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X-Rays, Artifacts, and Procurement Ranges.
A Mid-Project Snapshot of Prehistoric Obsidian
Procurement Patternsin the Fort Rock Basin of Oregon

by Craig E. Skinner, Jennifer J. Thatcher, Dennis L. Jenkins, and Albert C. Oetting

I ntroduction

Without a doubt, the most ubiquitous and highly
preferred type of lithic material found throughout the
archaeological assemblages of the Fort Rock Basin is
obsidian glass. The region is literally surrounded by
numerous obsidian sources and these sources of natural
glasswereintensively utilized throughout the long span
of human occupation in the basin. Despite the
importance of obsidian in understanding and interpreting
the archaeological record, however, until very recently
little was known about either the sources of natural glass
that were available or the patterns of prehistoric use of
those sources.

Until less than a decade ago, the number of
geochemically anayzed obsidian artifacts from
archaeological sites in the Fort Rock Basin was very
small. Prior to 1993, only two investigations had been
undertaken-an intriguing but methodologically flawed
project reported by Sappington and Toepel (1981) and a
small study at the Fort Rock and Connley Caves
described by Skinner (1983). In 1993, the final report
for the Buffado Flat Project was completed and the
results of thefirst significant number of geochemically-
analyzed artifacts from the Fort Rock Basin were
reported (Hughes 1993; Oetting 1993). Interestingly, the
results of thisinitial large-scale investigation revealed
the presence of a significant number of unidentified
obsidian sources among the analyzed artifacts.

There was clearly a need to investigate both the
regional sources of obsidian and to increase the corpus
of characterized artifacts available for analysis and
interpretation. 1n 1995, the University of Oregon began
to increasingly focus on identifying and understanding
the prehistoric use of the sources and since then the pace
of obsidian trace element provenance and hydration
analysis studies has picked up dramatically. To date,
more than 1,600 specimens from sites within or along
the border of the Fort Rock Basin have been
geochemically characterized. At the same time, in
excess of 900 artifacts have been subjected to obsidian

hydration analyses. Concurrently, Northwest Research
Obsidian Laboratory began a systematic geochemical
survey of obsidian sources in the potential Fort Rock
Basin source regions of central and eastern Oregon,
Cdlifornia, and Nevada. We have now completed the
trace element analysis of several thousand geologic
specimens from scores of different sources, including
many of those found in or near the Fort Rock Basin
region (Skinner 1999; Northwest Research Obsidian
Studies Laboratory 2003a).

Prehistoric Obsidian Use
Through Spaceand Time

The overall objectives we have developed to
guide our obsidian artifact and source research to date
are quite straightforward:

1. Toidentify and geochemically characterize
the natural sources of obsidian in and
adjacent tothe Fort Rock Basin. Inorder to
identify the sources of the obsidian
artifacts, it is plain that we must first have
found their geologic sources, a
methodological step in artifact provenance
studies that is often neglected in the rush
for archaeological results. Itisalso critical
that we understand and map the secondary
distribution of source material in the basin.
A variety of natural transport processes can
distribute obsidian at considerable distances
from primary source areas.

2. To geochemically characterize significant
numbers of artifacts from key
archaeological sitesin the basin. When it
comes to interpreting obsidian provenance
data, size matters. A robust anaysis of
regional prehistoric obsidian userequiresan
adequate number of geographically
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222 Craig E. Sinner, Jennifer J. Thatcher, Dennis L. Jenkins, and Albert C. Oetting

dispersed archaeological sites and a
significant number of characterized
artifacts. Thisisparticularly truein an area
such asthe Fort Rock Basin in which many
different sources of glass were utilized.

3. To describe the geographic and spatial
distribution of the characterized obsidian
artifacts.  What are the measurable
attributes of the Fort Rock Basin prehistoric
obsidian procurement systems and what do
they say about prehistoric behavior? Were
some sources preferentially used and why?
What was the procurement range of the
prehistoric inhabitants of the basin? How
do the patterns of obsidian use reflect
movement, interaction, and contact both
within the Fort Rock Basin and between
adjacent or nearby lake basins and
geographic areas?

4. To explore the temporal patterns of
prehistoric source use with temporally-
sensitive artifact types, obsidian hydration
measurements, tephrochronologic clues,
and radiocarbon dates. How did patterns
of prehistoric source use change over time,
and what cultural processes or environ-
mental influences might have been
responsible for these changes?

For the geochemical characterization analysis of
both sources and artifacts, our preferred method has
been energy-dispersive X-ray fluorescence (EDXRF)
analysis. This method is nondestructive, rapid and
accurate, relatively inexpensive, and perhaps most
importantly, is easily accessible to us (Northwest
Research Obsidian Studies Laboratory 2003a). In
addition, geographic information systems (using
ArcView) techniques are used to map and examine the
geographic patterning of the prehistoric obsidian use that
isrevealed by these geochemical investigations.

In the research that is summarized here, we discuss
the current state of obsidian source studies and artifact
provenance and hydration research in the Fort Rock
Basin. Wea so offer some preliminary observationsthat
are beginning to emerge from the data about the patterns
of prehistoric use, particularly those related to overall
procurement ranges and directionality. However, we
would like to emphasize that the data reviewed here are
only asnapshot intime of along-term project that isstill
actively in progress - our database of source and artifact
information is rapidly expanding and we have scarcely
begun with our analyses and interpretations.

Obsidian Sourcesin the
Fort Rock Basin Region

Many different sources of obsidian have been
identified within the Fort Rock Basin and in the region
bordering the basin (Ambroz 1997; Hughes 1986;
Northwest Research Obsidian Studies L aboratory 2003b;
Sappington 1981a, 1981b; Skinner 1983, 1999; see
Figure 2). Three of these - Cougar Mountain, Silver
L ake/Sycan Marsh, and Hager Mountain - are found in
archaeologically significant quantities within the
boundaries of the old pluvial lake shoreline and were
locally availablein large quantities. Wewere somewhat
surprised, then, when initial EDXRF studies of artifacts
from several Fort Rock Basin sites indicated the
presence of numerous additional sourcesthat showed up
as unknowns among the characterized artifacts (Skinner
etal. 1995). Slightly earlier trace element investigations
of artifacts associated with the Buffalo Flat Project
(Skinner et al. 1995; Oetting 1993) had also pointed to
the existence of many different unknown obsidian
sources in the region. Because of this, a systematic
search for new regional sources of obsidian wasinitiated
and is currently underway. A concurrent study of the
Silver Lake/Sycan Marsh source, one of the two most
commonly utilized sources in the basin, has also been
recently completed by Thatcher (2001). As obsidian
source research has progressed in recent years, we have
identified many of the formerly unknown obsidian
sources. Several, such as Yreka Butte and Brooks
Canyon, have been found in the region immediately
adjacent to the basin. Others such as the multiple
geochemical varieties found in association with the
Glass Buttes Source Complex (Ambroz et a. 2001;
Northwest Research Obsidian Studies Laboratory
2003b) have been identified from somewhat more distant
areas.

Geochemically characterized nodulesfromthethree
locally available sources have been found at numerous
primary (for Cougar Mountain) and secondary (Hager
Mountain and Silver Lake/Sycan Marsh) localities
throughout the basin. Rounded pebbles of obsidian from
these sources can be found in many of the shoreline
deposits in the basin (mapped by Forbes [1973] and
Freidel [1993]). Nodules of glass have been reported
from archaeological contextsin the PaulinaMarsh-Silver
Lake Subbasin (Jenkins 1994c; Jenkins and Aikens
1994; Thatcher 2001), in lake deposits in the Cougar
Mountain vicinity (Forbes 1973; Allison 1979; Skinner
1983), andinlapilli-tuff deposits near Cougar Mountain
at Table Mountain (Heiken 1972). Obsidian pebbles
collected from a borrow pit excavated in alarge gravel
bar situated immediately southeast of Cougar Mountain
was chemically characterized and, not surprisingly,
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proved to originate from the nearby Cougar Mountain
source (Northwest Research Obsidian Studies
Laboratory, unpublished research). In addition, small
pebbles of obsidian that were too small for tool
manufacture are found in the vicinity of the Bergen Site
(35-LK-3175). Thesewereanalyzed and correlated with
the Quartz Mountain source located not far north of the
Fort Rock Basin.

Details concerning the many obsidian sources that
are found represented among the characterized artifacts
from Fort Rock Basin sites are beyond the scope of this
current discussion. Ongoing research and references
about the geology, geochemistry, and prehistoric use of
the obsidian sources that are identified anong Fort Rock
Basin artifacts can be found on the World Wide Web
(Northwest Research Obsidian Studies Laboratory
2003a, 2003b).

Results of XRF Trace Element Studies
of Obsidian Artifacts

In this section, we summarizethe results of thetrace
element analysis of 1,674 obsidian artifacts recovered
from 29 archaeological sites located in the Fort Rock
Basin (Figure 1, Table 1). The vast mgjority of the
artifacts were analyzed by Geochemical Research
Laboratory (N=473) and Northwest Research Obsidian
Studies Laboratory (N=1,195) using EDXRF
nondestructive methods. An additional six specimens
were destructively analyzed with a wavelength-
dispersive X-ray fluorescence spectrometer formerly
operating at the University of Oregon (Skinner 1983).
We did not attempt to include the earlier XRF analyses
reported by Sappington and Toepel (1981). Their
significant but problematic early study used a very

Flgure 1. Shaded relief map showing Fort Rock Basin archaeologlcal Sites at WhICh obsdlan
characterization and hydration studies have been undertaken.
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Table 1. Summary of obsidian provenance and obsidian hydration-related archaeological projectsin the Fort Rock Basin;
additional information about many of these sites can be found in Aikens and Jenkins (1994a).

XRF OH Sub-
Site Name Trinomial N= N=! Basin? Reference(s)®
Bergen Site 35LK3175 137 66 FR NWR 1998-91, 1999-06, 1999-71; Helzer 2001
BigM 35LK2737 15 14 SL Jenkins 1994c; NWR 2001-23
Boulder Village 35LK 2846 103 57 SL (BV) NWR 1998-35; O’ Grady 1999
Bowling Dune 35LK2992 23 - FR Hughes 1995
Buffalo Flat Several Sites 423 362 CL Hughes 1993; Oetting 1993; Jones et al. 2003
Carlon Village 35LK 2736 170 117 SL NWR 1997-82, 1998-90, 1998-95; Wingard 1999, 2001
ClamAl 35LK3176 6 4 FR NWR 1999-06
Connley Caves 35LK50 354 163 SL Sappington and Toepel 1981; Skinner 1983; NWR 2001-
23, 2001-62; Thatcher 2001
DJRanch 35LK2758 30 3 FR Hughes 1995
Duncan Creek NA 5 - SL NWR 1998-71; O’ Grady 1999
Fort Rock Cave 35LK1 1 - FR Sappington and Toepel 1981; Skinner 1983
GP-2 35LK2778 23 7 FR NWR 1995-53
Locality 111 35LK 3035 133 65 FR NWR 1995-53, 1996-29
North Lake School 1136 _NLS 1 1 1 FR NWR 1999-06
Playa9 35LK2909 14 - SL (BV) NWR 1998-71; O’ Grady 1999
Ratz Nest 35LK2463 14 - SL NWR 1998-71; O’ Grady 1999
Sage 35LK1003 1 1 FR NWR 1995-53
Scott's Village 35LK2844 32 - SL NWR 1998-71; O’ Grady 1999
Silver Lake NA 50 50 SL NWR 1998-81; Wingard 1999
Silver Lake N. Shore NA 15 - SL NWR 65-464
Stone Circle Site NA 75 - FR NWR 1999-58, 2002-52; Unpub. Research (UOXRF Lab)
Teri’sHouse 35LK2833 6 - SL (BV) NWR 1998-71; O’ Grady 1999
7PC 35LK2837 3 - SL (BV) NWR 1998-35; O’ Grady 1999
8 USA 35LK2834 11 - SL (BV) NWR 1998-35, 1998-71; O’ Grady 1999
10US 35LK2831/32 18 - SL (BV) NWR 1998-71; O’ Grady 1999
13DJ NA 3 - SL (BV) NWR 1998-35; O’ Grady 1999
14DJ NA 3 — SL (BV) NWR 1998-35; O’ Grady 1999
14 GP1 NA 4 - SL (BV) NWR 1998-35; O’ Grady 1999
14 GP2 NA 1 - SL (BV) NWR 1998-35; O’ Grady 1999
Total 1,674 910

INumber of artifacts with measurable hydration rims.

2CL = Christmas Lake; FR = Fort Rock; SL = Silver Lake; BV = Boulder Village Complex.
SNWR = Northwest Research Obsidian Studies Laboratory Project number.

limited number of geologic sources for comparison and
did not report the trace element composition of analyzed
artifactsin comparable parts per million units. Because
of this, we were unable to integrate the results of their
analyses of 283 specimensinto our research database.
Details about specific analytica methods and
procedures used for the EDXRF analysis of most of the
artifacts, and the measurement of hydration rims, are

available at the Northwest Research Obsidian Studies
Laboratory web site at www.obsidianlab.com. Also
available in the research section of the website are the
detailed results of the trace element analysis of all
artifacts discussed here. In the initia stages of the
analysisof obsidian artifactsfrom Fort Rock Basin sites,
numerous unknown sources were noted among the
characterized artifacts. Since that time, our knowledge
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of the occurrence and geochemistry of regional obsidian
sources has grown significantly. Because of this, we
reviewed and updated all source assignmentsin our XRF
data set, resolving many of the different unknownsin the
process. Although published in 1993 as an appendix to
the Buffalo Flat report (Hughes 1993; Oetting 1993), the
trace element work for these siteswas carried out in two
phases in 1989 and 1993. Several of the unknown
sources noted in 1989 (then comprising 29% of thetotal)
had been subsequently characterized by Hughes in the
intervening years but the source assignments of the
earlier XRF analyses had not been updated. Our first
step in approaching this data set was to bring the earlier
1989 X RF results up to date so that they were consistent
with the new sources identified in the later 1993
analyses by Hughes. We then compared the combined
results of the Buffalo Flat data set with the Northwest
Research Obsidian Studies L aboratory source reference
data base and updated and integrated as much of

Hughes' X RF dataas possibleinto our current data base.
During this process, we were able to identify many of
the previously unknown sources, eventually reducing the
number of unknown obsidian sources to about seven
percent of the total. A summary of the results of the
trace element analysis of all Fort Rock Basin artifactsis
presented in Table 2. The locations of the identified
sources are shown in Figure 2.

The sheer number of different geochemical sources
of obsidian identified among the 1,674 characterized
Fort Rock Basin artifacts-46 different known sources
plus severa as yet unidentified sources-is exceptional.
A large proportion of the analyzed artifacts are formed
tools, a sampling bias which undoubtedly elevated the
level of overall sourcediversity. Formed toolsare more
likely to be curated (carried from place to place and
reused) and often disproportionately originate frommore
distant sources than debitage or expedient tools. The
significance of this bias to the current study is that
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Figure 2. Trace element provenance studies of artifacts from Fort Rock Basin archaeological sites.
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Table 2. Subbasin summary of results of trace element provenance studies on artifacts from Fort Rock Basin sites. Figures

3A through 3D are based on these data, also see the research section of www.obsidianlab.com.

Fort Rock Silver Lake Christmas Valley Total
Obsidian Sources N= % N= % = % N= %
L ocal Obsidian Sources
Cougar Mountain 131 305 174 21.2 28 6.6 333 199
Hager Mountain 9 21 30 37 1 02 40 24
Silver Lake/Sycan Marsh 55 12.8 156 19.0 55 13.0 266 159
Oregon Obsidian Sources
Bald Butte 13 3.0 66 80 19 45 98 5.9
Glass Buttes Complex 15 35 43 52 102 241 160 9.6
Newberry Caldera® 5 12 7 09 4 09 16 10
Quartz Mountain 64 14.9 30 37 9 21 103 6.2
Spodue Mountain 32 74 53 6.5 31 73 116 6.9
Other Oregon Sources 59 137 129 157 144 340 331 1938
Variety 5 6 14 79 9.6 10 24 95 57
Unknown 4 79 21 26 20 47 75 45
Northern California and Nevada Sour ces
Medicine Lake? 2 05 4 05 - - 6 04
Warner Mountains Area® 5 1.2 28 34 - - 33 2.0
Mosquito Lake - - 1 01 - - 1 01
Total 430 100.1 821 100.1 423 99.8 1,674 100.3

"Newberry Caldera= Combined Newberry Volcano and Big Obsidian Flow geochemical sources.
2Warner Mountains Area = Blue Spring, Buck Mountain, Cowhead Lake, Rainbow Mines, Sugar Hill sources.
SMedicine Lake = Cougar Butte, GF/LIW/RS, and East Medicine Lake sources.

interaction with other regions should be well represented
in the sample.

Almost 38% of the artifacts originated from the
three sources that are avail able within the boundaries of
the Fort Rock Basin-Cougar Mountain, Hager
Mountain, and Silver Lake/Sycan Marsh (see Table 2).
Nodules of glass are available at many locations in the
Fort Rock Valley Subbasin (Cougar Mountain glass) and
Silver Lake Subbasin (Hager Mountain and Silver
Lake/Sycan Marsh obsidian). However, obsidian from
the Hager Mountain source tends to be smaller in size
and of somewhat poorer quality and is found less often
in artifact collections than the other local sources.

Sourcesfrom areasimmediately adjacent to the Fort
Rock Basin make up by far the largest proportion of the
characterized artifactsfrom nonlocal sources. Themore
significant of these sources (N>10 artifacts) include
Quartz Mountain, Yreka Butte, Brooks Canyon, Glass
Buttes, Big Stick, Bald Butte, Horse Mountain, Coglan
Buttes, Tucker Hill, and Spodue Mountain.

A small proportion of the artifacts (less than one
percent) were correlated with northeastern California
sources located at Medicine Lake Volcano and the
Warner Mountains and with sources found in
northwestern Nevada. The remainder of the identified
sources are located in Oregon in the High Cascades
(Obsidian Cliffs and Carver Flow), the Klamath Lake
Basin (Spodue Mountain, Klamath Marsh 1, Newberry
Volcano (Big Obsidian Flow, Newberry Volcano,
McKay Buitte), the High Lava Plains, and a scattering of
other southeast Oregon sources. The most distant
sourcesin Oregon and Nevadathat were identified were
Obsidian Cliffs and the Carver Flow in the High
Cascades (N=5), Whitewater Ridge (N=4), Venator
(N=1), Gregory Creek (N=2), Beatys Butte (N=14),
Massacre Lake/Guano Valley (N=6), Surveyor Spring
(N=2), and Mosquito Lake (N=1).

The massive pre- and post-Mazama obsidian
sources available within nearby Newberry Caldera
(Newberry Volcano and Big Obsidian Flow chemical
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sources; see MacL eod et al. 1995) accounted for only 16
of the 1,674 characterized artifacts. In contrast, nearly
as many artifacts (N=14) correlated with the Beatys
Butte source located at a considerable distance to the
southeast in the Catlow Basin. This came as something
of asurprise. Based on early trace element studies and
the abundance of obsidian and water in the caldera, the
senior author once suggested that “there was noticeable
traffic between the [Fort Rock] valley and Newberry
Caldera...” (Skinner 1983:Appendix 1 X-15). However,
the evidence from trace element studies of obsidian
found at sitesin the Fort Rock Basin now suggestsrather
limited direct movement or interaction between the
Basin and Newberry Caldera. Similarly, only a small
proportion of characterized artifacts from Newberry
Caldera sites have proven to originate from Fort Rock
Basin sources (Hughes 1999).

Prehistoric Use of Obsidian
in the Fort Rock Basin

Provenance Studies and Procurement Ranges

From small scale (household and site) to large scale
(regional and interregional) levelsof analysis, the spatial
patterning of characterized obsidian artifacts is
influenced by many cultural, environmental, sampling
and analysis variables. The analysis and interpretation
of spatial patterns of source use can provide critical
information about the behavioral and environmental
toolstone procurement variables that account for the
observed distribution of the characterized artifacts.

At the site level of analysis, patterns of source use
may be used to identify the presence of specific activity
areas or even single tool manufacturing events. In
special cases, patterns of source use may indicate
differential access of goods and the existence of non-
egalitarian social structures (Rice 1987).

Attheintersite or regional level of investigation, the
geographic patterning of characterized artifacts may
provide information about seasonal procurement ranges,
acquisition strategies, territorial or ethnic boundaries, the
locations of prehistoric trails and travel routes, the
curation value of particular sources or formal artifact
types, cultural preferences regarding glass quality and
color, the presence of trade and exchange systems, the
existence of intergroup interaction, and the exchange of
prestige items between elites of different groups
(Hughes 1978, 1990; Binford 1979; Ericson 1981;
Skinner 1983, 1995b; Hughes and Bettinger 1984,
Bamforth 1986; Peterson et al. 1997; Dillian 2002).

In addition, the effects of environmental influences
such as the geographic distribution of obsidian sources,

the distance to the sources, the relative location of
alternative or competing sources of lithic materials, raw
meterial quality and abundance, toolstone size, the
distribution of raw materials in secondary deposits, or
the presence of potential barriers such asbodies of water
or mountain ranges, must al be considered (Renfrew
1977; Skinner 1983; Beck and Jones 1990; Andrefsky
1994; Jones et al. 2003). Of particular importance can
be the precision of our knowledge of obsidian source
boundaries. Obsidian associated with fluvial or pluvia
systemsor ash-flow tuffsmay bewidely distributed over
large geographic areas and it is critical to be able to
distinguish between long distance procurement of a
source and local procurement of a widely-distributed
secondary source outcrop (Reid 1997).

Bias may be introduced during sampling by certain
recovery methods, minimum physical sizes of analyzed
artifacts, uneven geographic distribution of sites, and the
use of small numbers of samples (Eerkens et al. 2002).
Lastly, the tools used to analyze the spatial data (e.g.,
trend surface modeling algorithms) may affect the
interpretation of the geographic patterns of obsidian use.

In the current investigation, we make the working
assumption that the obsidian sources found at a given
site or area in the Fort Rock Basin provide what is
essentially a map of the prehistoric territory or range
that was used by the prehistoric inhabitants of the basin.
The processes involved in the cultural distribution of
raw materia from its geologic source may be simple or
complex-trade and exchange, residential, logistical, or
territorial mobility, or direct procurement, perhaps
involving long distances. The activities that led to the
archaeological distribution of obsidian over alandscape
may be poorly known or even unknowable, but
provenance studies provide us with a relatively clear
map of the procurement territory that was involved.
This range is known by a number of different terms
including “procurement range,” “ procurement sphere,”
“procurement system,” “subsistence range,” and
“foraging territory” (Shackley 1990, 1996; Kelly 1992;
Roth 2000; Jones et a. 2003). All are relatively
synonymous. These terms are also approximately
equivaent to the concept of “interactional sphere”
(Struever and Houart 1972) or “exchange network”
(Plog 1977) with the important distinction that the
presence of trade and exchange relationships is not
implicitly implied.

Although trade and exchange are often invoked as
explanations of the processes responsible for the long-
distance procurement of nonloca raw materias, long-
distance direct access or embedded collection of
materials over long distances are well documented and
are probably a more common means of material
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acquisition (Myer 1928; Heizer 1942; Layton 1981,
Kelly 1983; Goodyear 1989; Meltzer 1989; Carlson
1994; Malville 2001). AsMeighan (1992:2) succinctly
points out: “Recognition of ‘alien’ obsidian is not
necessary discovery of an ‘exchangesystem' . ... Other
evidence hasto be brought forward before an ‘ exchange
system’ can be postulated, and in most of the papers
utilizing this somewhat jargonistic term, the ‘ exchange
system’ is assumed rather than documented.” In
practice, the archaeological traces | eft by exchange and
by direct procurement are usually identical and attempts
to distinguish among the two processes are most often
speculative or futile (Goodyear 1989; Meltzer 1989).
Forays may be occasionally madeto gather very specific
resources (see Titiev 1937, and Fowler 1989, for
examples) but it seemslikely that in most areas the bulk
of lithic resource procurement was embedded in routine
seasonal food and resource-gathering activities
(Goodyear 1989; Walsh 1998; Daniel 2001). The
procurement range documented by the distribution of
characterized obsidian artifacts, then, is probably very
similar to the one that was utilized for other activities.

Once adequate data are available (asthey arefor the
Fort Rock Basin), specific attributes and characteristics
of these ranges or systems can be described and
quantified. Following the initial suggestions of Plog
(1977), these include content (in this case, obsidian),
diversity of sources (or other items included in the
procurement system), magnitude, size, boundaries,
directionality, shape, symmetry, and temporal character-
istics and duration, all determinable characteristics that
reflect prehistoric behavior. In this early look at the
prehistoric procurement characteristics of the Fort Rock
Basin inhabitants, we focus specifically on the source
diversity, procurement range size and boundaries,
and directionality. We examine the patterns that are
evident for the three mgjor subbasins-Fort Rock, Silver
Lake (and Paulina Marsh), and Christmas Valley
(Hampton 1964; Freidel 1993, 1994).

Source Diversity

Although the specific artifact sources that were
identified in each subbasin are very similar, therelative
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proportions of obsidian vary considerably (Figure 3).
Obsidian from the local sources (Cougar Mountain,
Hager Mountain, and Silver Lake/Sycan Marsh) makes
up approximately 38 percent of the basin-wide total but
varies substantially among the subbasins. For instance,
the Cougar Mountain source occurs in considerably
larger frequencies in the Fort Rock Valley Subbasin,
almost certainly due to the proximity of obsidian from
that source that is widely available in primary and
secondary deposits. Similarly, thelargest percentage of
Silver Lake/Sycan Marsh and Hager Mountain obsidian
artifacts are found in the Silver Lake Subbasin that lays
adjacent to those two sources. In the Christmas Valley
Subbasin, the most commonly used known obsidian
sources are those found in association with the Glass
Buttes Source Complex situated northeast of the basin.

The number of unknown sources is greatest in the
Christmas Valley Subbasin. However, it is likely that
thisisdue at least in part to the data set that was used for
the analysis and not solely to the presence of unknown
sources in the region surrounding this basin. All of the
characterized Christmas Valley artifacts are associated

Fort Rock Basin
All Subbasins
No Local Sources
(Cougar Mountain,
Hager Mountain,
Silver Lake/Sycan Marsh)

Fort Rock Valley
Subbasin

Silver Lake
Subbasin

1
s

with the Buffalo Flat Project whose artifacts were
analyzed by Geochemical Research. Due to inter-
laboratory differencesin the reporting of trace elements,
we were unabl e to thoroughly reassign known sourcesto
all of the previously analyzed artifacts, leading to a
larger number of unassigned artifactsin this basin.

Directionality of Source Use

Thedirectionality of nonlocal source useisstrongly
linked to the direction and distance of the sources in
relation to the different subbasins (Figure 4). Inthe Fort
Rock Valley Subbasin, inthe northwestern portion of the
Fort Rock Basin, thelargest number of nonlocal artifacts
comes from the massive Quartz Mountain source that is
located a short distance northwest from the basin. To
the south, in the Silver Lake Subbasin, directionality of
source use shiftsdramatically to those sources south and
southeast of this subbasin. Farther east, source use in
the Christmas Valley again is quite different from the
other subbasins and is dominated by northeastern
SOUrces.

Figure 4. a. Rose diagram for al Fort Rock Lake Basin
artifacts;

b. Rose diagram for Fort Rock subbasin artifacts;

c. Rose diagram for Silver Lake subbasin artifacts;

d. Rose diagram for Christmas Valley subbasin
artifacts.

Christmas Valley
Subbasin
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Itisalso likely that the directionality of source use
is influenced by procurement ranges that varied over
time, theresult of environmental change, shifting contact
and exchange relationships, or changes in population
movements or density. In a study of temporally-
sensitive characterized artifacts from the Drews Valley
area (located in Oregon to the south of the Fort Rock
Basin), Connolly and Jenkins (1997) observe that the
directionality of source use changed over time, perhaps
the result of shifting settlement patterns.

Inall cases, thedirectionality of nonlocal source use
appears to be strongly and straightforwardly influenced
by the direction and distance to nearby sources of high-
quality obsidian glass. Giventhat the Fort Rock Basinis
nearly surrounded by these sources, there seemsto have
been little incentive to intensively exploit those sources
that lay elsewhere.

Prehistoric Procurement Range

The prehistoric procurement range may beinferred
from examining the geographic distribution of obsidian
sourcesthat were utilized in the Fort Rock Basin (Figure
5). Theidentified obsidian sources are widely scattered
throughout the entire southcentral and southeast portion
of Oregon, northeast California, and northwest Nevada.
However, the vast mgjority of these sourcesarefoundin
southcentral Oregon and it is evident that the most
significant part of the Fort Rock Basin procurement
rangeisfocused in the region immediately surrounding
the basin and in particular, in the areas to the south and
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east. If we assume that the procurement of obsidian is
most often embedded within seasonal subsistence
activities, then the distribution map of obsidian source
use (particularly those sources that most frequently
appear in the archaeologica record) should be largely
coincident with the overall Holocene subsistence range
of the inhabitants of the Fort Rock Basin.

Given the paucity of obsidian from High Cascades
and Newberry Volcano sources, there is little evidence
that this range extended very far to the northwest. The
large amounts of obsidian from southern sources such as
Spodue Mountain suggest that there may have been
interaction with the people of the Klamath Basin or at
least shared subsistence ranges in the area that lies
between the Klamath and Fort Rock basins. The
relatively small amounts of obsidian from other major
Oregon lake basins (Summer-Abert Lake, Warner,
Harney-Malheur, and Catlow), indicates that there was
much less substantial interaction with those basins.
However, the widespread distribution of locally
available obsidian in all three Fort Rock subbasins
strongly suggests a high degree of internal interaction
and movement throughout the basin.

The Elusive Variety 5

The location of Variety 5, a significant source of
obsidian identified a numerous southern Fort Rock
Basin sites, has remained unknown since its initial
recognition by Hughes (1993, 1995). During the field
work conducted for her thesisresearch, Thatcher (2001)
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Figure 5. Distribution map of the overall prehistoric obsidian procurement range for the Fort Rock Basin.
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searched for this source but was successful only in
locating a single smal nodule (from a drainage
immediately south of Silver Lake) that correlated with
the unknown source.  However, the geographic
distribution of siteswhere Variety 5isfound (Figure 6)
provides us with clues to its approximate position.
Artifactsfromthe Variety 5 source arefound exclusively
at sites in the southern portion of the Fort Rock Basin,
and increase greatly in number at sitesin the immediate
vicinity of Silver Lake (the largest number of Variety 5
artifacts has been found at Carlon Village, on the south
shore of the lake). Although differences in the size of
analyzed collections among the different sites where
Variety 5 obsidian has been found are not taken into
account here, it seems likely—from its distribution and
frequency—that the Variety 5 source will eventually be
found somewhere very close to Silver Lake. The
identification of this unknown and elusive source
remains one of our top prioritiesin the ongoing obsidian
source research being carried out in the basin.

An Early Diachronic View

The analysis of our current and rapidly-expanding
dataset of characterized obsidian artifacts is far from
complete and we have only just begun to carefully
examine the data for clues about temporal patterns of
obsidian use. However, an earlier critique of 566
chronologically diagnostic projectile points provides us
with some indications as to the changing patterns of
source usethrough time in the Fort Rock Basin (Jenkins,

Skinner, Thatcher, and Hoar 1999). In this study, all
arrowpoints were combined to form a single category
(N=256) and al large corner-notch points were
combined as an Elko category (N=180). Theremainder
of the artifacts were represented by 62 Northern Side-
notch specimens and 68 Cascade points. Directionality
of source use was examined in quadrants relative to a
point in the center of the basin. The basic chronologic
order of these points was verified by comparison with
104 radiocarbon dates and our obsidian hydration
analysis results. All dates were converted to
dendrochronologically-calibrated calendrical ages.

Cascade Points. The results indicate substantial
variation in directionality of source use through time.
Cascade points, generally representing Early and Middle
Holocene occupations between 11,000 and 7000 cal. BP,
were manufactured from local obsidian only 30% of the
time. Populations using Cascade points cameto the Fort
Rock Basin from al directions and, based on the
relatively low frequency of local obsidian, were
extremely mobile.

Northern Side-Notch Points. Northern Side-notch
points, predominantly made between 7300 and 4000 cal.
BP, were made of local obsidian asurprising 64% of the
time. Northern Side-notch pointswere apparently made
and used locally in the Fort Rock Basin, suggesting that
mobility was substantially reduced during the peak
production period of these points.

Elko Points. Asevidenced by their extreme range
in obsidian hydration values, Elko points are relatively
poor chronologic indicators in the Fort Rock Basin

sample. Although large corner-notch
points may have first appeared more
than 9000 years ago in the Fort Rock

\ Basin, they did not occur in the large
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Arrowpoints. Arrowpoints are good chronologic
indicators with 79% made after about 1900 cal. BP.
Whilein most assemblages arrowpoints generally reflect
predominantly local tool stone sources because they are
small, easily produced, and less easily resharpened, in
the Fort Rock Basin sample they comprise only 41
percent of the specimens. A marked shift in source use
direction to the northeast in the direction of the Harney-
Malheur Basin and the Ochoco Mountains is
accompanied by areduction in the use of local sources
and sources from the southeast. It is clear that in Late
Holocene times people came to the Fort Rock Basin
from the north and east in record numbers. While the
southwest Klamath-Modoc sources remain fairly well-
represented, those of the Lake Abert-Chewaucan and
Warner Valley sourcesto the southeast fell drametically.

Conclusions

Our initial trace element characterization studies of
obsidian artifacts from sites located throughout the Fort
Rock Basin indicate that an extraordinary variety of
local and nonlocal sources were used. The distribution
of these sources is used to map and define the overall
prehistoric procurement range of the people that
inhabited the Fort Rock Basin during the very late
Pleistocene and throughout the Holocene Period. An
intrabasin look at the geographic distribution of utilized
obsidian sources demonstrates significant differencesin
directionality and intensity of use among the three sub-
basins. Thisis likely the result of the straightforward
influence of distanceto high-quality sources of obsidian.

Looking back at the four research objectives
outlined at the beginning of this chapter, it's clear that
we have now made significant progress on three of the
four—sourceidentification, artifact characterization, and
theidentification of basin-wide patterns of obsidian use.
Continued studies of regional obsidian sources - their
geochemistry, occurrence, and boundaries - and the
identification of unknown sources (particularly Variety
5) are still warranted and arein progress. Also required
arefurther trace element investigations of artifactsfrom
alarger collection of geographically diverse siteswithin
thebasin. Theseincreased numbersof analyzed artifacts
will also alow usto look at other related issues such as
those of source diversity and sample size. We can aso
expand the database of interbasin procurement and

contact information to include archaeological sites
outside the basinin which local Fort Rock Basin sources
of obsidian have been found. For example,
characterized artifactsfrom Cougar Mountain have been
found at many sites outside the Fort Rock Basin
(Skinner and Winkler 1991, 1994; Musil and O’'Neill
1997) and will provide clues about the procurement
ranges and interaction of prehistoric people from the
Fort Rock Basin and surrounding regions.

This large dataset will also provide us with the
necessary information with which to examine other more
genera methodological aspects of obsidian studies. The
effect of sample size on diversity in archaeological
assemblages is a topic that has received previous
attention in the archaeological literature (Leonard and
Jones 1989). What is the relationship of the number of
analyzed samples and the number of different obsidian
sourcesidentified in acharacterized assemblage (source
diversity)? How many artifactsdo we needto analyzein
order to be confident that we have identified all
significant sources? How does the geographic
proximity (distance and direction) of sources relate to
obsidian use and source diversity? How does the
selection of categories of artifactsfor analysisinfluence
the results of provenance studies? For example, it is
evident that agreater number of obsidian sourcesaswell
asmore distant sources are usually found among formed
tools such as projectile points and bifaces. How canwe
strategically select different categories of artifacts to
look at different facets of procurement systems? The
results of the trace element and hydration analysis of
large numbers of Fort Rock Basin artifacts hold the
potential to not only reveal details about the prehistory
of the basin but aso contain the promise of
understanding more far-reaching issues related to
provenance studies.

Regarding theidentification of temporal patterns of
obsidian use, we are well under way with the collection
of the necessary typological, radiocarbon, and obsidian
hydration data needed to clarify our early impressions.
When completed and compiled, the chronologic
information will allow considerable further refinement
of the temporal issues of source use. The early look at
Fort Rock Basin obsidian studies presented here clearly
points the direction for future related research in the
basin. Stay tuned.
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