities 

with projectile points from the Windust ( 10 ,000 to 8000 BP) and 

Cascade ( 8000 to 5000 BP) phases on the Lower Snake River 

(Leonhardy and Rice 1970; Rice 1972). It may be that this 

artifact represents someth1ng of a transit1on between the two 

phases in this portion of the Blue Mountains. Since the 

probabli li ty estimate for the Owyhee A source assignment of . 62 

was rejected, the geologic source for this artifact is 

considered unknown at this time. 

The second proJectile po1nt ( F1g. llc) appears to have 

been manufactured from a large flake. Stylistically, t~is 

art1fact 1s very similar to shouldered lanceolate proJectile 

points illustrated by Rice (1972: Fig. 4) from W1ndust Phase 

assemblages on the lower Snake R1ver. This point was 

acceptably correlated with the Indian Creek source area. ~he 

last specimen (Fig. llb) was correlated at acceptable 

probability est1mates w1 th the Gregory Creek source west of 

Vale, Oregon. 

Large Lanceolate Pro,ectile Point Fragments 

Th1s cat.egory c01sists of six large la::ceolate projectile 

point fragments. Bicon?ex in cross section w~th c onv ex 
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margins, most exhibit well controlled pressure flaking. Four 

of these artifacts (Fig . lld) exhibit flake scars which extend 

well beyond the medial axis. Of the t wo point fragments with 

remaining basal elements, basal grinding is prominent on one 

(Fig . llg), while the o t her (Fig. 11£) is only slightly ground 

on the base. 

Because the sample consists entirely of fragments with 

generally undistinctive bases, it is difficult to place them 

within any discrete chronological unit. Sim~larly well 

controlled d i agonal parallel pressure flaking is exhibited on 

one specimen from the Pilcher Creek site recovered in 

pre- Mazama ash deposits (Brauner, Satler, and Havervcroft 

1983:Fig. 7c). In the Northern Great Basin, Fagan (1974:27) 

repo:-ts lanceola te points which appear to be similar in 

morphology, thickness and pressure flaking. Similarly, these 

po1nts exhibit "evenly spaced flake scars" which often meet on 

the medial a xis or carry past ~ t. Basal grinding is eviden~ on 

several specimens (Fagan 197 4: 26- 29) . These artifacts are 

assoc1 a ted with Fagan's Period IV dat:.ng between 7000 and 

11,000 BP (Fagan 1974: 105). 

Five of the s1x i terns 1n this group were correlated at 

ac::eptab:e probab:.lit:..es; fou:- ~o Ind :a:1 Cr eek and o~e -:o 

Shu:m;ay Ranch. 
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Large Square Shouldered Projectile Points 

This category consists of six large, square shouldered 

projectile point fragments (Fig. 12). The shoulders on these 

points are small and square, though two specimens (Fig . 12b) 

have slight "tangs " on the shoulders. 

The first specimen (Fig. 12e) appears roughly similar to 

some of the la::-ge side- notched points from both the Great Basin 

and the Columbia Plateau. Similar points have been found at 

the Nightfire Island site in contexts dating between 5000 and 

3350 BP (Hughes 1983: E'ig. 5 - 11k) and at the Ksunku site at 

Kettle Falls on the Columbia River in contexts dated between 

6500 and 6000 SP (Chance and Chance 1972:Fig. 59g, 151). Low 

P(X/G) values for this spec~men ~ndicate that 1~ belongs ~o a 

source outside of the sampling universe. 

The remain~ng points in th1s group exhib1t squared 

shoulders wit~ straight to slighlty contracting stems. Their 

inferred large finished size suggest a relationshlp w~th the 

Gatec:iff Ser:es found in the Great Basin dating between ca. 

5000 and 3300 EP (Thomas 1981: 22) . Two of these specimens •,.tere 

acceptably correlated with the Indian Creek zou::ce area, one 

12c) wi~h the Seneca - Glass Mounta1n, and one wi~h the 

O·,.;yhee A source. 
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Fig. 12. Large square shouldered projectile points 
(a-e) and shouldered lanceolate projectile points with 
concave bases (f,g). 
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Shouldered Lanceolate Points with Concave Bases 

This category consists of two basal fragments of 

shouldered lanceolate projectile points with concave bases 

(Fig. 12f, g) . These have small well defined shoulders with 

straight to expanding stems. Gr~nding of the stem edges or 

bases was not observed. Stylistically, these projectile 

points are similar to Windust phase points and fall well within 

the measured ranges for artifact width, stem width and stem 

length of Windust points found ~n the lower Snake River canyon. 

Many of the Windust specimens also lacked pronounced stem 

grinding (Rice 1972:42). Morphologically similar projectile 

points were recovered below Mazama Ash at Fort Rock Cave in 

strat~graphic units believed to date between 8000 and 11,000 BP 

(Bedwell 1973:82,141). Both of these specimens were 

acceptably correlated with the Indian Creek source . 

Lanceolate Projectile Points with Concave Bases 

This group cons~sts of three lanceolate point =ragments 

with concave bases. Stylist~cally, these specimens (Fig. 

13a- c) are similar to Humboldt Concave Base projectile po~~ts 

found in the Great Basin. As a ser1es, t:he Humboldt points span 

a relatively long per~od of prehistory from ca. 5000 to 1300 BP 

( Heiz.er and Hest:er 1978: 155- l 57) . Closer to the st:\ldy a:-ea, 

Sap~:ngton (1978:96, Fig~.25, 28) 1ecorded Humboldt project~le 

po.:!1ts in both the upper and lower components of. the Lydle 
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Fig. 13 . Lanccolate ooints w1th conca~e bnses (a-c); 
srn 11 l~~c~ola~c po~nts (d:c) ; and small nroad- scemrned 
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Gulch site .dating their use in the Boise, Idaho area between 

3800 and 800 BP. Similar obsidian Humboldt points were 

recovered from the Stockhoff site in components dating between 

3800 and 1700 BP (McPherson and others 1981:240, Fig.76). One 

specimen (Fig. 13b) was correlated with the Seneca-Glass 

Mountain source area while the Indian Creek source was 

indicated to be the raw material source for the other item 

(Fig. 13c). A correlation for one i tern (Fig. 13a) to the 

Owyhee A source was rejected. 

Small Lanceolate Projectile points 

This category consists of two small lanceolate projectile 

points and one small lanceolate projectile point fragment. The 

first specimen (Fig. 13d) has been manufactured from a thick 

flake and has been pressure flaked on one surface only. This 

artifact, correlated with the Shumway Ranch source/ falls well 

within the range of the Cascade point type dated between 8000 

and 5000 BP (Leonhardy and Rice 1970). Morphologically similar 

artifacts were found in stratum 3 (ca. 6100 BP) at the 

Marshmeadow site and at the Stockhoff Basalt Quarry (Womack 

1977) in contexts dating to approximately 670C BP. 

The second specimen (Fig. 13e) has been manufactured from 

a thin flake and shows no evidence of grinding on its sauared . -
base. Based on morphology, length, width and thickness, this 

projectile point is very similar to Windust phase projectile 

points found at Windust Cave in southeast Washington where the 
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component has been radiometrically dated between 10,000 and 

8000 BP _(Leonhardy and Rice 1970; Rice 1972:Fig. 13a- c). An 

acceptable correlation with the Indian Creek source was made 

for this specimen. 

Small Broad-Stemmed Projectile Points 

This group cons~sts of two projectile points with broad 

triangular blades and short, broad stems (Fig. 13f , g). 

The f~rst spec~men (Fig. 13f) has a slightly concave base 

and exhibits no stem or basal grinding. :'his specimen is 

roughly cc:-:lparable to Gatecliff points found in the Great Basin 

dating be~ween 5000 and 3300 BP (Thomas 1981:22). Th1s 1tem 

was correlated with ~he Indian Creek source. The second point 

(Fig. 13g) is similar ~o proJectile po~nts !rom Windust phase 

components on the lo....-er Snake River {R::!.ce 1972: 56) and ~o 

specimens from a pos:.ulated early compone:1t (::a. 11,000 to 7000 

BP) at a spri:1g si~e 1n southeast Oregon {?agan 197~:97, Fig. 

15, Table :s}. Th1 s artl fact could no-c be accep~ably correlated 

to one of t~e sources Jsed in the analys1 s. 

Side-Notched ProJectile Points 

7his group o! ar:.~:ac~s cons1sts of ~:!:~en side-notc~ed 

pro j ectil!:: pc:.r.t s ( ?:g. :~ ). 
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The first two items (Fig. 14a, b) are significantly larger 

than the remaining projectile points and are similar to the 

Cold Springs and Northern Side-Notched projectile point types. 

On the southern Columbia Plateau, these large 

side-notched points have been used to distinguish the late 

Cascade from the early Cascade phase. While the large 

lanceolate and hi-pointed forms are found in the early part of 

the phase, the large side-notched projectile points have been 

almost exclusively limited to the latter portion of the phase 

dating between 6700 and 5000 BP (Leonhardy and Rice 1970:11). 

The Northern side-notched projectile point type dates to as 

late as 2250 BP (Gruhn 1961} and has been found with pit houses 

at Givens Hot Springs dating between 4000 and 2400 BP (Green 

1982). It thus appears that the large side-notched points 

found in northeast Oregon may have a relatively long period of 

use dating to as early as 6000 BP and lasting until possibly 

2400 BP. One artifact was correlated with the Indian Creek 

source while Shumway Ranch was indicated as the source of raw 

material for the other point. 

Side-notched points smaller than the first two specimens 

are generally correlated to later assemblages in both the 

southern Plateau and Great Basin. Stylistically similar 

points generally occur after about AD 1300 along the lower 

Snake River (Leo~hardy and Rice 1970:20). One specimen (Fig. 

14c) is nearly identical to an obsidian specimen found at the 

Marshmeadow site and da~ing sometime after 590 BP (McPherson 

and other-s 1981:622, Fig. :!.73b). 
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The la_pt two specimens (Fig. 14i, j) fall well within the 

range of the Desert side-notched series. The Desert 

side-notched series are well dated in the Great Basin where 

they span the period from about 900 BP to historic times 

(Heizer and Hester 1978:163-165, Fig. 6, 7). Support for their 

late occurence is documented by by their association with 

domestic cow bones at Hanging Rock Shelter in northwestern 

Nevada (Heizer and Hester 1978:163-165). 

The analysis indicates that of the thirteen smaller 

side-notched points, six were manufactured from Indian Creek 

obsidian. Two items were correlated with the Gregory Creek 

source, two to Timber Butte, and one artifact was correlated 

with the Shumway Ranch source. Unacceptable probability 

estimates resulted in rejecting assignments of two i terns to the 

Coyote-Buckboard source and one i tern to the Seneca-Glass 

Mountain source. 

Corner-Notched Points with Notched Bases 

This class consists of six corner-notched points with 

notched bases (Fig. 15e-h). One i tern (Fig. 15b) has been 

manufactured from a flake. Pressure flaking is rar.dom on all 

but one specimen. Stylistically these projectile points are 

similar to artifacts referred to as Pinto points by Heizer and 

Hester (1978:157-159, Fig. 6.3) and as Gatecliff Split Stem 

points by Thomas ( 1981:22). 7he Gatecliff Series da-:es bet·w-een 

approximately 5000 and 3300 E? (Thomas 1981:22). T·wo of these 

·---------~---...... ----------------··--· 
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i terns found in surface contexts at the Indian Creek source were 

acceptably correlated to that source. One point from the 

northern end of the Forest was also correlated to Indian Creek. 

Acceptable correlations with the Gregory Creek and Shumway 

Ranch sources were made for two i terns from the Burnt River 

Basin while one item (Fig. lSb) was indicated as having nearly 

equal probabilities for either the Drewsey or Seneca - Glass 

Mountain sources. In the last case, the slightly h1gher 

probability obtained for the Drewsey source was rejected. The 

geologic source for this artifact is unknown at this time. 

Large Triangular and Stemmed Projectile Points 

This category cons1sts of five large triangular and 

stemmed project1le points and point fragments (Fig. lSe - h). 

Though three of the five are incomplete, they appear to have 

had finished lengths ranging between approximately 38 and 45 

mm. Generally having quite broad arti!"act:s widths (< 25mm) , 

the marg1ns of these artifacts are charac1:eristically sl1ghtly 

convex. The shoulders are qu1 t:e prominent: and range f!"om 

straight to more basally notched specimens with basal tangs 

(Fig. lSg, h). Technolog1cally, most spe:::1mens appear to have 

been ma~ufactu!"ed from large flakes. Very li t::le ef ::o!"t 

appears to have been extended in pressure flaking of these 

po1nts. Flake scars are qu1te oroad and short suggesting that 

r.t;my of these were .::.:-.:.shed by di1ect per::'...lssior. · ... ·1~h a soft 

hammer. 

• 
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Stylistically similar points have been recovered in 

Harder phase components on the Lower Snake River and date 

between 2500 and 700 BP (Leonhardy and Rice 1970:17). 

Acceptable correlations were made for the Indian Creek 

(two specimens), Shumway Ranch (one specimen), and Owyhee A 

(one specimen) sources. One item from the Imnaha River Basin 

had near equal probabilities as being derived from the Indian 

Creek or Coyote-Buckboard sources. Its geologic source 

remains unknown. 

Corner-Notched Projectile Points 

Of all temporally diagnostic artifacts used in this 

study, this sample is the best represented and consists of 33 

specimens (Fig. 16, 17 a-d). Generally there are two sub-groups 

in this category; those with straight bases and those with 

concave bases. Typologically, these specimens are similar to 

the Elko Series. In general, the Elko Series is 

morphologically divided into two types: the Elko 

Corner-notched and the Elko Eared varieties. Elko Eared points 

differ from the Elko Corner-notched points in that the eared 

points have markedly concave bases and display prominent basal 

"tangs." For purposes of dating, both the Elko Corner-notched 

and the Elko Eared specimens are essentially contemporaneous 

(Heizer and Hester 1978: 159; Thomas 1981) 

It appears the Elko points appeared earlier :n the eastern 

Great Basin than in the central or western Basin (Thomas 

j;i~ ........................................................ . 
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1981:32 - 33; A1kens 1970:51). Early dates (ca. 7000 BP) have 

also been reported for the occurence of Elko points in the Fort 

Rock Basin of Oregon (Bedwell 1970). 

Corner-notched points appear only rarely in the lower 

component of the Lydle Gulch site (4000-2000 BP}, whereas in 

the upper component ( 2000- 800 BP} they comprise over 60% of the 

projectile point assemblage ( Sapp1 ngton 1981: 86 - 92) . Here, 

the Elko series may have developed into the Rosega~e series. 

At Givens Hot Springs in southwest Idaho, the Elko Ser1es is 

dated by association with pithouses between 2400 and 1100 BP 

(Green 1982). Similar projectile points recovered at ~he 

Marshmeadow site date between 3400 and 690 BP (McPherson and 

others 1981:622). 

The Elko Series 1s 1mportant because 1t is believed to 

represent the trans1tion from the atlatl to the bow and ar~ow 

(Heizer and Hester 1978:163}. Thomas (1981:32) suggests ~hat 

while some Elko points may have continued in use after AD SCO, 

such use was limited to cura~ion of older artifacts. By this 

time they had largely been replaced by the Rosegate Ser1es. 

Based on the availahle evidence, it seems reasonable to in:er 

that the Elko Series sample here dates bet•,;een roughly 3400 ar:d 

BOO SP . 

Acceptable correlations for 29 of the 33 p~oject: l.e 

points 1 n this category were made. Of these 29 ar:-.i fact.s, 

accep~able correlat1ons inc!ude Ir.d1an Creek (N=l-1-, .;eo~), 

':'imber Butte (N=S, :7~~), Q·,;i'hee B p:=3, 10°~), v...,.yh~~ A (.J=l, 
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3%), Seneca- Glass Mountain ( N=l, 3%), Gregory Creek ( N=l, 3%), 

Coyote- Buckboard ( N=2, 7%), and Shumway Ranch ( N=l, 3%) . 

Large Corner Notched Projectile Points 

This 

specimens 

comparison 

group 

and 

Wlth 

of artifacts consists of five partial 

one complete specimen (Fig. 17e- j). In 

the previously described corner- notched 

points, these have been subdivided into a second category on 

the basis of their much larger s1ze. The three partial 

specimens are fractu::-ed transversal! y near the m1d- section and 

would appear to have had comple~ed lengths ranging between 40 

and 50 mm. Blade marg1ns are stra1ght to slightly excurvate, 

while the bases vary from slightly concave to slight:ly convex. 

Typologically, these points fall well vd thin the range of 

the Elko Corner-notched projectile points found in the Great 

Basin (Heizer and Hester 1978; Holmer 1978). 

Acceptable probability estimates indicated -:he ~se of 

Indian Creek (N=2), Gregory Creek (N=l), and Owyhee A (N=l) 

obsidian for the manufacture of these points. 

S1de to Corner-nocched Projectile Points 

This category consists of twelve projectile points and 

point fragmen:s {Fig. l7k- o). These point:s are, 1n general, 

roughly s1milar to some of ~he side-notched and some of the 

corner- notched poH\ts. ':'he maJor cr1 terion for pl ac1 ncJ thPm in 
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a separate category is the positioning of the notching; 

artifacts in this group tend to be notched lower than the 

side-notched points and slightly higher than the 

corner-notched specimens. 

Within the Lower Snake River region, similar specimens 

J have been recovered in Tucannon phase contexts. While a 
; 

' terminal date of ca. 2500 BP has been established for the 

phase, its inception is estimated at ca. 4500 BP (Brauner 

.J 
1976:295-311). Additionaly, the observation that the lithic 

technology of the Tucannon phase "seems crude and 

l impoverished" ( Leonhardy and Rice 1970: 11-14) is one that fits 

many of the specimens in thi!3 group. Several exhibit very 

thick cross-sections and 33% have stacked step fractures. 

Whether or not this indicates an unfarniliari ty with raw 

material or their possible use as expediency tools as suggested 

by Binford ( 1979) is not known. 

Six of the ten i terns in this group were acceptably 

correlated with one of the groups used in the analysis. Of 

these six, four were correlated to Indian Creek Creek, cne to 

Ebell Creek, and one to Gregory Creek source. Matches to 

Indian Creek (N=1), Owyhee A (N-1), and Coyote-Buckboard (N=l) f " ! -

were rejected on the basis of the obtained probability 

estimates. In three of the four rejected cases, low values of 

P(G/X) indicated that these items may be from source groups 

other than those considered here. 

L 2 St!M 21 til& SSt !£ SUI 
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Small Stemmed and Basal-Notched Projectile Points 

Th1s group consists of eighteen small, stemmed and 

basal - notched points (Fig. 18). Most specimens are triangular 

shaped with straight to slightly convex margins. The sterns of 

these points are generally quite narrow and stra~ght though in 

some of the larger specimens the stems are somewhat broader and 

slightly contracting. 

Stylistically similar points are placed with~n the 

Rosegate Series in the Great Basin. As a series, the Rosegate 

spec:rnens date between AD 700 and AD 1300 (Thomas 1981:19- 20). 

Heizer and Hester (1978:162, Table 6 . 4) suggest that these 

specimens experienced a fluorescence o f use between AD 600 and 

AD 1000 wit~ a cont1nued use into h1storic times. In the lower 

Snake River region, these po1nts are generally fou~d in late 

pre~:s~cr:c contexts dat~ng between 2000 BP to historic tlmes 

(Leo~hardy and Rice 1970:14-20). Dates for similar po1n~s 1n 

late preh1stor1c contexts has also been repor~ed fro~ 

sou~r.west :daho where Rosegate spec1mens date to ca. 1100 SP 

(Boa~ :98~:24; Sappington 1981:74, F:g. 27n ). 

:'hese dates are supported by data =rom the Marshmeadow and 

Lade :a~ yon s:. tes .. ,r..ich place ~neA. r occurence in :1.cr~::eaz:: 

Oregon so~et1rne after 1000 BP (McPhersor. and others 198::622, 

F ~ g s. ! 7.; , 1 9 6 , 2 0 3 , Table 2 4 ) . 

:'~:::.r-:ee~ (72~~) of the e:ghteen nrtlfacts u:. thls ca~egcry 

were aceg~ately ccr:-elatP :i 1.:i ~h sc'-lrce grcups :::.:1clu:ieci : .• ;:L-=: 

r\nalysls. Indicated Gource g•·oup:: us-::d !'ot- the mam.:fact•..:re c: 
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Rosegate points include Indian Creek ( N=8 1 62%) 1 Timbe r Butte 

(N=2 1 15%) 1 Coyote - Buckboard (N=l, 8%), and Senec a-Glass 

Mountain (N=l, 8%). Rejected correlations include t hose made 

to Indian Creek (N=l), Drews ey (N=2), Seneca-Glass Mountain 

(N=l) 1 and Coyote-Buckboard (N=l). 

Other Flaked Obsidian Artifacts 

Several other f l aked obsi d ian a r t1 !ac t s are i n cluded i n 

the analyzed s ample a n d the c lass1fica't1 o n results wi l l b e 

briefly summarized. Th is samp le inc l udes 8 non-diagnosti c 

projectile point fragments, 1 f lake awl, 4 end s cra pers, 2 

unifaces, and 7 biface fragmen t s (Table 7 ). 

Seven o f the eigh~ a n alyzed proJ e c ti l e po1nt frag~ents 

were acceptably co r re lated to one of 'th e s ources used i n t h e 

analys1s. Four were correlated to Indi an Creek , and one eac h 

to Greg ory Cre ek, Shu mway Ranch, a nd Timber Butte. 

Five o f t he s e ven bifaces were acceptably correlate d ~o 

one of t h e source s u sed i n the analysis. Some wl:a1: 

surpr: s ingly, none of the bi faces ;:ere a5s l gr.ed to o::e o f ::he 

local s o u r ces. However, none of the bi!aces come from s1 t es 

·fl:..::hin t he s t udy area. As the Indian Creek and Ebel:. C::-eek 

sources are genetally located over ~ from 1:he s:tes 1n 

which the bi faces were reco\·ered, 1 t ;-;:ay !:>e the b1 faces 

::·epresent " cur a ted" tools ( Bi !1fo rd 1979) t~at were transported 

from the ir or1ginal sources from the sou~h and southeast. The 

1nd1cated sources for the manufacture c!" the b: ~aces c;re 



TABLE 7 

Fltk&d obs1d1tn artlfiCtl f~ the Wallowa Wh1tmln Htt1ontl Forest 
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4-48·12·1 
9·35'~· 27·1 
9·36-35·1 
10-39-7-3 
11-40-27-2 

Sheep 4 
Sheep 7 

4-48-28·1 
10-37-29·8 

9-35ls·3'·1 
10·3~·26·1 
10·35'1·28-2 
10· 35-34-1 
10-35-36-2 
1-Ael1a I 
Arne lfa 11 

10·35!,-26·1 
10-351,-28· 2 

c • 
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~.i 
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3SBA281 
35BA284 

3SBA186 
35BA190 
3SBA286 
3SBA294 

35\IAB 
Sheeo 3 35BA280 

Sheeo 5 3SBA2S2 

4 Source Ass 1gnment : 
801 Drewsey 
802 Shumway Ranc~ 
803 Coyott-BuckDoaro 
804 Petroglyohs 
805 Gregory Creek 

0 
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c 
0 ... .... 

V'.. ... ...... -..... ... ... 
<(IX 

4-44-36 
4-40-1::'-1 
9-35,·27- l.l 
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15-37 ·5 
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4-48-28-1 
10-37· 29-8 

Morpho· liSt Cl tt9ory 

ProJec::le po1nt fragment 

Un1 face 

9 · 35~·34-1 81face fragMent 
10-35'1-26-l 
10·35~·23·< 
10-35-3t.- l 
10-35- j6-2 
;..":"ti ta 1. !: . ~ 
A"1t11 a 11 

10-35,-26- l.: Ena scraoer 
:j-35 ,-28-Z • . 
;:!!AS.! 
Sreeo 3 1 t.: 

Sneeo 5 'iake •wi 

a06 Seneca-Glass Hounta1n 
807 Owynee A 
808 Owyntt 8 
309 T1mcer Butte 
a1o Reynolos Creek 
812 Incsan Crtt• 
81J Ebt 1 Cree~ 
• lnojca tes accepted sourct I$S 19nrre•; 
- lnd1cates reJected sour:e as~1gn~t~; 

• ... 
i ... i ; - .. E- ._ "' 

li e ... 01 ... 
- ""' - c - .. .c c .. .c oM 
01 .. v 
c , -
.. - .c .... :a .... 

:3 14 s 
31 so 6 
20 15 ' 
17 13 3 
31 27 6 
33 25 6 
35 20 6 
33 22 5 
31 20 s 

.. 
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~ .. 
:a 
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~ 
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L4 · 
4.0 813-
1.0 802· 

.7 812 • 
4 9 80S• 
5.9 812 · 
4.0 812 · 
3.3 812 · 
3.0 809· 

23 10 2 .7 803· 
17 13 4 1.5 812-

. 805+ 
59 30 6 3.0 806· 
2s ze a 7.a 813· 
23 21 5 2.7 803• 
22 23 7 5.0 80'• 
31 25 - ~.i 803-
le 40 12 18.9 801 · 

30 25 4 4 , ) 812• 
J8 34 7 :c.< 806· 
27 26 s ~.9 805· 
30 Z7 6 S.3 812 • 

Zi 18 4 2.4 81Z-
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Coyote - Buckboard (N=l), Gregory Creek (N=l), Seneca-Glass 

Mountain (N=l), Petroglyphs (N=1), and Drewsey (N=l). 

Of the four obsidian end scrapers included in the 

analysis, two were correlated to Indian Creek and one each to 

the Gregory Creek and Seneca-Glass Mount:a~n sources . One 

uniface was correlated to the Coyote - Buckboard source, while 

the other assignment to Indian Creek was rejected. The flake 

awl could not be corre:.ated to one of the sources at: an 

acceptable probability. 

Summary 

Of the 149 artifact:s 1ncluded 1n the Wallowa \fui tman 

sample, 115 ( 77~~ ) are acceptably correlated to one of the 

sources included in the analysis. Of the acceptably correlated 

1tems, the following sources and their frequency 0£ use are as 

follows: Indian Creek (54°~) I Gregory Creek ( 10%) 1 Seneca - Glass 

Mount:a1n (9%), Timber Butte (8%), Sh~~way Ranch (5%), 

Coyote- Buckboard (5%), Owyhee A (3%}, Owyhee B (3% }, Ebell 

Creek ( :. ~~), Petroglyphs ( 1%), and Drewsey ( 1 o~) . 

Viewed from a geographic perspective, t:he Wallowa Whitman 

data are sugges~ive 0f a re la~icnship bet~een d~stance from 

sou_ ce and frequency of use. ProJect::..le pc:.nts from si ~es 

located within the study area are ovelwhelmlngly manufactured 

f!.·om the local India~ C:!:eek mater1al. E:eve:1 of the 1..., 

proJectile points from s~tes located wit~1n n1ne miles {15 km) 
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of a source of Indian Creek obsid1an are manufactured of raw 

mater1al from that source. 

On the other hand, analysis of 24 projectile points from 

over 30 miles (50 km ) to the north and northeast indicate a 

slightly different source - use pattern. While Indian Creek 

still is the most frequently used (N=lO, 41~~), f1ve (21~0 are 

assigned to Timber Butte, three (13%) to Shumway Ranch, two 

(8%) to Owyhee B, and one ( 401) 
-lo each to Ebell Creek, 

Coyote- Buckboard, and Owyhee A. Although the results from the 

sample located near Indian Creek and the sample from over 30 

miles (50 km) to the north are not dramatically dif!"erent, they 

do J.ndicate a trend toward more diversified use of obsidian 

sources as distance increases. Importantly, the norther!'l 

sample contains more items assigned to Timber Butte. Trade or 

travel routes through Hells Canyon may at least partially 

account for the apparent increase in Timber Butte obsidian 1n 

the northern sample. 

MarsTh~eadow (35UN95) 

Introduction 

'!he t-!arshmeadow site is located \:i thl.n the El:..!e :-:ounta1r.s 

of northeast Oregon appro>amately t:en m1les ( 16 km) south of 

LaCrande, Oregon (Fig. 19). Physl.ographJ..cally, the s::.te J.s 

s1. :.uated on an up! and spur of Columb1a R::. ver Basalt which 

d1v1des two graben valleys, the Grande Ronde ·1alley to t!:e 
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north drained by the Grande Ronde River and the Baker Valley to 

the south drained by the Powder River. Both rivers are 

tributaries of the Snake River. The Marshmeadow site lies at 

the base of a northeast sloping hillside overlooking a large 

camas meadow (McPherson and others 1981: 350). Less than a 

mile (1.6 km) northwest of the site is the Stockhoff Basal~ 

Quarry (35UN52) well known for its association with the the 

Cascade phase (Womack 1977). It is not surprising then, tha~ 

most of the toolstone used by the occupants of the Marshmeadow 

site originated at the Stockhoff Quarry. 

Excavation at the Marshmeadow site was concentrated near 

the base of the northeast sloping hillside in a zone ex~ending 

from a small ephemeral stream to a point where basal colluvial 

rocks contact the surface of the marshy camas meadow. W:-:i le 30 

2 x 2 meter units were excavated within three zones at the site, 

27 of these were located in the area just mentioned. Eigh-t 

culture bearing strata were encountered in ~his zone 

(McPherson and others 1981: 355}. 

Based on the presence of Mazama Ash, radiocarbo~-dated 

charcoal, and typological comparisons of artifacts, seve!l. 

occupation zones representing three occupa~ion periods ~ere 

recognized. Occupa':ion zones were correlated ·...:i :::: ~at:.;ra:. 

stratigraphy, while the occupation periods were def::.neC. by 

"observed similarities in the total artifact: asserr..blage, with 

major emphasis placed upon the concurrer.t ccc~rre!l.ce of 

projectile point styles as well as sirr:ilar li ':hie 

technologies" (McPherson and others 1981: 622}. 
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The earliest occupation period (Occupation Period I) 

began immediately after the deposition of Mazama Ash ca. 6700 

BP and lasted until sometime after 6100 BP. During this period 

the site was occupied on a seasonal basis by peoples culturally 

affiliated with the Colurr~ia Plateau. Based on the types of 

tools recovered and lithic use-wear studies, it appears that 

the Period I occupants of the site depended to a significant 

degree upon large game animals. T~e lithic technology at the 

site during this initial period of occupation contains 

11 indications of a Levallois-like reduction technology" 

(McPherson and o~~ers 1981:623) an~ is centered on the use of 

the local Stockhoff Basalt. Like its occurrence throughout the 

site's occupational history, obsidian debitage constitutes 

less ~~an 1% of ~he raw material types. Obsidian tools were 

found even less frequently. 

After this initial occupatio~ cf the site, there is an 

apparent occupational hiatus which ~ay have lasted as long as 

two thousand years. Sometime after 4-GOO BP and before 3400 BP, 

the site was re-occupied by people wi~~ an entirely new tool 

kit and affected to a sig::.i fica:-~-: degree by Great Basin 

influences. Many of these tools appear to have been rapidly 

:;:;reduced, used c::l y for a .,....t::._ ....... ,...: 
l""-- .... ....,"""'1 and then discarded. 

~nique to Occupation Period •• are the occurrence of 

elaborately incised stones ind:.-:a1::.·.re of Great Basin influence 

(McPherson and others 1981:555-555}. 

During the second occupat:on period (Occupation Period 

II), and con'tinu1ng well in'to the !-.:s~:;ric period, the site was 
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utilized as a hunting base camp and lithic manufacturing 

station. Charred camas bulbs in association with stone 

features interpreted as camas ovens indicates that root crops 

may have become an important food item toward the end of this 

period ca. 650 BP. This increasing reliance upon plant foods 

continued unti 1 about 100 BP when the site was abandoned 

(McPherson and others 1981:627- 628) . Obsidian debitage during 

this period never exceeds 2% of the raw material types u-cilized 

at the site. 

During the first two occ~pation periods, proJectile 

points were manufactured "primarily from basalt obtained at 

the Stockhoff Quarry" (HcPherson and others 1981:627). 

However, in the succeeding Occupation Period III, pro~ectile 

points are manufac-cured primarily from obsid:l an. r:.=-ter o90 BP, 

small notched and stemmed points were introduced to t~e site 

(McPherson and others 1981: 527). 

Sample Selection, Temporal Considerations, 
and Results of Analysis 

A total of 128 pieces of obsidian deb1.-.:age and 35 obsl.dl an 

tools were s elec -ceci for x-ray fluorescer.:::e ana_;•sis. I had 

or1g1nally selected and pla:-:ned to analyze a larger .sa::-.p:e, but 

because a correlation of stratigraphic units 1:0 excavatl.on 

levels was unavailable, I selected only those 1 ~ems from 

excavation levels wh1ch could reasonably be correla-ceci Wl.~h a 

par-cicular stratu~ ~~ s ~~a~a. In this ap~rcach, ~~e ;0al was 
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to obtain a large enough sample from temporally discrete units 

which would allow the aboriginal use of obsidian sources at 

Marshrneadow to be studied from a diachronic perspective. 

Obsidian debitage and tools from all temporal units were 

analyzed. Overall though, the sample is more heavily derived 

from Occupation Period II (Table 11). The obsidian projectile 

points recovered during this period include lanceolate, 

side-notched, corner-no~ched, and small stemmed forms (Table 

8, Fig. 20). 

Occupation Period I (6700-11000 BP) 

A to~al of 121 pieces of obsidi an deb1 tage and a re - worked 

obsidian lanceolate proJectile point were recovered from 

Occupation Period I. From th1s sample, 18 flakes ( 15%) and the 

lanceolate project1le point ·we re selected for analysi s (Tables 

9,10). Of these, six !lakes (33~) and the projec~ile point 

were corre:a~ed ~o cne of the sour=es at accep~able 

probab1lities. 

Only one flake !!:"om ~he early por"::ion of Occupation Period 

I (6700- 62.00 BP) ;.;as acceptably correla~ed ~o one of -:he 

sources used ~~ the analys2s. Th1s ~~em was corre lated to the 

Indian Creek source. E·.rer~ though the •;alues of P(G,X) were 

sufficiently h1gh fo~ acceptanc~ (.77 and .9~). low v~lues of 

P(X/G) sugges":ed that <:he othe:: :: ... o flakes :n1ght more properly 

be class1!ied to groups •)ut.s1de of ~he sampling populat1on. 
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351JIIY5 20fl-5. 1 6,7 
JSIIII'}'j ?.OB-5.2 6,7 
35UU% 20B 5.3 6. 7 
35111195 20B- 11 l 2 ,3 
35llll95 20H- l?. l 2 
351Jfl!J5 209-5.1 6,7 
351lfl% 209-5.2 6.7 
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) -6. 1 G.l 
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J!)IJIII)'j 201J-7.1 !i ,(, 
35111195 711-5. 1 6,7 
35llN95 211 -G. 1 5,6,7 
3511N95 21 1-7. 1 4,5 
351JW)5 212-7. 1 5,6 
35UII95 212-0. I 4,5 
351Jtf95 212-0.2 4,5 
35111195 212- 10.1 3,4 
35UII95 212- 10.2 3,11 
35Utl95 212- 12. 1 2,3 
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11a rshn11"adow oh-; i dian cJch ita qc: 
ill.t ri h Ulf'S and SOtltTe ilS'iiql'liii!'II(S 

----------
"' ..., E 
~ .a 

Q) L.. ..., 
0.. en t:" 

~ Q) 

E 0 ..... QJ c: z 
QJ c u C7> 

_:,! C7> S....·~ Q) 
ttl =>VI ...... 

..- Q) OVI 
lL. 3 V) <l: V) 

2 9.0 303~ 35UN95 
3 .5 307 35UH95 
J .6 012 35111195 
3 1.11 012 35llWJ 5 
3 1.1 3011- 35UU95 
3 .9 813- 35UN95 
7 . 6 oor 35Ufl95 
7 l.!i nn.J- J~llN95 
2 1. 2 nor 35lJN95 
3 .9 8nr 35Utl95 
2 .8 aor 3~Utl95 
2 1.0 007+ 351lt~95 
3 .u HOJ

1 
351JII95 

3 . 7 
RCIH 1 351J1195 

II .6 351HI95 
3 1.0 ll l ?- 3511U95 
1 .9 812- 35UU95 
3 1.2 oor 351Jtl95 
3 .4 812t 35UII95 
3 .4 0 1 2~ 351JII95 
3 1. 2 oor 35UII9~ 
3 1.7 012

1 
351Jt195 

H01 1 
J l. O 35UII95 

"' c: 'II E .Q 
0 ~ 

Q) L. .... 
~ · 0. en c: 
10 ~ Q) 
s.... E E ..., ::3 ..... Q)C 
VI ...... Q) .t= u en 

10 .::.£ c::n s.... ·~ 

C7> s.... ~ :::;) VI 
QJ 0 ..... ..- Q) OV'I 
a:: z V) 1..1... :X Vl <l: 

212-13.1 2 3 .5 012+ 
213-5. 1 7 no r 
2lt1-5.1 6. 7 3 3.0 no7-
214-5.2 6' 7 2 1.3 012-
214-5.3 6' 7 2 1.0 8oo+ 
214-5.4 6,7 5 .8 806-
214-5.5 6,7 3 . 5 BOR ~ 

2111 -5.6 6, 7 3 .5 aoo • 
214-9 . 1 3, 4 2 5.0 8071-
214-9.2 3,4 2 .9 803-
2111-9. 3 3.4 3 2. 1 807-
2Ji1-9.4 3, 4 3 .0 ROJ-
21 11 -10. 1 2,3 3 .9 007 -
21 4-1 0.2 2 ,3 3 .5 003+ 
21 4-11 . 1 2,3 3 2.2 C03~ 
216-5.1 7 2 1.6 807-
216-5.2 7 2 . 7 003-
216-4. I 7,8 1 8 .0 007-
216-3. 1 7,8 5 9.4 (103-
216-3.2 7,0 1 2.5 
216-6. 1 6,7 3 .6 007-
216-6.2 6,7 5 .5 012" I-' 

I-' 
216-7.1 5,6 3 .tl 012• U1 



TABLE 9 (continued) 

V'l V'l 
c: '13 E .Q c 

'13 
E .Q 

0 tO 0 tO 
Q) '- +-> Q) '- ...., 

+-> a. 0"1 c: .... c.. 0"1 c 
10 ~ Q) ., 

~ Q) 

!?. '- E E 0 \... E E 
~ ;:, ..., Q) c z: +-> ;:, ...., Q) c 
V'l +-> Q) J::. u 0"1 \11 +-> Q) J::. u 0"1 

Q) tO ..!><! ~ \...·~ Q) tO ..!><! 0"1 L.•r-
+-> en • \... tO ,_ ;:,V'l +-> 0"1 '- It) ;:,V'l 

Q) 0 ._, ..- Q) OVl ...... Q)O +-> ..- Q) OVl 
Vl ~z Vl u.. ::.=t Vl ex: Vl ~ z: Vl u.. 3 Vl ex: 

35liN95 2H-10.1 3,4 3 .5 812+ 35UU95 219-7.3 5,6 3 1. 0 803-
3Sllll95 217-4.1 6.7 G12- 35lHl95 219-7-'l 5,6 5 1.5 804-
35llll95 217-5.1 6,7 2 1.1 804- 35Utl95 219-8.1 5 1 2.2 804-
3~liN95 217-5.2 6,7 3 1 .0 803+ 35Ut195 219-812 5 5 1.6 U04-
35ll1195 217-5.3 6,7 3 .7 8051- 35UU95 219-8.3 5 5 2.0 U03+ 
35llll95 217-6 .1 5,6 2 2.6 812+ 35UH95 219-10.1 3,4 2 1.3 812+ 
35llrt95 217-6. 2 5 ,6 3 1.3 807- 35UII95 219-10.2 3,4 5 .a 310-
35url95 217-6.3 5.6 1 .9 U04- 35Ufl95 219-1 1 . 1 2,3 2 .8 807+ 
35UU95 217-6.tl 5,6 2 2.0 8031- 35url95 219- 11. 2 2,3 2 .5 SOU-
3~LHJ95 217-10.1 2,1 3 .6 807- 35UN95 220-5.1 6,7 5 .7 812-
3'liJH95 218-8.1 5,6 5 .5 812+ 35UN95 220-5 . 2 6 , 7 5 .5 804-
35tm9s 21~-8.2 5,6 3 .6 812+ 35UII95 220-5.3 6,7 3 .5 E07-
3rll'l% 21:1-9.1 5 3 1.5 812- 35Ut195 220-6. 1 6 3 . 7 U03+ 
35llll95 218-9. 2 5 3 2. 1 H07 - 35UU95 220-6.2 6 2 .4 812-
35Jtl95 218 -1 2 .1 2,3 3 .9 807- 35UII95 220-6.3 6 5 . 7 812+ 
35llfl95 213-13. 1 5 .4 8011- 35UU95 220-8. 1 4,5 3 1.3 804-
35Uil95 219-5.1 6,7 3 .8 807+ 35Utl95 220-3.2 4,5 3 1.5 COil-
35Ufl95 219-5.2 6,7 3 1.11 807- 35UI'I95 220-8.3 4,5 5 .6 803+ 
35lHI95 219-6.1 6 2 1.2 HOJ+ 35UII95 220-9.1 4,5 3 .5 807-
35Ufl95 219-6.2 6 2 l.li r.on+ 35llfl95 220-12.1 2,3 3 . 5 807-
35Uil% 219-6.3 6 5 .5 307+ 35ll1195 220-13. 1 2 4 .4 30'1-
351JII95 219-7.1 5,6 2 . 7 U07+ 35Ufl95 221-10.1 2,3 5 1.3 803-
35Url95 219-7.2 5,6 5 .a 807 - 35Ufl95 222-8. 1 4,5 3 1.4 307- .._. .._. 

0\ 
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35UN95 222-8.2 
35UN95 222-8.3 
35UN95 223-6.1 
35UN95 223-7.1 
35UN95 223-10.1 
35UN95 224-6.1 
35Ur~95 224-6.2 
35UN95 224-6.3 
35UN95 224-6.4 
35llr195 224-6.5 
35UN95 224-6.7 
35Litl95 224-6.8 
35UN95 224-6.9 
35Utl95 224-6.10 
35UN95 224-6.11 
35Ur195 224-7.1 
35Utl95 224-7.2 
35UN95 224-7.3 
35UN95 224-7.4 
35Url95 224-7.5 
35UN95 224-7.6 
35Utl95 224-7.7 
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Ill E 
ttl 

Q) 1-
0. 0'1 

~ .......... 
E 
::l +-' 
+-' Q) ..c ., ~ 0'1 
1- ttl ...... 
+-' ...... OJ 
Vl 1..1... ;3: 

4,5 2 1.0 
4,5 2 .8 
- - -

6,7 2 .6 
3,4 2 .8 
6,7 1 1.3 
6,7 5 1.4 
6,7 5 .5 
6,7 3 .8 
6,7 2 12.4 
6,7 1 1.2 
6,7 2 .5 
6,7 3 .8 
6,7 5 2.0 
6,7 2 2.1 
5,6 6 14.0 
5,6 5 4.5 
5,6 5 2.5 
5,6 1 1.5 
5,6 2 1.0 
5,6 2 .9 
5,6 2 .9 

TABLE g (continued) 

.Q 
+-' 
c 
Q) 

E 
<UC 
u 0'1 
1-·.-
::lVI 
OVI 
Vl<!: 

803-
807-
807-
803-
812+ 
812+ 
807-
803-
803-
807-
812+ 
803-
803+ 
807-
807-
807-
803-
804-
807-
812-
807-
803-

:-,ii~ ' 
\·: 

. 
0 z. 
OJ 
+-' .,... 
1/) 

35UN95 
35UN95 
35LIN95 
35UN95 
35UN95 
35UN95 
35UN95 
35UN95 
35UN95 
35UN95 
35UN95 
35UN95 
35UN95 
35UN95 
35Ut~95 
35tlr195 
351JN95 
35UN95 
35UN95 
35llN95 
35UN95 
35UN95 

VI 
c Ill E .Q 
0 ttl ..... Q) 1- +-' 
+-' 0.. 0'1 c ., 

~ - Q) 
1- E E 
+-' ::l +-' <UC 
VI +-' Q) ..c u 0'1 ...... ., .::.f. 0'1 1-·.-
en • 1- ttl .,... ::lVI 
OJ 0 +-' ...... Q) OVI 

0:: z. 1/) 1..1... 3: Vl<!: 

224-7.8 5,6 5 1.6 803+ 
224-7.9 5,6 3 1.0 807-
224-7.10 5,6 3 .8 803-
224-8. 1 4,5 2 .9 807-
224-8.2 4,5 2 .9 807+ 
224-0.3 4,5 5 1.0 807-
224-8.4 4,5 3 .7 807-
224-9.2 3,4 3 .9 807-
224-9.3 3,4 5 .6 807+ 
224-9.4 3,4 3 1.3 808-
224-9.5 3,4 2 1.5 807+ 
226-6.1 6,7 5 .6 807-
226-8.1 5,6 3 1.2 807+ 
226-12.1 2,3 5 1.4 804-
227-8.1 4,5 2 .6 808-
227-11 . 1 4,5 3 .7 807-
228-5.1 6,7 2 1.8 808+ 
228-7.1 5 5 .7 807+ 
228-8.1 4,5 5 .9 812-
228-11.1 2,3 3 2.0 807-
229-7.1 5,6 5 2. 1 812-
229-7.2 5,6 3 1.2 803-
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TABLE 9 (continued) 

---- ---- -... --- ----- ... - -·- -·----- - -----
c VI VI 

0 '1J E ..Q c E 
10 0 '11 10 . , QJ L ... QJ L 

Cl. en c .. , 0. 0\ .... , ?:> -'2 ... E 
QJ ro ~ , _ ~ , :J 
E 0 L E ... QJ c ::<.: ... :J ... 

Vl ... QJ .c u 0\ VI .... QJ J::. Q) 

• -' 
ro ~ Ol L ·~ QJ 10 .:.! Ol 

0' L "' :J VI .... Ol L 10 
QJ 0 .... ..... QJ OVI QJO .... QJ V l n ' -- V1 ~- LL. 3 VlC:X: Vl a:: z Vl LL. 3 -----

35W~95 229-7.3 5,6 2 3.4 81 2+ 
35Ut~9 5 2?9-7. 4 5,6 5 .9 307 -
35Utl95 229 -7 .5 5,6 3 . 7 807-
35Utl95 229- 7.6 5.6 3 .6 308+ 
35llU95 22f'J - 7.7 5 ,6 5 .8 308+ 
35Ufl95 22'J- 10 .1 2 , 3 5 1.6 307-
35UU95 229-11 .1 2, 3 3 8 .0 312-

a fl o1 r.e lyre : 
1 . Primat·y decorti ca tion flake. Defined as a flake with t he entire dorsal surfac e 

covered vii t h co r tex . 
2 . Seconda r y deco r tica ti on fla.- e. De fine d as a flake with cortex on part of the 

p l atfo r m o r dorsa l surfa ce o f the f la ke. 
3. Thinni ng o r tet· tiary flake . Oefined as a flake exhibiting no cortex on the 

platform o r do rsal s urface . 
4. Pres su re flake . Defined as a small , thin flake being generally twice as l ong 

as it 1s wide a nd exhibiting no c ortex. In practice, these are very d i fficult 
to dis ti ngu ish from ma ny thinning flakes. 

b Refer to 11 , Table 6 fo r e xplanation of sourc e assignme nt coding. 

..Q ._, 
c: 
QJ 
E 

C!l c: 
u Ol 
L ·~ 

:J VI 
0 VI 
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TABLE 10 

Flaked obsidian artifacts: Marshmeadow and Ladd Canyon 

.. 
ci c ... 
:II: i" ~ e 
c: "' c: 

..=. e "' -2 .. ! "' ... "' .. c: ! "' "' "' 0 .... .2"~ "' - < 
!!I ..., ... ... z ..... ... .. .11: c .. <II 

<II 
.. ....... <II ... .0:: ~ .s:: u .. -- Morpho-use category ~ ... "' .. v "' ... ... ... ... "' c: ... c: ~ :c :I - ... ...... 0 0 <II :ii ~ 0 

"" "" c:a: <..! <..! ..... .... "" 
35UN74 III* 100-4-65 Perforator 2 22 11 3 .9 812+ 

" 1ll·B·l9b Core - 32 24 ll 808+ 

35UN95 6 202-5-18 Biface 2 2 23 19 a 3.8 808-
222-6-28 2 2 14 24 4 1.1 812+ 

7 201-3-7 2 2 22 10 6 2.2 804-
223-5-9 1 2 38 29 5 5.7 803+ 

Refer to Table 6 for coding explanation. a, b, c correspond to c, a, n of Table 6 
respectively. 
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Fifteen flakes could not be assigned exclusively to 

either strata 2 or 3. I the::-efore asigned them to strata 2 and 

3 which conservatively places their temporal occurrence 

somewhere between 6700 and ca. 4000 BP (McPherson and others 

1981: Table 2l). Accepted probability estimates indicate use 

of the India.'l Creek (N=2), Coyote-Buckboard (N=3), and Owyhee A 

(N=l) sources during this period. Items assigned to the 

Petroglyphs (N=4) and Owyhee B (N=1) sources were rejected. 

One_-_Tanceolate :projectile ;;oi-nt -{Fig. 20a), typologically 

associated with the Cascade ?hase ( Leonhardy and Rice 1970) was 

acceptably correlated to "L"le Owyhee A source. 

Strata 3 and 1.1 (6100-31.100 BP] 

Fifteen flakes from st!:'ata 3 andjor 4 were analyzed and 

40% of these ·..:ere correl.a::.e~ a::. acceptable probabilities to one 

of the sources used in the a::alysi s (Table 10). Because these 

items could not be correiated exc:usively to either stratum 3 

or 4, they must be viewed as belo~ging to a relatively long 

period lasting frorr. 6l'JC -:.: 3.;1c SP (Table 11). 

Three of the se·.·e:: :::.:;;kes cc::-related with the Owyhee A 

source were statist:i::al2.y acceptable as were three of four 

flakes correlated to the ::-.dian Creek source area. Of the 

acceptably correlated ::!e~:i tage i.:: s.t::-aturns 3 and 4, all but one 

were secondary reductlo~ :lakes o!:' thinning flakes. The one 

primary reduction flake re::::o-:e::-ed was correlated to the Indian 

Creek area suggestir.g t~at :ndian Creek obsidian was being 
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transported to Marshmeadow dur1ng this t1me per1od in raw 

material form or in very minimally reduced form. Other 

debitage correlated to the Coyote- Buckboard (N=2), Owyhee B 

(N=l), and Reynolds Creek (N=1) was considered statistically 

unacceptable. 

Occupation Period II (li000-690 BP) 

A total of 61 flakes from Occupation Per1od I I were 

selected for analysis. This constituted a 5% sample of 

recovered obsidian debi tage from this period. Only 23 of these 

(38%) were correlated to one of the sources at an acceptable 

probability estimate. The acceptably correlated deb:tage 

therefore const1tutes only 2% of all obs1dia~ deb~tage 

recovered from Occupat:on Per1od II (Tables 10111). 

Expectedly, the local Indian Creek source accounts fol- the 

maJority of correlated cbs1dian debitage (35%) and ~s fol:owed 

in frequency by the Owyhee .'\ ( 26%), Coyote - Buckboard ( 26%) 1 and 

Owyhee B ( 13'~) sources during this period. 

In contrast to the low percentage ( 38~~) of acceptably 

co:::-:::-elated deb: tage f:::-orr. Occupat1on Period I I I 57~~ of 'the 

proJeCtl:e points from ~~~s per:od were acceptabl~ corre_ated 

to one of the sources . Two corner- notched pol~ts f:::-om s tratum 

5 (3410- 2260 9P) ~ere ac=eptably a~s:gned to the Shu~way Ranch 

(fig . 20c) and Owyhee E so~rces. The Humboldt Cc~cave-Sase 

proJeCtlle po1nt f1om this period could not be cc:::-:::-e ated to 

any of the sources used 1~ the anc1l ys1 s. 

-.. 
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The la.tter half of this occupation period is represented 

by Stratum 6 (2260-690 SP) which contains evidence for "the 

most intensive occupation of the site" (McPherson and others 

1981:483). Five of six flakes from this period were acceptably 

correlated to one o!. the sources used in the analysis. Of 

these, debitage was acceptably correlated to the 

Coyote-Buckboard (N=2), Owyhee A (N=1), Owyhee B (N=l), and 

Indian Creek (N=l) sources (Table 11). Acceptably assigned 

projectile points during this period include a Humboldt 

Concave Base (Fig. 20d) point correlated to the Owyhee A 

source, two small stemmed points assigned to the Indian Creek 

(Fig. 20i) andOwyheeB (Fig. 20h) sources, andabasal-notched 

point fragment ~anufactured from a flake assigned to Timber 

:- Butte (Fig. 20e}. Two obsidian bifaces were recovered from 
,i 

Stratum 6, but only one, assigned to the Indian Creek source is 

deemed to be acceptable (Table 10). 

Strata 6 and 7 (2260-100 BP} 

The boundary between Strata 6 and 7 marks the end of 

Occupation Period I I and the beginning of Occupation I I I. 

Debitage acceptably correlated during this period indicates 

continued use of the Coyote-Buckboard, Owyhee A and B, and 

I'* 
Indian Creek sources (Table 9,11). Other assignments indicate 

I 

the use of Gregory Creek and Ebell Creek sources. With the 

exception of the Indian Creek source all of the debi tage 

consists of secondary reduction and thinning flakes along with 

I""' 
I 

I 
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a few pieces of non- diagnostic shatter and one pressure flake. 

Of the four flakes correlated to the Indian Creek source, two 

were primary reduction flakes suggesting that obsidian from 

Indian Creek was being brought to the Marshmeadow locale either 

in raw material form or it was only partially reduced at the 

source and then transported to the site. 

Stratum 7 ( 690-700 BP) 

Stratum 7 is believed to represent -che continuation of the 

economic patterns established during Occupation I I with a 

persisten-c influence from the Great Basin. While projectile 

po1nts during the preceding per1ods are manufactured from 

basalt, the po1nts characteris~ic of this final occupa~~on of 

Marshmeadow from 690 - 100 BP are made from obs1dian (Mc?herson 

and others 1981: 627). Sources used for the manu=ac~ure of 
1 

these proJectile points include Indian Creek (N=2) (Fig. 20j), 

Owyhee B (N=l) (Fig. 20k), Drewsey (N=1) (Fig. 20p), and Ebell 

Creek (N=l) (Fig. 20m). 

Stratum 8 

. 
! 

S~ra-:um 8 1s ent:'-rely disturbed and thus oi :.1 ttle 

archaeolog1cal value ( Ec?herson and others 1981:609). Five 

corner-no~ched points poir.~s \:ere recovered from s~ratum 8 

(Fig. :oq-u). Four were acc~pt.at:l:r· a::;s :..gned :.o the Gr~.:gory 

C.!.e~k (N=l), O•·:yhee A (N=2), ar..d !ndian Creek (t~=l) sout·ces. 
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Summary 

The acceptably correlated i terns in the debi tage and 

artifact sample suggests a rather consistent pattern of 

obsidian source- use through time at the Marshmeadow site. 

Overall , Indian Creek accounts for 35% of the debitage sample 

and is followed in frequency by Coyote- Buckboard (24°~), Owyhee 

A (24%), Owyhee B (14~0, Petroglyphs (2~~), and Ebell Creek 

( 2%). The correlation of one biface and primary decortication 

flakes ~rom the Indian Creek source suggests the transport of 

material from that source in raw or partially reduced form. 

Ma~erial from more distant sources appears to have arr1ved in 

more reduced form. 

These conclusions are rendered with some caution because 

over 60% of the debitage sample could not be correlated to one 

of the sources in the analysis. In con~ras~, over 70% of the 

Marshmeadow arti fac-es were acceptably correlated. This 

anomaly is discussed below. 

Wh1le the acceptably correlated sample from Marshmeadow 

is not :!.arge, it does suggest use: of diversified sources during 

all per:ods. 7h:s di •Jersl .:::.. ed so~rce-use may be 

representat1ve of either a highlj mobile settlement system or 

increased t.ra<ie com:acts w1 th groups t c the south. 
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Ladd Canyon (3SUN74) 

Introduction 

The Ladd Canyon site is located along Ladd Creek near the 

base of Craig Mountain and Glass Hill at the extreme southern 

end of the Grande Ronde Valley (Fig. 19}. Because of the "large 

size of the site and diverse topographies," the Ladd Canyon 

site was divided into four geomorphological zones. All of 

these zones were traversed by the Pan Alberta Pipeline 

(McPherson and others 1981: 630}. The sample of obsJ.dian 

debi tage and artifacts used in this study were recovered almost 

exclusively from one of these zones; Zone III, the modern 

floodplain of Ladd Creek. 

The floodplain is composed of a complex series of 
unconnected, interbedded lenses of silt, sand and 
gravel belJ.eved to be o! very late Holocene alluvial 
deposits. Their recent deposition is indicated by 
the presence of bedding planes not yet masked by 
pedogenesis. Due to the lack of soil development in 
any of the sediment within the zone, it J.s lJ.kely no 
particular surface was exposed for an extended 
length of time. It is believed the different lenses 
of alluvium are essentially contemporaneous and it 
is probable they resulted from the same event 
(flood) or some series of events associated with the 
last aggradation period ( 1500- :so BP} [McPherson and 
others 1981:649]. 

A radiocarbon date of 2950 B? was obtained on charcoal 

from these sediments, but the date was rejected as being too 

old as a lower limiting date for the sediments. The chatcoal is 
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believed to have been redeposited from its or1ginal older 

context upstream into the more recently deposited silt lens 

(McPherson and others 1981:649) . The association of 

diagnostic artifacts similar to those recovered at Marshmeadow 

which date after 650 BP led McPherson and others (1981:650) to 

conclude that the culture bearing floodplain sediments to be 

younger than 1000 years old. 

Four 2 x 2m units were excavated in Zone I I I. In 

compar1son to the other zones, Zone III conta1ned the greatest 

amount of cultural material including temporally diagnostic 

proJectile points, b1faces, scrapers, ut1lized flakes, and 

groundstone tools. Based on the high concentration of 

ar~:facts recovered from Zone III, it 1s believed that this 

portion of the site served as a major hab1tat1on area. Wh!l e 

ev1dence of living structures was not detected, it is believed 

that the Ladd Canyon site may have served as a base camp for the 

peoples using the Marshmeadow site somet1me after 690 BP 

(f>lcPherson and others 1981:657). 

Sample Select1on and Results of Analysis 

~h:r~y-r our pieces o= obs:c:an deb:tage (Table 12), ~wo 

projectile po1nts, several used used flakes, and a perfora~or 

were selec~ed for analysis (Table 13; ;;-lg. 21). F1£ teen :lakes 

or 44~ of the debitage were accep~~bly as~igned to one of ~he 

sout ces used in the analysis. 

• 
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:~:~ace analysis indicated use of the Coyote- Buckboard 

.;.~0 ), Ind1. an Creek (N=S, 33%) Owyhee A (N-2 0 I - I 13%) 1 

o-.-:·::.ee _ ~;=1, 7~~}, and Ebell Creek (N=1, 7%) sources. Two 

s:1.a:: E~e--ed projectile points, a bifacially flaked 

pe~==~=~=~ (Fig. 21c, d, e), and a utilized flake were 

a.:.:e;:~a..:::y .:orrelated to the Indian Creek source area. One 

s==-- .::~e and a used flake were acceptably assigned to the 

c-.. ·:·:-.:: = :.::.1rce and three used flakes (Fig. 21f, g) were 

a::o:;-:a..:::y correlated with the Coyote- Buckboard source . 

Stockhoff Basalt Quarry (35UN52) 

.!... =-=·.,; a:-~ifac-r.s from the Stockhoff Basalt Quarry (Fig. 19) 

••-=~-= =.: :o : :-. .: luded in the ana lysis. Since these consti tu-r.e 

o~-~ a ver~ small portion of the analyzed sample used in this 

s-:~=Y ~:~a.:~ ( 197;) and McPherson and others (1981} should be 

::::::·..:: -:::i :.::- !Ja:::kgrot:nd informat1on on the Stockhoff site. 

~ ~~~~~:dt Concave Base projec~:le point fragment (Fig . 

~:::. ·...:2ed =lake =rom stratum 8 (3800-1.., 00 BP) and s~rat"'..lm 

~ , : 5=: -: :: 3?) r-espec-:ively, (l\1cFherson and others 198l:':'able 

·.:::·e as2:g:1ed t.o the !ndian Creek source. Another Humboldt 

::~: :-::a-:e~ -:= ~he Gregory Creek source. 
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Pilcher Creek (35UN147) 

Introduction 

The Pilcher Creek site is located at the northern end of 

the Baker Va~:ey (?ig . 19) about 27 miles (43 km) north of the 

Dooley l-:oun~a.::: vicinity. The site is situated adjacent to 

Pilcher Cree~, a ~ribu~ary ~o the Powder River at 4000 feet 

(1210 rne~ers) e:evat1on ~ear the base of the glacially carved 

Elkhorn Moun-:ai.:1s. 

Three s~ra~1c;raphic units have bee:1 ident1fied at the 

site. Su!:::c1vided. 1nto two subs~ rata ( 1A and 18) I the first 

stratigraphic unit extends to a depth of 140 em. Mount Mazama 

Ash is a r.aj or :c::s~1 tuer.t o: the ~ower part of this unit ( lB) . 

Only low :re~e::~:es of cultural material were recovered in 

th1s firs~ s~rat:grpahic unit (Brauner, Satler, and Havercroft 

1983: 17). 

Stratum 2 :s a buried soil representing a surface which 

had rema:::ed stab:e :or some~ime prior to the erup~1on of Mount 

Mazama. ~~e ~a:or:~y of cultural materia: frorn the P1lcher 

Creek si ~e was ::ecc·;ered .:rom this s tra-cum. \·l!'~i le some ash \>:as 

depo.=:it.ed .:.::~c ~:.ratum _ , all of th1s was be!.:eved to be 

1ntrus:ve :rom rodent burrow1ng. All cultural mater1al from 

stratum 2 p::-eda ~e3 t.he e::--upt.!on of Moun~ Mazz:::1a C Eraune~, 

Sa ~ler I a:-.=. Ea·;e:.·c:-o ::: 1933: 20) . 

Pilcner '"::-eek represent.s an upland base camp which ''was 

most 1ntensive!.y occup1ed pr1or to the eruption of Mount 

f•1azama" ( 3rauner, Sa tler and Haverc r oft 1983: 42) . r:h agnos:.1 c 
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ar~1:ac~s from stratum 2, while rare, are stylistically 

similar ~o artifac~s found associated with the Windust Phase 

{10,000 ~o 8000 BP) in the Lower Snake River canyon {Leonhardy 

and Rice l970i Rice 1972) . The flak~d lith~c assemblage, like 

the !•:arshmeadow, Ladd Canyon, and Stockhoff assemblages, 

co::sis~s primarily of locally available basalt. Obsidian 

debitage constitutes about 4% of the l~thic detritus recovered 

frc::-. -±e =: -:e ( Erat::1er, Satler, and Havercrof~ 1983: Fig. 12}. 

Sample Sel ection 

The analyzed obsidian sample includes 57 art~facts and 

125 · .. :as~e :lakes {Tables 14- 17} . Correlat:on results 1ndi ca te 

a str~~~~g dispar:~y between ~he two samples. wr.ereas 90% of 

the ar-:::ac~ sample was acceptably correlated to one of the 

sources ~sed in the analysis, only 15~ of the deb1~age sample 

was so con·elated. Results of the artifact and debi tage 

ana::~ses are disct:ssed be:ow. 

Debit age 

C':1ly 19 ( 15~~) of ~he 125 waste flakes are considered to be 

accep-:a~:y corre:a-:ed. Sources accounting for t~:s debitage 

1:1c.:.ude Coyor.e - 3uckboa:·d {!':=8, 42~~), Indian Creek (N=S, 26~;), 

Ow:,•hee .:... (~!=4, 21°0 }, and Shur.r,..·ay Ranch (N=2, 10~~). Al.:. of the 

ccrrela~ed oeb1tage cons1s-:s of 1nter1or or th1nn1ng flakes, 

and non-c:il agnos~1c sl!at ter. Th1rty t .._ akes ( .24~~) are from 
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Table 15 

Pilcher Creek obsidian dcbitage: 
attributes and source assignments 
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Table 15 (continued) 
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"' ...... Ql ..c: u 0\ "' ...... C1J ..c: u 0\ 
C1J ...... 1'0 ~ 0\ '- •r- cu . ..... 10 ~ 0\ '- •r-... 0\ • L. 10 ...... ;:)U) ...... 0\ • '- 10 .,... ;:)U) 

•.- QJO • .J ...- C1J 0U) ...... ClJO ...... ...- C1J 011\ 
V) « z V) t& .. 3 Vl<( V) « z V) u.. 3 V) <( 

35UN147 f-53/4 2 3 .5 812- 35UN147 F-62/5 2 3 .4 
351JN147 F-56/28 2 3 4.0 803- 35UU147 f-63/1 2 5 1.0 807-
35UN147 f-56/32A 2 5 .8 007- 35UtH 4 7 F63/2 2 5 .4 807-
35UN147 F-56/328 2 5 .5 804- 35UN147 r-63/3 2 3 .4 807-
35UN147 f-57/l 2 3 1.2 812- 35UN147 F-63/ 40 2 3 1.0 803-
35tJN147 F-57/2 2 3 1.4 807- 35UN147 F-63/41 2 3 .6 812-
35UN147 F-57/3 2 3 .4 807- 35UN147 f -65/l 2 5 .6 804-
35UN147 f-57/4 2 3 . 4 802• 35UN147 F-65/2 2 5 .4 804-
35tJN14 7 F-57/5 2 3 . 4 804- 35UN147 F-65/3 2 3 .6 804-
35UN147 f-57/6 2 5 . 4 812- 35UN147 F-65/4 2 3 .6 805-
35UN147 F-59/1 2 3 . 7 804- 35UN147 F-65/5 2 5 .4 804-
Jsmn 41 F-59/2 2 5 .4 803• 35UN147 f-65/6 2 3 . 4 803+ 
35UN147 F-59/3 2 5 .4 807- 35UN14 7 r-65/7 2 3 .4 803-
35tJN147 F-59/ 40 2 3 .8 804- 35UN14 7 r -65/8 2 2 .6 807-
351JtH 4 7 f-5 9/54 2 5 .4 804- 35UN147 F-65/9 2 5 .4 803-
35UN147 r -60/1 2 3 1.1 804- 35UN147 F-65/29 2 5 .8 804-
35UN147 f-60/2 2 5 .5 804- 35UIH 4 7 F- 66/l 2 2 .5 807-
35UN147 F-60/ 32 2 5 .4 804- 35UU14 7 F-66/2 2 5 .4 804-
35UN147 r -62/1 2 3 .4 812+ 35UNI47 r -66/3 2 3 .4 803+ 
35UN147 F-62/3 2 3 . 4 807- 35UN147 F-66/5 2 5 . 3 804- ..... 

w 
35UNI47 F-62/4 2 3 . 4 803t- 35urn 4 7 f-66/6 2 5 . 3 804- -..J 

--"!"---------........... ·- = .;~:..; , .... ___ .'-"" 
ll 1:! 



Table 15 (continued) 

VI VI c • E .Q c • E .Q 0 10 0 10 
QJ L ... .. L ~ • • a. Ol c ... a. 0\ c .... ~ QJ 10 ~ .. 

0 ' 5 OJ ~ 0 '- ~ .. ~ ~ •• ... z ... ~ 
VI ._. QJ .c U Ot II\ ~ QJ .c u 0\ 

cu ,... 10 ~ 0\ L .- QJ ·.- f'O ~ 0\ L ·.-._. Ol • L f'O ~II\ ~ Ol L 10 .,... ~II\ .- QJ 0 ... ..- .. OVI CliO .... ..- Ill ~:2 Vl at: z Vl ...... :X Vl~ Vl IX Z Vl ...... :X --- -------
35l1Nl4 7 f -66/7 2 5 .3 003- 351JN147 r-75/2 2 5 1.0 004-
3511UI47 f -6 7/1 2 5 5.t1 ocn- 351JtH 4 7 f - 7':J/3 2 3 . 3 001 -
)'>liN 1 ~ 7 f - 67/2 'l 3 .J 001\- 3511N1 H f - 7'J/'I 2 J . 4 00) -
3SIJNI47 f- 6/ /) 2 !> .3 004- JSIWI 4 I r -75/5 2 3 .5 004 -
3SIJUI4/ f -67/4 2 5 . l 010- 35l1Ul47 f - 75/6 2 3 .2 003-
35UU t 4 7 F-67/5 2 4 .4 812- 35UUI47 F -79/1 2 5 .9 804-
35UU\47 F-67/6 2 3 .2 803- 35UUI47 fj-85/l 2 5 1.7 803 .. 
35Utl147 F-67/7 2 5 .5 803- 35UUI47 F-85/2 2 3 .4 804-
35UtH 47 F-67/8 2 5 .2 35UtH 4 7 f-85/3 2 3 .8 804-
3surn 41 F-67/9 2 4 .3 804- 35UN147 F-85/5 2 3 .3 803-
35Ut0 4 7 F-67/23A 2 5 2.0 804- 35UtH 4 7 F-85/6 2 3 .5 804-
J5urn 47 F- 67/238 2 5 . 9 807- 35UU147 F-85/8 2 3 .4 804-
35urn 4 7 F-67/23C 2 5 .5 004- 35UtH 4 7 F-85/9 2 3 .3 804-
35tlfH 47 F-6U/l 2 3 .5 807- 35UUI4 7 F-85/10 2 3 .6 803-
3SUUI 47 F-68/2 2 4 .3 807- 35UN147 F-85/11 2 4 . 3 804-
35UN147 F-70/l 2 3 .6 804-
35UU147 f- 70/2 2 5 . 3 803-
35UtH 47 F-71/l 2 3 . 7 807t 
35UU 14 7 F-71 /2 2 3 .6 807-
35UtH 4 7 F-72/l 2 3 . 3 804-
35UN14 7 F-72/2 2 3 1.6 804-
35utn 47 f-75/l 2 3 2.3 807-

1-' 
w 
00 

d,b Refer to Tdble 9 fur codi ng expldnat1on 



TABLE 16 

Flaked obsidi an a~tlfacts : 

~ ! ... ... .. .. ... ... 
"' "' 

3SUN147 2 . 1 
z 
1 
2 
2 
2 
2 
2 
2 

35UN147 

35UU147 2 

3SUII147 2 

35UN147 2 . 1 
1 

3SUN147 

" Condition: 
1. Como1 ete 

0 z 
e 
0 .. ... ..... ..... ... ... .. "' ...... 

CCI< 

6430 
G-13 
G-47 
G-122 
G-362 
G-425 
G-406 
.i-127 
J-104 
K-61 
K-140 

K-20 

J-114 

110 

114 
G-73 
J-132 

f-5 

b 2. lncomolete 
Co~tex 
1. P~esent 
2. Absent 

c Sou~ce Assignment 
801 Drewsey 
802 ShuQWay Ranch 
803 Coyote-Buc~Doard 
804 Petroglyphs 
805 Gregory Cree~ 

Mo~pho-use catego~y 

P~oJectile polnt p~efonn/blank 
" 

Stage 2 blank 

~111 f~agment 

sc~aper 

Bfface fra~nt 
" 

G~aver 

806 Seneci-ulass Hount11n 
807 Owynu A 
808 Owynee B 
809 Tlr.Der 3utte 
810 Reyno1os Creek 
812 lnd1ar Cree~ 
813 Ebell Cree~ 

• indicates accepted sou~ce assignment 
- 1nd1cates reJeCteo source ass1qnment 
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Pflche~ C~eek 

.:; 

j 0 
:z: 

! "' E ~ c: • ... .2 E- ... "' c: ... ... "' ... 
0 .Q -! ... c .. 
= ... ... .. J:: e ... ... ... ... ... J:: ~ J:: ... "' ... ... ...... ::. ~ .... ::J 
c: ... c: ... :> 
0 8 ... - J:: ... 0 
u ..J ~ - ~ 

., 

1 2 66 22 7 9.2 812• 221 
1 2 49 19 6 4.6 812• 22e 
2 2 28 23 4 2.5 806-
2 2 20 IS 7 2.2 812+ 
2 2 32 32 8 6.5 808-
2 2 38 IS 7 4.0 812 -
2 2 31 24 4 s.s 812 -
2 2 13 18 5 .6 812· 
2 2 27 14 s 2.: 813• 
2 2 23 24 9 3.5 812• 
2 2 12 17 s .5 812-

2 2 36 20 9 4.4 91: -

2 2 31 14 7 z.z 808• 

2 52 18 12 10.6 812• Z3f 

2 2 40 43 11 21.8 812• ~2f 

2 2 63 13 8 5.5 808-
2 2 30 55 16 24.5 :')1= · ZZq 

2 30 18 2 1.1 807-
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TABLE 17 

·Pilcher Creek used obsidian flakes : 
attributes and source assig~ents 

OJ 0 
0) ...., . ~ c: . 

0 OJ QJ 0 
z - - E z 
'= ~ In .Q" ~ c 

E OJ 0) c 
0 - - ttl QJ In .,_ 0 .... 

~ - s.. c. ~ In .,_ ...., 
~ In 0) 10 In 

...., 
ttl ~ - In - .=. '+- c( ttl 

E s.. - OJ In 0 s.. 
~ 

...., )( ~ c: ...., 
OJ 

...., ...., In OJ ...., .=. ~ .=. In OJ u In 
ttl ·.- ......, 0) ...., u 0) In ...- s.. ~ 
s.. 0) s.. c: ~ 0 0) ~ ...., OJ 0 OJ .,_ .=. QJ s.. c: 0 ,..... 

(/') 0::: u ~ 3 .,._ 3 <.:;, c( (/') 

1 F-62 2 38 29 5 5.0 6 45 812+ , G-488 2 61 39 3 7.0 .- 30 812+ . :J 

1 G-515 2 38 26 3 2.5 2 30 808-
G-506 2 38 20 4 2.0 6 25 807-

"' G- 522 2 15 10 1 .1 c 33 803-
'" 

.J 

2 11- 31 .... 

" lS 14 3 .3 6 55 812+ 
,. 

1: -49 2 21 19 "' .9 5 35 812+ 
" 

.) 

I-48 2 36 26 ? 
..) 2.7 6 55 013+ 

1 J- 13 2 54 13 4 "' ,.. ..) . .) 0 15 812+ 
J- 112 2 34 !9 ., 1.6 6 :5 807-"" 

2 J- 123 2 34 31 4 2.8 7 30 812+ 
1 L-30 2 5! 28 3 3.0 7 45 812+ 
• F- 14 2 46 23 7 7.2 4 55 8!Z+ .1. 

1 F-30 2 30 28 6 2.4 5 80 812+ 
1 F-~2 

,., 
J4 30 c .., , 6 lOS 812+ " ..) -·" 

1 G- 251 2 36 25 ., 
.J 1.5 4 60 002+ 

2 J- 10C 2 26 15 7 C:.9 6 55 C!2+ 
2 K- 99 2 47 22 4 3.5 5 65 C12-
2 F-110 2 "'C 

C...J 20 2 .3 5 55 807-
1 G- 509 2 29 21 4 , - , 50 812+ •. o 0 

2 G-5Sl 2 28 lli 4 1.1 6 50 803+ 
2 G-291 2 :.o 30 """' 3 5 , fl, i\ 70 812• 

G- 276 .... 32 21 ~ 1.5 2 40 CC3-... " .J 

L-57 2 Jl ,..,... 
C.u 4 3.5 6 'S 3G3+ 

2 G-517 z 16 lLl 2 ? 7 65 8C3+ - ..... 
.ll , L- 26 2 59 42 

,.. 6. 0 7 6S BC7+ it' ... J 

d-e Refer to Table 13 for coding explanation 
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Stratum 1, while 87 are from Stratum 2. The 

stratigraphic proveniences of eight flakes are unknown. 

In the analyzed sample pre-dating 6700 BP (Stratum 2), 

only 12 of the 87 flakes are acceptably assigned to one of the 

sources included in the analysis. Based on the acceptable 

assignments, Coyote- Buckboard (50%) was the most frequently 

used source. Two items each were assigned to Indian Creek, 

Shumway Ranch, and Owyhee A. 

In the analyzed sample post - dat1ng ca. 6700 BP, Indian 

Creek accounts for 50%, Coyote- Buckboard 33%, and Owyhee A 17~~ 

of the acceptably correlated debitage. However, only 6 of the 

30 analyzed flakes ( 30~') could be correlated to one of the 

sources used ~n the analysis. 

Flaked obsidian artifacts 

In contrast to the poorly classified debi tage, over 90% of 

the obs1dian artifacts are acceptably ~a~=hed to one of the 

sources (Tables 14, 16, 17). Based on the acceptably 

correlated i terns, Indian Creek obsidian v.:as most frequently 

used both be~ore and after 6-oo BP for the manufacture of 

obsidian tools at ?! lcher Creek. 

Three obs:dian b1:aces (F:..g. 22; ':'able :5) are included in 

the analyzed sample; two are correlated 1:0 Ind1an Creek and the 

source of one is considered unknown at th:..s t1rne because of 

unacceptable ~robab1l:ty esti~atez. Ac~crding to these 

resu:ts, Indian Creek ob:3idian was used both before and after 

W~----------------------------· 
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Fig . 22. Flaked obsidi_n arti ~dcts from P~lcher Cr~ek. 
rl - d, point fraryments; e , i, tJreforras; f,g, bifaces; h, Stemmed 
lanccolate projectile point. 
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Fig . ~ 3 . Used obsidian flakes from Pilcher Creek . 
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6700 BP for bifaces. Obsidian from Indian Creek was also the 

most frequently used for projectile point preforms. Of the 13 

analyzed preforms, 12 were acceptably ass1gned to one of the 

sources. All preforms from Stratum 2 are correlated to the 

Dooley Mountain vicinity. One was correlated to Ebell Creek 

and six were correlated to the Indian Creek source . Of the 

three preforms from Stratum 1 1 two were assigned to Indian 

Creek and one was assigned to the Owyhee B source. 

Not surprisingly 1 -:his apparent: pattern of reliance on 

locally available obsidian for bifaces and projec~ile point 

preforms is also exhibited in the analysis of projectile points 

and point fragments (Table 14) . 

Correlations of the eight point fragments from stratum 2 

to the Indian Creek (87%) and Owyhee :S (13%) sources are 

acceptable. The one complete lanceolate point exhiblting the 

st:rong oblique parallel flaking (Fig. 22h) is acceptably 

assigned to the Indian Creek source. 

Used :lakes (Table 17; Fig. 23) indicate a slightly more 

diversified source use, though Indian Creek is still the most 

:requently used source. P::-ior to 6700 BPI Indian Creek 

(N=5~71%) and Coyote - Buckboard are the only sources exploited 

:or useable flakes . After this t1me1 useable flakes were 

obtained !rom the Indian Creek (N=8~~3~)~ Shumway Ranch 

' 
( li.J-· got ) .-!. , 0' Coyote-Buckboard (N=1 ~ 9~~), and Owyhee A (N=l, 9%) 

sources. 

~ ~---------------------------------
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Summary 

The results of the artifact analysis strongly suggest 

that obsidian toolstone procurement at Pilcher Creek both 

before and after the deposition of Mazama Ash (ca. 6700 BP) was 

intensely focused on the Indian Creek obsidian source. The 

probability estimates indicate that Indian Creek accounts for 

75~ of the bifaces, 73% of the projectile po~nt preforms, 75% 

of the projectile point fragments, and 72% of the used flakes. 

Additionally, one large lanceolate proJectile po~nt and a 

flake scraper are assigned to Indian Creek. Assignments to 

other sources include one projectile point preform to Ebell 

Creek, and used flakes correlated to Coyote - Buckboard (N=3), 

Owyhee A ( N=l), and Shumway Ranch ( N=l). 

Discussion: Uncorrelated Debitage 

Of the 137 items in the Marshmeadow debitage sample, only 

49 (36°~) could be adequa-cely correlated to one of <:he sources 

in the analysis. Sirni:arly, 44% of the debitage samp:e =ro~ 

Ladd Canyon and only 15% of the debitage from Pilcher Creek is 

acceptably correlated. On the other hand, 68~ of t~e 

Marshmeadow artifacts and 90~~ of the Pilcher Creek art.:fac~s 

are acceptably correlated. 

The reason~ !or this ~t:riking discrepancy are somewhat 

puzzllng. One of the concerns in analyzing a debitage sa~ple 

is spec1men s1ze. Though I did tPqu1re that flakes be greater 
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than 1 em in length or width, individual flake lengths or 

widths were not recorded. Flake weights though, were recorded 

and as a gross indicator of flake size, I examined the 

correlation results by weight. 

Prior to exam~ning these data (Tables 11, 15 ), I suspected 

that the poorly classified cases might be primarily limited to 

small or light flakes. However, this is not the case. In fact, 

the Marshmeadow analysis seems to ~ndicate that as flake weight 

~ncreased, the number of acceptably correlated items 

decreased. Of the debi tage weighing 0. 5 grams or less, 10 of 20 

flakes (50%) are acceptably correlated according to the 

probability estimates. Even fewer ( 22 of 61, 36°') of the /0 

debitage weighing 0.6- 1.0 grams are acceptably assigned to 

one of the sources used in the analysis and still fe~er (11 of 

35, 31%) flakes weighing between 1.1 - 2.0 grams are acceptably 

correlated. Finally, the heaviest flakes, those w~th weights 

1n excess of 2. 0 grams exhibit the poorest classif~cation 

results of all debitage (6 of 21, 29%). 

With the Pilcher Creek deb~tage, unacceptable matches 

occur in all weight categor1es. The Pi ... cher Creek sample, 

however conta~ns more small flakes than does the Mar~~eadow 

sample . St~ll, only 13 of 79 {16:) flakes we1ghing :ess than 

0.6 grams are acceptably correlated. Flak~s we1gh1~g between 

0.6 and 1.0 grams are correlated in only 4 of 32 (13%) cases. 

No correlations for !lakes weighing between 1.1 and 2.0 grams 

are acceptable and only 1 of 4 { 25~~) cases w~ th ;,;eigh-.:.s ~n 

excess of 2.1 grams are accep-:ably cor:::-ela ted. Thus, we ight or 
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size does not seem to be a controlling variable with the poorly 

correlated debitage. 

There is one possible source of error existing in the 

Pilcher Creek debi tage sample wh1ch is not present in the other 

samples. Several of the flakes 1n the debitage sample were 

encrusted with cemented soil particles which could not be 

removed through normal wash1 ng procedures. Such partie les may 

potentially affect t!'le measured im:ensi t:y readings through ~he 

introduction and subsequent measurement of elements foreign t:o 

the stone. Presently, the ef:ects of these fore1gn subs~ances 

on t!'le analytic results is unknO\m. Even by excluding such 

specimens from the analysis 1 the Pilcher Creek deb1 tage is 

sti 11 very poorly classified. 

If it is assumed that t~:s disc~epancy is not due to an 

analytical or procedural er~or I it would appear that an unknown 

or known source not 1ncluded 1n the analysis may be the cause of 

these poorly classified :~ems. \•lhile the probability 

estimates ( P ( G/ X) ] for group a!f:.liat1on 1n many o.: the 

rejected cases were above . 90, low probability est::nates of 

P (G/X) suggested that. ~~ese i -:e::1s m1ght. belong to sou:-ce groups 

not included in the analys1 s. 

After further re~iew o! ;eological research in adjace~t 

areas and a recen-t:.y pu!:::>li~:-;ed obsidian sourcing s<;udy, i ~ 

appears that ~here are addi-::~nal obsidian sources within ~0 

m1les ( 64 tUT\) of the s~udy a:-ea wln c~ might be the source or 

sources of the uncor!.·ela ted ceb1 tage. 
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Lowry (1968:36) nctes that "black vitrophyric obsidian 

with prominent flow struc":ure" occurs at Castle Rock, in the 

headwaters of Hunter Creek 40 miles (64 km) south of the study 

area and on the south and southeast slopes of Ironside Mountain 

about 21 miles (35 km) south of the study area. At Ironside 

Mountain, obsidian is "not only very abundant, but in places 

shows columnar j oint~ng." The I ron side Mountain formation 

begins on the southeas~ side ~l~h rhyolitic flow brecc1as and 

thick vi trophyric obs:...:Ea:-1 flo·.-.·s (Lowry 1968:35-36). Obsid1an 

has also been collected :rem the west side of I rons1de l'-1ountain -
(Thayer and Brown 1964: ~93). 

Another reported source :or which the University of Idaho 

has no source standards is Sugarloaf Butte (Nelson 1984:53). 

This source 1 s located appr::»::::-.a -:ely 30 miles (SO km) sou the as-: 

of the Dooley Mountaln Vlcini~y. Certa1nly, addl~iona: 

collection of these souces "''ould be a neccessary step ~o 

determine the source affi:iation for these uncorrelated 

debitage specimens. S:~ce these sources are located closer to 

the s:. <:es being inves-::.;a::ed -:~a:-1 all o::~er sources ·.;.i ::~ <:~e 

excep<:ion of the Doole'j f"!G:.:.::-:a::-. sources, further analysis may 

help clari fy the uncorrelated cebitage and amend the resul~s 

c:O::a1ned :n this s::ud:r·. 

An al::ernative expla~a:::o:: for ::he uncorrela~ed deb_.:age 

is that these cases are i~ :ac:: members of one of ::~e grou~s 

1ncluded in -:he anal:_;s:s , o;;~ ~he d1scr::.rr.:na-:::.:~g ·:a'!.·::.ables 

wh1 ch may be power ft..:. eno'..lgr. to discriminate ::hose cases 

situated near the gr-,.;;. ::~n:.:.-o:ds are too weak ... o c:.::ss: :·: 
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cases lying further away from the group centroids. This could 

potentially account for the large number of P(X/G) probability 

estimates recorded among the debi tage samples. 

Another possible explanation is that the acceptance 

criteria employed in this study is too restrictive, and that 

some i terns actually belong to the group to which they were 

assigned. In the analysis of the included test case, most 

(80%) of the debitage is correctly classified. However, in the 

application of the acceptance-rejection criteria applied in 

this study to the Indian Creek test case, some weakly, but 

correctly classified items were rejected (Table 5). While this 

approach allowed cases to be accepted with more confidence, it 

nevertheless excluded some correct classifications. 

Although some possible explanations for the discrepancy 

have been discussed, the large number of analytic and specimen 

variables involved in non-destructive X-ray fluorescence 

analysis makes it extremely difficult to isolate the variable 

or variables responsible for the rather poorly classified 

debitage. -

-
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IV . CONCLUSIONS 

The central objective of this work has b e en to place 

aboriginal use of the Dooley Mountain obsidian sources in a 

chronological framework. I believe this objective has been 

accomplished. 

The analysis of obsidian source specimens by 

non- destructive x - ray fluorescence analysis indicates that 

obsidian from t wo local sources, Ebell Creek and Indian Creek 

are present in the study area. Though personal reconnaissance 

and chemical analysis has partially defined the spatial 

occurrences of obsidian from these two sources, the precise 

physical limits of these sources are unknown. 

Employing economic and anthropolog~cal spatial theory, 

thi s study assumed that the aboriginal inhabitants of 

northeast Oregon made rational economic decisions by relying 

on local obsidian sources to minimize travel and effort. This 

central assumption provided a work1ng basis for the selection 

of archaeological data. 

Importantly, the Dooley Mountain sources were the closest 

known obs1dian occurrences to all of these sites. Based on 

stratigraphi c horizon markers, age determinations of carbon 

samples from these s1 tes and through stylistl.c comparison of 

f 
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projectile points from well dated contexts in both the Great 

Basin and southern Plateau, the analyzed data encompass a 

period of prehistory from the first known occupation of the 

southern Columbia Plateau and northern Great Basin until the 

historic period. Accordingly, these were judged to be 

appropriate data for investigating the aboriginal use of the 

Dooley Mountain sources from a diachronic perspective. 

This study also assumed that the methods used to analyze 

these data would be adequate to discriminate the source groups 

and classify artifacts of unknown source affiliat1on. Though 

the correlations for artifacts of unknown source affiliation 

can not be determined absolutely, results of the test case and 

of the classifications of known source groups indicated that 
1 

approximately 80% of these i terns are correctly classif1ed. 

Chronology 

The analysis suggests that Dooley Mountain obs::d:.an, 

par~icularly the Ind1an Creek source, has served a so~rce of 

tool stone for abor1ginal people from as early as 8000-10,000 BP 

until hlstorlc times. To facil1tate discuss1on of the data, 

-:he a~crig1nal use of these sou!:ces is di ·,rided into five 

chronologie periods ranging from 10,000-EOOO BP; 8000 - 5000 EP; 

5000-:;<±-00 BP; 3400 to 1300 BP; and :300 to 100 B?. Th~se 

~ernporal units are used solely as a means of i~teg~~~~ng the 

d1verse data used in this s~udy. Consequently, there i~ some 
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slight overlap between the periods wh1ch are based on both 

stratigraphic correlations from sites in the LaGrande area and 

on regional projectile point typologies. 

10,000-8000 BP 

Obsidian artifacts from pre- Mazama Ash sediments at the 

Pilcher Creek site and pro) ecti le po1nts from sites in 1:he 

Wallowa Whitman Forest which are stylistically s1m1lar to 

projectile points from Windust phase components in the lower 

Snake River were analyzed and correlated to the Ind1an Creek 

source. These artifacts prov1de evidence for the first 

documented use of the Indian Creek source and the upper Burnt 

River region. The results of the di scr1m1nant analysis sugges1: 

that the people using Pilcher Creek pr1or to ca. 8000 BP relied 

on the Indian Creek area as a source of raw mater1al for 

obsidian bi faces, projectile points and useable flakes. 

In conjunction wi t:h the few th:nn1ng flakes which •,..rere 

correlated to the Indian Creek source, the correlated 

artifacts indicate that most obsidlan from this source was 

probably reduced 1nto easily transpor-cable forms at or near <;:he 

source. Once these 1-cems arrived at: Pi-cher Creek, ~hey ~ay 

have been knapped in<;:o preforms and fin1shed artifacts. 

I Al ternati vel y, small nodules may ha\·e been ~ran""port:eci t.o 
• 

?1lcher Creek and then 1-edu.:::ed the!.-e. ~vhether produced at: ~.!'!e 

source or at Pilcher Creek, flakes de11ved from the reduction 
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of obsidian were not discarded, but were put to use in various 

cutting and scraping tasks. 

Windust- like projectile points from upland sites in the 

Wallowa Whitman National Forest suggest that the flintknappers 

responsible for their manufacture were also familiar with the 

Indian Creek area as a source of obsidian for stone tools. 

Though the sample size is small, over 80% of the projectile 

points were correlated to the Indian Creek source. 

Approximately the same percentage of large lanceolate 

projectile point fragments which also may be associated with 

this period were assigned to Indian Creek. 

In summary, the lithic assemblage from Pilcher Creek and 

the analysis of Windust- like obsidian projectile points from 

sites in the Blue Mountains suggest that the flintknappers of 

this period relied to a signlficant degree on locally available 

toolstone. Over 90% of the pre-Mazama Pilcher Creek lithic 

assemblage consists of local basalt (Brauner, Satler, and 

Havercroft 1983: Fig.12). The small sample of obsidlan 

artifacts which has been analyzed in this study indicates that 

the closest source of naturally occurring obsidian was also the 

most frequently used. 

8000-5000 BP 

Artifacts from the perlod between 8000 and 5000 EP are not 

well represented in the analyzed data. Two large Slde-notched 

. 
• 
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projectile. points from the Wallowa Whitman sample and a few 

f l akes from the Marshmeadow site constitute the o:1ly i terns 

correlated to Indian Creek. 

This period corresponds to the Cascade phase of the lower 

Snak e Rive r canyon. In general, lithic assemblages during the 

Cascade phase are predominantly of andesite or basalt 

(Leonhardy and Rice 1970:9) . Womack (1977:74) observed that 

obsidian debitage from the Stockhoff Basalt Qua::-:-y exhibl"t:ed 

"technomorphological attributes which we:-e ei -:he:-

produced by 1nexper1enced flintknappers or knappers unfam1liar 

with obsidian." Platform remnants showed s1gns of repeated 

battering and pronounced bulbs of force indicated flake 

detachment was done with excess1ve force. In short, the basalt 

oriented technology practiced at the Stockhoff site was 

probably poorly suited to the more vitreous obs~dian (Womack 

1977:74). Though the sample s1ze 1s small, the resul"t:s 

1ndicate some use of the Indian Creek source at t:!:~ s time. 

Clearly, the sample from the Marshmeadow site w1 th its 

easy access to abu:::1dant fine - grained basalt is a poor indicatc::

of use of the Dooley Mounta:r. obsid1a:::1 dur~r:g th:.s per1od. B:.::. 

the relatively few artifacts from rather extens!~e surveys cf 

:.he Wallowa Wh1tman Fores:. has produced only l1~:tec ev1ien:e 

for use of the obs!d.::..an sources at this t:ime. 
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5000-3'100 BP 

Use of the study area after 5000 BP and before 3400 BP is 

gener all y well represe nted by the correlati on of large 

squ are - shouldered, corner- notched with notched bases, a nd side 

to corner notched projectile points from the Wallowa Wh itman 

s ample which were corre l ated to the Dooley Mountain sources, 

primarily Indian Creek . Projectile points from this period are 

most similar to projectile points found in Great Basin. This 

tends to indicate either use of the study area by Great Basin 

people and/ or contact with them. 

Archaeological data from Marshmeadow suggest strong Great 

Basin 1nflue nces after about 4000 BP (McPherson and others 

1981). Though ~he analyzed obsidian from Mar s hmeadow during 

this period is limited, the acceptably correlated items to 

Indian Creek include secondary, thinning, and primary 

reduct1on flakes suggesting both maintenance and manufacture 

of existing tools and the manufacture of tools from partially 

reduced forms . Projectile points collected from surface 

contexts at sites wi th!n the study area indicate that the study 

area was being occupied, poss1bly on a seasonal basis dur.:ng 

this per.:od. 

3'100 1300 BP 

This per1od is represe~ted by small con:ave - base 

lanceolate, corner-notched , large co!"ner- notched, and large 
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triangular and stemmed projectile points in the Wallowa 

Whitman sample and artifacts and debi tage from the Marshmeadow 

sites from radiocarbon dated strata 5 and 6. 

Projectile points from this period are better represented 

than those from other time periods. The dominant projectile 

point styles are very similar to those included w1 thin the Elko 

Series in the Great Basin. The source correlations indicate 

that a fairly broad spectrum of sources were being used at this 

time, including the first well-indicated use of Timber Butte to 

the east. Approx1mately half of the art1facts 1n th1s sample 

includi~g Humboldt Concave Base po1nts and some po1nts similar 

to those found during the Harder phase en the Columbia Plateau 

are manufactured from Indian Creek obsidian suggesting fairly 

frequent use of the source by the knappers occupy1ng ~he area 

at this t1me. In general, projectile points from this time 

period have been the most frequently coliected point type from 

the study area. 

Because there are so few available data for the study 

area, it is unknown 1f the larger sample from this period 

reflects increased human ac~ivi ty. Th.i s period corresponds t:o 

apparent shifts 1n aborig1nal sett:lement, especially in the 

sout~ern Plateau. While semi - secen~ary villages occur prio= 

to 4000 EP in both the Grea~ Basin (O'Connell 1975:33) and thP 

sout:hern Plateau (Brauner 1976:318), by 3000 to 2700 BP p1t 

house clusters become qui~e common in the Plateau (Ames and 

Mdrshall 1980:35). One archaeological survey (Womack 1977a) 

along a small tributary 1n the s~udy area ha~ noted depressio!"ls 
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similar to pit houses found in the southern Plateau, but these • 

have not been excavated. 

Ames and Marshall ( 1980) have hypothesized that an 

intensification of spat1ally and temporally restricted root 

crops may partly account for this change in the Plateau 

settlement pattern. Archaeological data from the Marshmeadow 

site indicate that root crops were probably used much more 

frequently after about 4000 BP. Though the data are very 

limited, the available evidence from archaeolog1cal surveys in 

the study area suggest i:hat upland spring si r.es were being used 

as camps at this time. I sola ted finds of corner- notched 

projectile points also indicate that hunting activ1ties were 

being carried out in the study area during this period as well. 

Specula1:1vely speak1ng, it is possible -that Wl't.h a retur~ 

to modern climatic conditions, root crops (camas in the Burnt 

and Powder r1ver f:oodp:a1ns and lomatiums in the foot!ulls and 

upper slopes) began ~o play an increasingly important role in 

the subsistence patter;.s of people exploiting "Che si:udy area. 

Occupation of the area on a annual basis might have indeed been 

possible during this pe:::-iod. 

1300-100 BP 

Continued use o f t.!'le Dooley Mountain cbsidia:: fr~m 1300 BP 

to historic times 1s 1nd1cated by the correlation of small 

s1de-not.ched, small basal - not.ched, and smai: s-ce:nmed 

proJeCtlle po1nts 1n ~he Wallowa Wh1tman sample and d~b1t.age 
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and tools in the Marshmeadow and Ladd Canyon samples to the 

Indian Creek and Ebell Creek sources. As ~n the preceding 

periods, obsidian from the Indian Creek source ~s generally the 

most frequently used source of those analyzed. 

Artifacts recovered from the study area are predominantly 

manufactured from the local Indian Creek material. Many of the 

projectile points from this period were collected from spring 

sites, small tributary streams and as isola ted artifacts 

within the study area . Sites located at spr1ngs are suggestive 

of upland base camps wh1le the 1solated artifacts 1ndicate ~hat 

faunal resources in the study area v.•ere also sought by 

abor~g~nal hunters during thl s per~od. 

S:·ntheslS 

The data gained through analys~s of archaeological 

artifacts from the Pilcher CrPck, Marshmeadow, and Ladd Canyon 

sites suggest that the abor~gi~al inhabitants of these sites 

made rational econor.~ic dec1s1ons by relying on the locally 

available Dooley Mou~::a1n oosidian to m~nim1:.e travel and 

effort. During the earl:.~st known period of ~se :~om 

ap::>~ox~ma~ely 8000 to :o OOC \'ea:::s ago th1s certa~nly seems ~c 

be che case with over SO~~ ~= th~ corre!.ated art1fac~ sarrplt: 

being correlated to the !~dian Creek source. 

Data are lack1nq for ~!1c- per1od between 8000 and 5000 

years ago and the reasons ....... _ ..... this appa1ent def:c1ency are 

unknown at tlu s t1me. Afte!.· SGOO BP, use of the I nd:. an Creek. 
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source again resumed, but based on the data from the 

Marshmeadow site and from the sample of temporally diagnostic 

projectile points from upland sites in the Blue Mountains o f 

northeast Oregon, obsidian source use was more diversified 

than in the preceding periods. After 5000 BP obsidian was 

procured from sources in the Malheur and Owyhee river region 1n 

southeast Oregon and southwest Idaho. Timber Butte obsidian is 

recorded only in contexts after app~ox1mately 3800 BP. While 

the Indian Creek source is still the most frequently used 

source of those analyzed, roughly 50- 65% of the analyzed sample 

f~om after 5000 BP is from sources other than the local Dooley 

Mountain obs1dian . This may correspond to the development of 

networks with trading partners to the south or more mobile 

set~leme~t systems. 

One unexpected result of this study was the h1gh 

percentage of .:.r.correlated i terns in the deb1 <;age sample. Under 

a model of least-cost procurement, it was expected that the 

largest percer.tage c: deb1tage would be der1ved from the local 

source . However, the analysis suggests tha~ these items might 

belong to un~nown or untested sources. Further resea~ch into 

this anomaly ~Pvealed ~he presence o: at least three untested 

sources within less than 40 m1les (6~ km) of the study area. 

Al~:hough these sourres may poss1bl y account for the poor l 'J 

c l.ass1 fled debi tage, this hypothesis was not tested. 

It is diff1cult to imagine tha~ aboriginal activities 1n 

~he study area ~ere so:ely l im1ted ~o proc~rement of obsiiian 

toolstone. The s tudy area is s:tuated in a diverse 

' r 
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environmental regime which supports a wide array of animal and 

plant resources . Mou~tain sheep, ante lope, deer, elk, and 

rabbits inhabit or have inhabited the study area in the past . 

It is unlikely that these potent1al food resources or the 

anadramous and perennial fish resouces of the Burnt and Powder 

r1vers and their tr1butaries were overlooked. Root crops such 

as biscuitroot in the foothills and upper elevatio~s and camas 

along the floodpla1ns were undoubted! y gather-ed when they 

became seasonally available. Furthermore, it is quite likely 

that these resources prov1ded the primary 1ncent1ve for 

aboriginal people to use the upper Burnt and upper Powder 

rivers. The addition of a highly 1sotrop1c toolstone such as 

obsidian undoubtedly complimented this diverse natural 

environ~ent by providing a material which could be used to 

procure and process the animal and plant resources of the area. 

Clearly, r.hi s study represents only a beginning to 

archaeological research of the Dooley Mountain obsidian. 

Analysis was largely limited to artifacts from s1 tes outs1de of 

the study area. To date, no systematic excavat1on of quarr1es 

or works~ops within the study area has been conducted, nor has 

any technological analysis of Dooley Mountain obsid1an 

assemb_ages been at tempted. 

This work represents a limited study of a l1th:c resource 

which unt1l the last aecade was archaeologlcal:.y unknown. ':'he 

data gained in the analysis of archaeolog1cal collections from 

s1tes :~ the adjacent area have allowed ~he ~oo:ey Mountain 

obs101a~ sources to be placea w1th1n a cnronolog1cal 

• 
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framework .. Consequently, this research should be a 

contribution to the essentially unknown prehistory of the 

region which will serve as an aid to future research in the 

upper Burnt and upper Powder river areas. 
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