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ABSTRACT

Dooley Mountain is located in the Blue Mountains of northeast

‘Oregen 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 1identified as aboriginal
toolstone. Research utilizing x-ray fluorescence analysis
places aboriginal wuse of these volcanic glasses in a
chronological framework. The data include obsidian artifacts
and debitage 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

Déoley Mountain is located in the Blue Mountains of
northeastern Oregon. At just 6ver 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 Jamés Gilluly (Gilluly 1937). Thirty years later, during
excavations of Aarchaeological 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.
Forest Service and Bureau of Land Management located
additional obsidian sources {(and several associated workshops)
in the wvicinity. 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 sourceé 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.

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

seguences were present. Reported in the surface assemblages

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

large amounts of waste flakes. The repcrted artifacts and

debitage 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 purposeé rather
than the resolution of specific research questions. 1In
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‘useﬁul 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. 1In 1980,
Hall and Nachtwey (1980a; 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 (35UN®5), Ladd Canyén (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 three 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
innundate the Pilcher Creek archaeological site (35UN147) and
that excavation would be required to salvage the data. In
subsequent investigations obsidian debitage and tools were
recovered in contexts pre-dating the deposition of Mt. Mazama
Ash at the site (ca. 6700 BP) and in association with artifacts
similar to those found during the Windust Phase (10,000-8000
BP) on the Lower Snake River (Brauner, Satler, and Havercroft
1981).

Although the 1lithic 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.

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 debitage from more precisely
dated contexts, the Dooley Mountain obsidian resource could be

placed within a more accurate chronolecgical 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 threugh
extensive excavation of obsidian quarry areas and/or numerous
archaeological specimens from the source areas could be dated
through hydration rim dating. Due to limited funds and
manpéwer, neither approach was feasible. However, the
recovery of obsidian tools and debitage during excavations at
the Marshmeadow, Ladd Canyon, and Pilcher Creek sites and the
coliection 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 Xknown
obsidian sources in the region, those items correlated with the
Dooley Mountain sources could then be used to place the use of
the Dooley Mountain obsidian within a chronological framework.
Thus, 1if an artifact dated in excavations at 1200 BP was
correlated to the Dooley Mountain vicinity, then it could be
demonstrated that the Doocley 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 obsidianvsources
within a chronological framework contains the following

problems.

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

(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 unigque chemical nature. Obsidian is primarily
an aluminosilicate, 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 cther 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 Jdaho was made available by Charles Knowles
for this research project. Second, and importantly, the
obsidian sourcing project 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 apprcach 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

0of the patterned behavior o¢f the members of an extinct

Bidi bt il o
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society." These patterns contribute to the formation of the
archaeological record and are potentially informative about
the wéys 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" 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 éll 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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static sites, 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 available and abundant basalt, with lesser amounts of
non-local cryptocrystalline material and obsidian. 1In 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 1in these
assemblages. Other non-local materials such as obsidian would
regquire more investment to procure; it thus comes as no
surprise that obsidian accounts for less than 2% of the raw
material at these sites. 1Ignoring 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 archaeclogical record are valid, then it
is expgcted that the obsidian sample from these sites will

contain higher fregquencies 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 neighboriﬁg groups
and trading partners is largely ignored in this apprcach.
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 adjaéent 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 géology of the study area is

especially germane to this study. Not only have geological

g
¥
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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 Bllie 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
younger rock units by faults and shear zones. 5uch 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 Middie
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 magmatically assimilated in the roots of
volcanic island‘arcs. Uplift of the area, combined with large
scale block faulting during the Cenozoic produéed 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
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.

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 inhomogeneites, such as obsidian flows and
large boulders to form a somewhat irregular topography in
detail." From Stices Guléh 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 "dcubtful
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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 cm) have been reported
at nearby locations (Department of Commerce 1965). Winter
daily maximum temperatures average just barely above freezing
and temperatures well below zeroc are not uncommon during the
winter months.

Summers, on the other hand, are characterized 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 Ideho. 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 1n September.
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Available paleoceclimatic data from sites throughout the
Pacific Northwest suggests that there have been several
climatic fluctuations during the last ten to fifteen thousand
years. This id’ea 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 b-y Antevs (1948) and coined the Neothermal Sequence.

;I‘he 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 vyears ago. The final period with climatic
conditions roughly similar to the present bega‘n 4500 years ago
and was called the Medithermal (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
modAel 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, 200
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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, extrapolatiohs about
human behavior from the paleoclimatic data must be made with

considerable caution.
Biota

Scils 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 so0ils
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 foﬁnd 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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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 g

- are very common when rhyolitic magmas are involved. These
eruptions also c¢an 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, ,i
- 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
E and falls to be incorporated as volcanic ash, pumice, and
P% crystal fragments in tuffs and tuffaceous sediments. :
; =
% Significantly though, a large part is erupted as hot, high 3%
’@5 density suspensions that retain much of their internal heat and g
: : i
@% flow as turbulent mixtures down the slopes of volcanic cones é;f
o (Walker 1970:98). The areal extent of these flows depends
@% primarily on the volume of ash erupted and the terfain over
:i which they travel and can exceed distances of 60 miles (100 km) :
P; (Ross and Smith 1961:22). In extremely violent eruptions, ash %




i

36

flows can cover a thousand square miles in a matter of hours or
days. Others related to small fissure wvents 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 2zone "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 vitrcphyre (Sappington 1981:133). Additionally,
vitrophyre contains distinct crystals which can be detected
macroscopically. On a microscopic basis, these crystals often
appear flattened. Tﬁis flattening results from the crystals
being sgueezed and distorted by the overlying pressure and

weight of the ash flow (Ross and Smith 1961:4). Obsidian, on
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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 electroﬁagnetic
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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source, and a dysprosium secondary target. These components
are linked with a Tracor Northern NS-623 8192
analog-to-digital convertor, a PDP 11/05 computer, and a
Decwriter Il 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), strontium (Sr), yttrium (Y),
zircenium (2r), 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, 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 geomelry could be more closely controllied.
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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 1is 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 " (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. ¥While the groups may overlap
somewnat, their respective "territories" are not
identical. To summarize the position of a group we
can compute its "centrcid." A group centroid is an
imaginary point which has coordinates that are the
group's mean on each of the variables [Klecka
1980:16].

As groups are described and characterized, +*hey 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's centroid.
Consultation with a table cof F-statistics indicates whether or
not the amount of separation between groups is statistically
significant. Conseqguently, 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 grcups separated, the discriminant functions
are then used to predict the group to which the case most likely
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" (Klecka 1980:42). 1In
general, this involves measuring the distance between the case
and each group's centroid.

Assuming that each group comes from a populaticen with a
multivariate normal distributiocn, "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" (Xlecka 1980:45). By knowing that
distance we can calculate the proportion of cases that are
closer and the preoportion of cases that are further away from

the centroid. Consequently, this makes it possible <tc

~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

[P
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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
cf group membership P(X/G) 1is wvery 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" (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 analyzed artifacts from Dirty Shame Rockshelter
(Sappington 1982) were correlated with source groups at
acceptable probabilities, only 59% of the 283 items from
central Oregon sites were so correlated (Sappington and Toepei
1981:241). This suggests that for the southeast Oregon area
and the sources near Dirty Shame Rockshelter, most cbsidian

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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TABLE 1
Summary table of between group differences
ACTICUK VAKS WILKS?® MINLiUM . )
STEP CMIEKREL REMPOVED In LANRDA sIG. D SQUARED €iG. BETWELCAN GROUPS LARLL
I PIRZ 1 C.3LC605 0.0000 0.189690-01 2.7225 832 LI
2 POA 2 0.006€7¢ C.D2000 0. 33943 g.187¢C 801 806
3 PIR] 3 JeJ034225 0.J300 0.9T7483 J.023¢ acl 806
4  PaR2 4 3.99C617 C.UGIQ 1.3033 0.21517 8Cl 813
5 PSH 3 P.00C534 C.0JN0 l.5d4h 0.07413 ags a13
6 PIR o 0.23120310 0.0900 2.9986 0.9C37 a0l g13
H PN 5 V.00C335 C.9C09 1.52917 C.2140C 8Cl1 Ul}
d PHE -3 2.092153 C.0CID 1. 71463 J.Cl12 8cl u1;
9 tTE1L ? 0G.22C326 C.9C29 2.3536 0.2¢22 ool ﬂl}
19 PSH 8 0.030C23 €.31)9 2.51517 C.0C26 aol al13
TABLE 2
Canonical Discriminant Functions
CANONICAL OISCRIMINANT FUNCTIONS
PERLCEMT OF CLUALULATIVE CANONIC AL : AFTLR
FUNCEICN  CIUEAvVALLE VAF [ArCL PEHCENT CORRELATION ¢ FUMCTION wILKS® LAMUUA  Ctll -SQUARED D.F. SIGNIFICANCE
H o C.C002226 21385.1 ae a.Ccccy
1= dC.975 2 86, 32 80, 32 J.933819 3 1 C.0I18544 1402.17 10 0.0C20
Zw 11.874%¢€2 11.78 52.1) Ce9623993 2 2 J.0236584b 832.8C 54 o.CC2¢C
¥ 4. T45GC 4.71 56.81 HS.9008416 @ k) C13728623 4492.85 4C 0.3C23
G% 1.83522 1.47 4. 09 J.dUG LY @ 4 C¢.2965804 2025 e 0.C
5% 1.16220 1.15 59. 84 . 7332551 H S C.33T8025 34,183 18 d.012¢C
[ Jell5%) n.11 59.%6 2,3211846 3 [ C.G58G12Y S. 801717 1¢ V4575
[ Je262¢1 Oa. V4 1C5.¢C) D .2221664 3 i 0.5911519 0.5C15¢C 4 0.97133
ge Jel)leb N tcao. Cv Jo Ja 14l 44 H
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Table 4 (continued)

FREDICTEC GROUP MEMBERSHIP

NO. OF ]
2CTUAL GRUUP CASES g0’ BCA 829 813 812 812
GRULY ezl 2) 4 1 ¢ ? 1 N
DREMSEY £.CX 5.0% 0.0% Ca3% 5.2 23.04
GRULP ac2 20 c o ¢ o 9 ¢
SHUFWAY RANCH €.0% 0.9% 0.0% 0.22 0.1 0.C3
GROLP aa3 9 ¢ 0 0 u 0 c
CUYCTE-RUCKEDARD c.C3 0.0t 0.C% g.08 0.2 g.c1
GRCLP 80s 27 ¢ o o 0 3 ¢
PETPCGLYPHS c.C2 0.01 0.cg 0.0¢ T.9% u.c3
GROUP acs 20 9 (] ¢ 0 9 ¢
GREGURY CREEK c.cx 0.08 0.0% 0.0t 2.9% c.C3
GRULP 896 29 ¢ 0 0 9 2 G
SENECA : 0.0% 0.91 0.0% 0.02 10.9% c.C2
GPCLP aor 19 is 2 o 0 0 c
CHYHCE A le.5% 10.5¢ 0.0% 0.0% 0.0% 0.01
GRELP acd 1)
Ouyree o C.Cx 90.08 0.cx 0.9% 0.33 19.01
GACLP 809 17
0 9 16 ] o s
TIMEER BUTI(E 7 c.cx 0.0% 94.1% 3.0L 0.9% c.ct
GRLLY 312 12 :
REYACLUS CRIEK c.ot 0.)3 o0.cg 197,32 2.:% c.ci
GRULP 812 4) c 0 0 9 3 c
INCIAN CREEK 0.0% 0.01 0.0% 0.9¢ 92.52 Q.01
GAGLP 813 17 . ,' 0 3 1 12
-
EYELL CFEEK .oz 15.88 0.ct. 0.9T" 5.93% 63.21
LANGALUPEY CASEX 5713 121 22 i 2 174 11
21.88 5.6% t.92 0.312 7.3 1.5%

PERCENT OF "URCUPEC*™ CASES CCRRECTLY ClASSIFiED: 85.J41
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Table 5

Test Case Description

. .. E @
EE . 5 3
— —r n S [+¢]
o E
- = & U=
L~ £ > = (S =, ]
- » o L) Q [~,] | S
Description Reg. No. S 2 = @  ou
C - = - = (2N - <
Secondary .
decortication flake 720.1.1 51 54 17 21.5 812-
Secondary ‘
decortication flake 720.1.2 45 53 18 43.5 812+
Tertiary flake 720.1.3 15 8 1 .3 812+
Secondary '
decortication flake 720.1.4 20 15 .7 812+
Tertiary flake 720.1.5 31 15 1.7 812+
Secondary
decortication flake 720.1.6 32 35 9 5.8 813-
Secondary ‘
decortication flake 720.1.7 36 43 13 16.0 807-
Tertiary flake 720.1.8 13 17 2 1.0 812-
Non-diagnostic
shatter ' 720.1.9 8 5 1 .1 812~
Corner-notched
point 720.1.10 28 20 4 2.4 812+
Non-diagnostic :
shatter 720.1.11 45 9 6 2.6 812-
Biface 720.1.12 96 107 19 95.4 812+

4Source Assignment
807 Owyhee A
812 Indian Creek
813 Ebell Creek

+ indicates accepted source assignment by established criteria
- indicates rejected source assignment by established criteria
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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 Docley Buttes and further east
along the divide.

Raw material near the postulated volcanic center at the
Dooley Mountain summit (Gilluly 1937) consist of dispersed
subangular cobbles and pebbles averaging 2-3 cm. in size.
Cobbles as large as 5-6 cm. are only occasicnally found in the
Docley 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,
opagque and contain small phenocrysts. Some thin flakes are

slightly translucent near the edges.
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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 b‘een 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 cm 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. Lgrge,
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 siivery 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 found 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
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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 Wilderness. 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 cne thousand

prehistoric sites (Robert Nisbet, personal communication
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Fig. 11. Large stemmed lanceclate projectile points
(a=c) and large lanceolate projectile point fragments (d-g).
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Fig. 12. Large square shouldered projectile points
(a-e) and shouldered lanceolate projectile points with
concave bases (f,qg).
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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 item (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 squared
base. Based on morpholégy, 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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Side-notched projectile points.
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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 poinﬁ 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 bi-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 Giveﬁs 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 EP 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 pecint.

Side-notched points smaller than the first two specimens
are generally correlated to later assemblages in both <the
southern Plateau and Great Basin. Stvylistically similar
points generally occur after about AD 1300 along the lower
Snake River (Leorhardy and Rice 1970:20). One specimen (Fig.
l4c) is nearly identical to an obsidian specimen found at the

Marshmeadow site and dating sometime after 590 EP (McPherson

and others 181:622, Fig. 173b).
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The last 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 items to the
Coyote-Buckboard source and one item 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 item (Fig. 15b) has been
manufactured from a flake. Pressure flaking is random 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). The Gatecliff Series dates between

approximately 50CC and 3300 B (Thomas 1981:22). Two of these
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Fig. 15. Corner-notched points with notched bases,
(a~d); large triangular and stemmed points (e-h).
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Stylistically similar points have been recovered 1in
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, 17a-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
morrphologically divided into two types: the Elko
Corner-notched and the Elko Eared varieties. Elkc 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 Elkoe Eared specimens are essentially contemporaneous

(Heizer and Hester 1978:159; Thomas 1981)

It appears the ElKo points appeared earlier in the eastern

-——d N

Great Basin than in the central or western Basin (Thomas
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Fig. 17. Corner-notched (a-d); large corner-notched
(e-j); and side to corner notched (k-o) projectile points.
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a separate category 1is 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
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
1976:295-311). Additionaly, the observation that the lithic
technology of the Tucannon phase "seems <crude and
impoverished" (Leonhardy and Rice 1970:11-14) is one that fits
many of the specimens in this group. Several exhibit very
thick cross-sections and 33% have stacked step fractures.
Whether or not this indicates an unfamiliarity with raw
material or their possible use as expediency tools as suggested
by Binford (1979) is not known.

Six of the ten items in this group were acceptably
correlated with one of the groups used in the analysis. 0Of
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=1)
were rejected on the basis of the obtained probakility
estimates. In three of the four rejected cases, low wvalues of

P(G/X) indicated that these items may be from source grecups

other than those considered here.
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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 (35UNS2) well known for its association with the the
Cascade phase (Womack 1977). It is not surprising then, that
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 extending
from a small ephemeral stream to a point where basal colluvial
rocks contact the surface of the marshy camas meadow. While 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=%
culture bearing trata were encountered in <*his zone
(McPherson and others 1981: 355).

Based on the presence of Mazama Ash, radiccarborn-dated
;harcoal, and typclogical comparisons of artifacts, seven
occupation zones representing three occupation pericds wers
récognized. Occupation zones were correlated with =
stratigrapny, while the occupation periods were definesd by
"observed similarities in the total artifact assemblage
major emphasis placed upon the concurrert cccurrence of
projectile point styles as well as sirmilar lithic

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 Columbia 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=ze lithic technology at the
site during this initial period of occupation contains
"indications of a Levallois-like reduction technology"
(McPherson and others 1981:623) and is centered on the use of
the local Stockhoff Basalt. Like its cccurrence throughout the
site's occupational history, obsidian debitage constitutes
less thanrl% of the raw material types. Obsidian tools were
found even less fregquently.

After this initial occuraticn ¢f the site, there is an
apparent occupational hiatus which may have lasted as long as
two thousand years. Sometime after 2000 BP and before 3400 BP,
the site was re-cccupied by pecrle with an entirely new tool
kit and affected to a significant degree by Great Basin
influences. Many of these tcols appear to have been rapidly
creduced, used only for a short raricd, and then discarded.

Unigque tc COccupation Period II &are the occurrence cf

elaborately incised stones indicztive

Q

f Great Basin influence
{McPherson and others 1881:535-538),
During the second occupation period (Occupation Feriod

iI), and continuing well into thes histcric pericd, the site was
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35UN95  222-8.2 4,5 2 1.0 803- 35UN95  224-7.8 5,6 5 1.6 8§03+
35UN95 . 222-8.3 4,5 2 .8 807- 35UN95  224-7.9 5,6 3 1.0 807-
35UN95  223-6.1 - - - 807- 35UN95  224-7.10 5,6 3 .8 803-
35UN95  223-7.1 6,7 2 .6 803- 35UN95  224-8.1 4,5 2 .9 807-
350UN95  223-10.1 3,4 2 .8 812+ 35UN95  224-8.2 4,5 2 .9 807+
35UN95  224-6.1 6,7 1 1.3 812+ 350UN95  224-8.3 4,5 5 1.0 807-
35UN95  224-6.2 6,7 5 1.4 807- 35UN95  224-8.4 4,5 3 .7 807-
35UN95  224-6.3 6,7 5 .5 803- 35UN95  224-9.2 3,4 3 .9 807-
35UN95  224-6.4 6,7 3 .8 803- 35UN95  224-9.3 3,4 5 .6 807+
35UN95  224-6.5 6,7 2 12.4 807- 35UN95  224-9.4 3,4 3 1.3 808-
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35UM95  224-6.8 6,7 2 .5 803- 35UN95  226-6.1 6,7 5 .6 807-
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35UM95  224-6.11 6,7 2 2.1 807- 35UN95 227-8.1 4,5 2 .6 808-
350M95  224-7.1 5,6 6 14.0 807~ 35UN95  227-11.1 4.5 3 .7 807-
35UN95  224-7.2 5,6 5 4.5 803- 35UN95  228-5.1 6,7 2 1.8 808+
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35UN95  224-7.7 5,6 2 .9 803- 35UN95  229-7.2 5,6 3 1.2 803-







TABLE 10

Flaked obsidian artifacts: Marshmeadow and Ladd Canyon
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Fifteen flakes could not be assigned exclusively to
either strata 2 or 3. I therefore asigned them to strata 2 and
3 which conservatively places their temporal occgurrence
somewhere between 67C0 and ca. 4000 BP (McPherson and others
1981: Table 2]1). Accepted probability estimates indicate use
of the Indian Creek (N=2), Ccyote-Buckboard (N=3), and Owyhee A
(N=1) sources during this period. Items assigned to the
Petroglyphs (N=4) and Owyhee B (N=1) sources were rejected.
One “Ianceolate fp‘i'oj“e::tile point (Fig. 20a), t'ypo'logically
associated with the Cascade Fhase (Leonhardy and Rice 1970) was

acceptably correlated tc the Owyvhee A source.
Strata 3 and 4 {6100-3400 BP)

Fifteen flakes from strata 3 and/or 4 were analyzed and
40% of these were correlated at acceptable probabilities to one
of the sources used in the znalysis (Table 10). Because these
items could not be correizted exclusively to either stratum 3
or 4, they must be viewed zs belonging to a relatively long
period lasting from 6120 =< 3:1C BP (Table 11).

Three of the seven IZlzkes ccrrelated with the Owyhee A
source were statisti ,-1 zscceptable as were three of four
flakes correlated to the Indfian Creek source area. Of the
acceptably correlated debitzge in stratums 3 and 4, all but one
were secondary readuction flakes or thinning flakes The one

primary reduction flake recoverad was correlated to the Indian

Creek area suggesting <that Indian Creek cbsidian was being
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The latter half of this occupation period is represented
by Stratum & (2260-6%0 BP) which contains evidence for "the
most intensive occupaticn of the site" (McPherson and others
1981:483). Five of six fiakes from this period were acceptably
Correlated to one of the sources used in the analysis. Of
these, debitage was acceptably correlated to the
Coyote-Buckboard (N=Z), Owyhee A (N=1), Owyhee B (N=1), and
Indian Creek (N=1) 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) and Owyhee B (Fig. 20h) sources, and a basal-notched
point fragment manufactured from a flake assigned to Timber
Butte (Fig. 20e). Two cbsidian bifaces were recovered from
Stratum 6, but only one, assigned to the Indian Creek source is

deemed to be acceptable (Table 10).
Strata 6 and 7 (2260-100 8P)

The boundary between Strata & and 7 marks the end of
Occupation Period II and the beginning of Occupation III.
Debitage acceptably correlated during this period indicates
continued use of the Coyote-Buckboard, Owyhee A and B, and
Indian Creek scurces (Table 9,11). Other assignments indicate
the use of Gregory Creek and Ebell Creek sources. With the
exception c¢f the Indian Creek source all of the debitage

consists of secondary reduction and thinning flakes along with
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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 debitage samples.

Another possible explanation is that the acceptance
criteria employed in this study is too restrictive, and that
some items 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.

B TR

b e e s T Y TV T BT

e

E I





































PRSI

162

framework.. Consequently, this research should be a

SRR O FR W

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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