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Abstract
We compare the organization of obsidian flaked stone technologies in two different time periods at CA-INY-30, a village site in southern
Owens Valley, eastern California. Previous archaeological studies suggest a reorganization in settlement patterns between the Newberry (ca.
3500e1500 BP) and Marana (ca. 650-contact) periods, from a highly mobile to a more residentially sedentary one. New geochemical data, based
on laser ablation-inductively coupled plasma-mass spectrometry (LA-ICP-MS) analyses of obsidian artifacts associated with discrete house
floors, support this basic settlement model, but reveal new detail in how people moved across the landscape and accessed, extracted, reduced
and used obsidian resources. In the earlier Newberry period, there is no relationship between flake size and distance-to-source, and the falloff
curve relating frequency of obsidian against distance is more gradual, as expected, but contrary to our expectations, source diversity is not higher.
These factors suggest extremely high mobility, but also selective extraction of particular sources. Newberry obsidian may have been acquired by
groups of hunters who embedded quarrying within long-distance trips to distant hunting grounds, and subsequently transported bifacial cores to
base camps. By contrast, Marana patterns show strong relationships between flake size and distance from source and steeper fall-off curves,
suggesting groups acquired their obsidian primarily from closer sources, likely via exchange networks. At the same time, geochemical diversity,
especially among smaller resharpening flakes, is higher in the Marana period, highlighting the wide-ranging conveyance systems through which
obsidian moved.
Ó 2007 Elsevier Ltd. All rights reserved.
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1. Introduction
Obsidian studies in California and the Great Basin have been
immensely useful to archaeologists. Not only can we date sites
and individual artifacts using hydration, but we have learned
much about a range of prehistoric behaviors including settlement patterns, trade and exchange, and the organization of
hunting and lithic technologies. New and developing analytical
techniques allow us to ask increasingly refined questions of the
archaeological record.
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We report and discuss compositional analyses to determine
source provenance of obsidian flakes associated with 10 house
floors in Owens Valley using laser ablation-inductively coupled plasma-mass spectrometry (LA-ICP-MS). This technique
is nearly non-destructive, requires little sample preparation,
provides rapid results, and can have high throughput for small
items (ca. 6 artifacts per hour), making it a cost-effective alternative to other techniques. More importantly, LA-ICP-MS allows archaeologists to determine source provenance for
extremely small artifacts, even those less than 1 mm in size.
This is an important development because it allows archaeologists to easily analyze artifacts not suitable for other commonly used techniques, such as X-ray fluorescence (XRF).
XRF requires samples to be larger than approximately 8 mm
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in diameter and 1.5 mm in thickness (Davis et al., 1998;
though these limits vary slightly depending on equipment
and the level of precision needed). Selecting larger artifacts
for analysis can introduce significant distributional bias that
has the potential to alter interpretations of prehistoric behavior
(Eerkens et al., in press).
In this paper we test a settlement model that has been put
forward for the Western Great Basin. This model suggests
that inhabitants practiced high mobility prior to 1500 years
ago, shifting to a system marked by much greater settlement
stability 650e150 years ago. The intervening period between
1500 and 650 BP has been less well studied, but seems to conform to low mobility (Eerkens, 2003). The traditional viewpoint regarding high mobility prior to 1500 BP has been that
movements were largely residential in nature (Basgall, 1989;
Bettinger, 1989, 1999a; Delacorte, 1999), with entire groups
of people picking up and moving together across the landscape. More recent research (e.g., McGuire and Hildebrandt,
2005; McGuire, 2002) argues that mobility was high, but
was largely centered on logistically organized activities, especially hunting.
The model has been developed from regional excavation
and survey data, primarily in Owens Valley. This paper tests
the model from the perspective of a single site in Owens Valley, CA-INY-30, based on new geochemical and metric data
on obsidian artifacts associated with individual houses.
2. Models of lithic organization
Over the last 25 years archaeologists have developed a number of theoretical models to explain and predict the composition of lithic assemblages based on both basic economic
principles and analogies to ethnographic examples. Building
on foundational work by Binford (1979); Luedtke (1976),
and Renfrew (1977), a common theme running through these
models examines the interplay between mobility patterns and
toolstone acquisition (e.g., Bamforth, 1986, 1990, 1991; Basgall, 1989; Beck et al., 2002; Brantingham, 2003, 2006;
Cowan, 1999; Jones et al., 2003; Kelly, 1988; Kuhn, 1989;
McGuire, 2002; Parry and Kelly, 1987; Roth, 2000; Shott,
1989, 1994).
In these models, as hunting and gathering groups perform
various activities, they deplete and replenish their supply of
raw toolstone in a patterned manner, leading to the deposition
of structured assemblages of artifacts of different types, sizes,
and raw materials. A basic distinction within many models
concerns the acquisition of toolstone by residentially mobile
versus residentially stable groups. These models suggest that
residentially mobile groups often acquire toolstone directly
by embedding raw material extraction within other subsistence
activities and transport such materials to places where they are
needed. Spent and broken tools are discarded and replaced
with new ones as groups encounter sources of raw material
on the landscape. By contrast, residentially stable populations
often either directly procure and make use of inferior and locally-available materials or acquire higher quality raw materials indirectly through trade. However, toolstone access for
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stable populations may be tempered by the degree of logistical
mobility, where greater distances covered during logistical
trips may allow knappers to directly access a more steady supply and a greater range of non-local and/or higher quality materials (Binford, 1979, 1980).
As a basic model, we find the distinction between mobile
(logistical and residential) and sedentary populations useful
for deriving predictions for the archaeological record. We realize such a black-and-white model is oversimplified in that
mobility is often organized along a range of different axes beyond merely the degree of residential permanence (e.g., Kelly,
1983). Indeed, our analyses below point out some interesting
departures from this basic model that highlight important details in how hunter-gatherers in the Owens Valley integrated
various aspects of mobility within the organization of their
lithic technologies. From these basic models, we derive these
predictions:
Prediction #1: Lithic materials in an embedded and mobile
settlement system will be, on average, from further away
than those in a more restricted settlement pattern. As
well, when the percentages of lithic materials from different sources are plotted against distance, more distant sources will comprise a greater percentage of the total tool
assemblage resulting in a more gradual ‘‘fall-off’’ curve
(Renfrew, 1977). The steepness of this curve is inversely related to the degree of mobility, as measured by the distance
covered.
Prediction #2: All other things being equal, flakes from more
distant sources will be larger in size, on average, within the
mobile system. Such flakes should also be more variable in
size, representing a greater range of reduction activities including both earlier shaping and later finishing debris in
more restricted settlement patterns, flakes from distant sources should be smaller and consistently so, representing primarily resharpening behaviors.
Prediction #3: Assuming lithic resources are distributed
fairly evenly across the landscape, the diversity of lithic
materials within the mobile system will be higher than
within the more restricted one. This is due to the larger territory covered by the more mobile group and the greater
distance across which they transport tools in various states
of reduction.
Again, these predictions are based on an oversimplified
model of settlement pattern and toolstone acquisition, but are
useful for guiding our observations of the archaeological record.
Other factors, such as quality of raw material, the size and types
of tools produced, and the degree to which settlement patterns
are fixed or range spatially across the landscape will modify
these predictions. Where possible, we attempt to account for
these other factors.
3. Owens Valley, California
Owens Valley is in eastern California (see Fig. 1) and is home
to the Owens Valley Paiute. The valley lies at the intersection of
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Fig. 1. Map showing CA-INY-30 and relevant obsidian sources.

two large and traditionally recognized North American ‘‘culture
areas,’’ California to the west, and the Great Basin to the east.
The valley was the site of important ethnographic fieldwork
in the 1930s by Julian Steward (e.g., 1933), and has received
considerable archaeological attention over the last 30 years
(e.g., Basgall, 1989; Basgall and McGuire, 1988; Bettinger,
1983, 1989, 1999a,b; Delacorte, 1999; Eerkens, 2003, 2004;
Gilreath and Holanda, 2000).
Owing to the high degree of volcanism, the region surrounding Owens Valley contains many sources of obsidian, a raw material that was intensively used by prehistoric inhabitants.
Typically, obsidian accounts for 90% or more of flaked stone
materials at prehistoric sites, with only small amounts of chert,
basalt, and other flakable toolstone. Our analyses are focused on
obsidian for the obvious reason that it is dominant in local flaked
stone assemblages, but also because it can easily be analyzed for
provenance, providing information on its extraction, reduction,
and movement.
For the present study, we examine obsidian artifacts associated with discrete house floors at CA-INY-30. At the time the

site was excavated, XRF was the primary geochemical technique used in the region. While a small sample of obsidian artifacts were analyzed at the time by XRF, the vast majority,
especially small flakes, were not because they were too small.
The development of LA-ICP-MS now allows us to analyze all
obsidian artifacts recovered from these floors, providing the
opportunity to refine our understanding of obsidian acquisition
and consumption over time.

3.1. Culture history
The basic culture historical sequence in Owens Valley has
been well established through survey and excavation (e.g.,
Bettinger, 1989; Bettinger and Taylor, 1974). For this paper,
the last 2000 years of prehistory are of interest encompassing
three culture historical units. Locally these are referred as the
Late Newberry (ca. 2000e1500 BP), Haiwee (ca. 1500e600
BP), and Marana (600 BP to contact). For this study, we focus
on the Late Newberry and Marana periods.
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Late Newberry patterns are marked by highly mobile populations moving in a northesouth annual round that included
the establishment of a number of base camps from which
various logistical activities took place (Bettinger, 1999b;
Delacorte, 1999). It has been argued that a focus on large
game hunting using atlatls, mainly for prestige-seeking males,
characterized this period (Hildebrandt and McGuire, 2002;
McGuire and Hildebrandt, 2005). There is also ample evidence that obsidian stoneworking, primarily for producing
bifaces, peaked at all the major obsidian quarries (Gilreath
and Hildebrandt, 1997). Whether such bifaces were produced
for exchange or to support increased hunting activities is not
yet known.
By contrast, the Marana period (600 BP to contact) is
marked by semi-sedentary settlements and the introduction
of new material technologies. A new type of projectile point
is introduced, the Desert-Side Notched (DSN), as well as
cooking pots, which were used to boil the increasing levels
of small seeds that were harvested (Eerkens, 2004). There is
also a marked increase in the density of groundstone and a focus on the harvesting of ‘‘green’’ pi~
non nuts, that is, cones that
are not yet naturally ripened (Eerkens et al., 2004). All of this
indicates a heavy reliance on gathered resources, and presumably heavy demands on the time and labor of women.
3.2. CA-INY-30
CA-INY-30 was excavated in the mid-1980s by Far Western Anthropological Research Group as part of a highway expansion project (Basgall and McGuire, 1988). Twelve circular
domestic structures were excavated, the majority by means of
a trench bisecting the feature. Radiocarbon dates and timesensitive artifacts place four of these between 1800 and
1400 BP, in the late Newberry period. Three of the four Newberry houses were found closely situated to one another in the
south-central part of the site (structures 11, 12, and 15), while
the fourth (structure 12) was found some 120 m west of this
cluster. We analyzed debitage assemblages from three of these
houses, two of the former and the latter.
In addition, seven excavated structures from CA-INY-30
date from the Marana period, between 500 and 100 BP. These
houses comprise two clusters of three in the southeast (structures 1, 5, and 6) and north-central parts of the site (structures
7, 8, and 9), with a seventh in the southwest part of the site
(structure 10, possibly isolated from contemporaneous houses).
Marana houses are more shallow (generally 0.5e1 m in depth)
and widely spaced than the Newberry structures.
There were additional circular depressions at the site indicating the presence of yet further houses, but these were not
excavated. As well, one house (structure 13) was excavated
but has more ambiguous temporal affinities. A radiocarbon
date places it in the early Marana or late Haiwee, ca. 710
BP, but several aspects of the assemblage suggest an earlier
Newberry age. As well, it contained intrusive pits dug into
the floor from above that are clearly Marana in age. We did
analyze debitage from this house, but due to the temporal uncertainties we do not include those results in the discussions
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below (but note in passing that patterns are much like those
of the other Newberry houses).
For both time periods at CA-INY-30 (Newberry and Marana), calibrated radiocarbon dates overlap for the houses at
the two-sigma ranges (i.e., Newberry house dates overlap
with each other, and Marana dates overlap). Although it is difficult to demonstrate contemporaneity directly, it was thought
by the excavators that many of the houses were occupied simultaneously (Basgall and McGuire, 1988).
3.3. Obsidian sample
Obsidian flakes are the most common artifact at CA-INY30 and were associated with houses from both periods,
although the density of flakes is significantly higher in the earlier Newberry houses. From ten of the houses (three Newberry
and seven Marana) we selected a random sample of flakes
(n ¼ 20e40) for provenance analysis using LA-ICP-MS. In
most cases we were able to limit the sample to flakes found
directly on the floor, however in some cases we had to relax
our strategy to include flakes within 10e20 cm of the floor
to get meaningful sample sizes. This sampling method allows
us to control for site context and chronological period, an issue
we revisit in the discussion section. Prior to LA-ICP-MS analysis, each flake was measured for maximum length (perpendicular to the striking platform) and maximum width
(parallel to the striking platform). Incomplete measures, where
flakes were broken across a particular dimension, were noted.
Table 1 gives the sample size and relevant information for
each house.
The majority of our samples consist of small tool finishing
and retouching debris, likely overlooked during house cleaning events. Indeed, pressure flakes account for one-third to
one-half of all obsidian flakes associated with house floors
in both time periods, with indeterminate flake fragments comprising an additional 30e40% (Basgall and McGuire, 1988,
p. 211). The excavators did not find significant differences in
debitage profiles (i.e., in terms of the relative percentage of
types of flakes) by time period. Obsidian cores are extremely
rare at the site (less than 1% of all obsidian tools), and are absent altogether from the house floor assemblages. However, it
Table 1
Sample of houses for geochemical studies and relevant information
Cultural
period

Site

Structure Uncalibrated
14
C date(s)

Marana

INY-30 1
INY-30 5
INY-30 6
INY-30 7
INY-30 8
INY-30 9
INY-30 10

Newberry INY-30 12
INY-30 14
INY-30 15

310  70; 470  70
410  80
None
480  60
270  70; 470  50
180  60
330  60; 390  90

House
Our
size (m2) sample
size
11.3
10.2
14.5
8.0
9.1
12.0
12.0

29
20
40
37
39
25
36

1530  80; 1860  70 15.9
1650  100; 1840  80 13.9
1460  60
18.1

30
30
30
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is likely that bifaces were used as sources of flakes for additional knapping (Delacorte, 1999; Elston and Zeier, 1984; Garfinkel et al., 2004; Yohe (1998)). The frequency of bifaces
relative to other flake tools is variable among the houses, but
is not noticeably higher in either the Newberry or Marana periods (Basgall and McGuire, 1988; see also Eerkens, 2003).
Altogether, the technological information from flaked stone
assemblages of indicates similar types of reduction activities
taking place in both Newberry and Marana houses (note, however, that the original INY-30 comparisons included artifacts
from the ‘‘fill zone’’ of houses, not just those on or directly
above the floor, as in our study). This result is supported by
studies at the stratified site of CA-INY-372 some 40 km to
the south, where Yohe (1998) documented similar and fairly
stable reduction strategies over time, with only slight decreases in the size of bifaces and biface thinning flakes after
600 BP.
4. Methods
Samples were analyzed using LA-ICP-MS at the Interdisciplinary Center for Plasma Mass Spectrometry at UC Davis.
The ICP-MS system is an Agilent 7500a quadrupole instrument coupled to a Nd:YAG New Wave UP 213 laser. At the
beginning of each day the ICP-MS was optimized for sensitivity during line scans that rastered across a polished NIST 612
glass standard. The production of both ionized oxides and
doubly charged ions was also monitored and lowered to
0.5%. Helium was the transport gas from the laser ablation
cell (~0.85 L/min) and was mixed with argon gas (1.02 L/
min) before entering the ICP-MS.
Data were collected in a time-resolve mode for 90 s, which
included 30 s of background signal, 30 s for sample signal
(dwell time), and washout time (30 s). Each spot was preablated for 5 s to remove surface contaminants. Laser parameters were set to 80% power, 10 Hz, and 80 mm diameter spot
size. Five spots were analyzed on each standard and obsidian
sample. Twenty-eight different isotopes were measured. The
NIST 612 glass served as a calibration standard and was analyzed five times at the beginning and end of each sample slide
and after every 4e6 obsidian samples. To assess LA-ICP-MS
performance, one of the Mt. Hicks obsidian source samples
was analyzed daily and showed excellent precision from day
to day. Moreover, the USGS andesite standard (AGV-2) was
analyzed each day and showed good agreement with the accepted concentrations, ranging between 4 and 10% relative
standard deviation (RSD) for most elements.
Raw data were reduced using GLITTER, the GEMOC Laser ICP-MS Total Trace Element Reduction software package.
The intensity of each element was normalized to that of Na
(considered the internal standard) and the background signal
was subtracted from the main ablation signal. Concentrations
were calculated based on the known concentration of an internal standard, which is slightly different for each sample. For
previously analyzed pieces by Instrumental Neutron Activation Analysis (INAA), the concentration of the internal standard had been determined and was used to calculate

absolute concentrations. However, the internal standard was
not previously measured for the unknown obsidian flakes, so
elemental ratios were utilized instead, which eliminated the internal standard in the calculations, and proved to be useful in
source discrimination.
Fig. 2 compares data on previously analyzed source specimens by INAA and our LA-ICP-MS data for obsidian samples
analyzed by both techniques. The top part of the figure shows
ratios of concentrations between the new LA-ICP-MS data and
older INAA values for individual samples, and reports RSD
measures for our internal Mt. Hicks obsidian standard. The
bottom part of the figure plots the average concentrations in
these same source samples for different elements, on a loglog scale.
As seen in the top part of Fig. 2, most LA-ICP-MS/INAA
ratios hover near a value of 1, indicating good correspondence
between the two techniques. Exceptions include Sc (not plotted because many values fell above a ratio of 2.0 outside the
scale of the graph) where LA-ICP-MS concentrations were
consistently and significantly higher than INAA, Sr where
INAA tends to have poor precision (Glascock, 1992), and
Ba and Zr where LA-ICP-MS concentrations were consistently lower, in spite of RSD measures near 10%. The bottom
part of the figure shows that most elements fall on or close to
the diagonal line, again indicating good (i.e., 1:1) correspondence between the two techniques. Exceptions again include
Sc, Sr, and Zr.
We decided not to use Sc measures in our analyses because
of the high RSD on internal standards, and inconsistencies
noted above between INAA and LA-ICP-MS. As well, we
did not use Rb because of high RSD measures. However, we
did use Sr, Zr, and Ba due to their excellent discriminatory
power for different geochemical obsidians and the low RSD
values, indicating good internal consistency.

Fig. 2. Comparison of INAA and LA-ICP-MS data for source samples.
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Fig. 3. Plot of Ba/Sr vs. La/Sm for obsidian source samples.

Fig. 4. Plot of Ba/Sr vs. La/Sm for CA-INY-30 artifacts.

5. Results
As seen in Fig. 3, it is possible to reliably discriminate between different obsidian sources in the region based on chemical signatures from LA-ICP-MS. Indeed, we are even able to
discriminate between chemically related subsources, such as
in the Coso Volcanic Fields where at least four different chemical signatures have been documented (West Sugarloaf, Sugarloaf, West Cactus Peak, and Joshua Ridge; see Eerkens and
Rosenthal, 2004; Ericson, 1989; Ericson and Glascock, 2004
Gilreath and Hildebrandt, 1997; Hughes, 1988). Combined
with the data presented in Fig. 2, this demonstrates that LAICP-MS is an effective and reliable tool for obsidian provenance analysis in the Western Great Basin. We found that using ratios of Zr/Y, Dy/Yb, Nb/Zn, La/Sm, Mn/V, Zn/Ti, and
Ba/Sr to be particularly effective in discriminating Eastern
California and Western Nevada obsidians. With these ratios,
we performed a discriminant analysis in SPSS to define geochemical source groups, and used the resulting discriminant
functions to assign our unknown flakes to geochemical source.
SPSS reports the probability of group membership, given the
range of variability among the source samples, and we defined
a particular cut-off level ( p ¼ 0.05), at which we accepted the

assignment of unknown to source group. However, we doublechecked the discriminant source assignments by examining
several biplots such as the one in Fig. 4, which plots all unknowns on the same two axes as Fig. 3, using the same ellipses. As can be seen in Fig. 4 and Table 2, a range of
geochemical types are represented in the flakes, and other geochemical types are notably absent.
Table 2 shows that in terms of distance, there are basically
two groups of obsidians represented at CA-INY-30, those between 40 and 60 km and those between 140 and 160 km from
the source. This represents the natural availability of obsidians
in the region. There are additional sources located at greater
distances that are occasionally present in regional artifacts,
such as Mt. Hicks, Bodie Hills, and Silver Peak. However,
these geochemical types were not present in our sample.
To compare our flake sample against a set of formal tools, we
turn to previously published geochemical data on temporally diagnostic projectile points from CA-INY-30. Although a useful
comparison, there are certain issues to keep in mind when comparing the projectile point XRF data with the LA-ICP-MS debitage data. One is that that several points analyzed by XRF were
identified as ‘‘unknown’’ geochemical types, for which the geographic location was not yet known in the 1980s. One of these

Table 2
Sources represented among flakes and summary size statistics by time period for LA-ICP-MS sample
Source

Coso: W. Cactus Peak
Queen Imposter
Saline Valley
Coso: Sugarloaf
Coso: West Sugarloaf
Coso: Joshua Ridge
Fish Springs
Casa Diablo
Mono Glass Mtn.
Mono Craters
Queen

Distance

50
55
55
55
55
59
60
140
145
155
160

Newberry

Marana

No.

Avg. length

CV length

Avg. width

CV width

No.

Avg. length

CV length

Avg. width

CV width

0
1
0
3
59
6
1
19
0
1
0

e
10.8
e
7.9
9.8
8.3
9.8
7.8
e
10.8
e

e
e
e
0.60
0.41
0.35
e
0.33
e
e
e

e
7.9
e
7.1
8.5
10.3
4.6
6.8
e
7.8
e

e
e
e
0.09
0.38
0.35
e
0.25
e
e
e

10
14
3
46
108
2
14
20
3
0
6

7.2
8.9
8.2
7.0
7.6
7.7
11.3
6.2
5.3
e
6.3

0.37
0.49
0.55
0.36
0.47
0.18
0.54
0.30
0.29
e
0.18

8.1
6.8
7.1
6.7
6.8
5.1
9.2
5.8
5.3
e
4.5

0.90
0.42
0.61
0.40
0.44
0.20
0.45
0.31
0.24
e
0.26

Distance given in kilometers. All other measurements in millimeters.
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(Unknown 4) has subsequently been identified as the ‘‘Queen
Imposter’’ source, which is found in Saline Valley (Johnson
et al., 1999). Unfortunately, we did not have access to all the
original XRF-analyzed projectile points for reanalysis using
LA-ICP-MS. Nor were the original raw data on which XRF
source identifications were made published (Basgall and
McGuire, 1988). Thus, we were unable to determine the provenance of the other two XRF unknown sources, though we suspect one of these is the Saline Valley geochemical type. A
second issue is that many of the XRF specimens were only assigned to the more general Coso source, and not specific subsources within Coso. Based on previous analyses, it is likely
that a significant fraction (ca. 80e90%) derive from the West
Sugarloaf and Sugarloaf sources (Eerkens and Rosenthal,
2004). But again, we did not reanalyze the projectile points to
determine specific subsources for these samples. Finally, a third
incongruity is that the projectile points come from a wider range
of site contexts than the debitage sample, which comes only
from house floors. If we were to restrict the tool sample to house
floor contexts only we would have an extremely small sample
not suitable for statistical analysis.
Each time period encompasses two different projectile
point types. Elko points define Newberry assemblages. Humboldt points are less temporally definitive regionally, but the
excavators reported that all but one were confidently associated with Newberry contexts (Basgall and McGuire, 1988),
thus we group them together here. Marana assemblages are defined by two point types Desert Side-Notched (DSN) and Cottonwood (Bettinger and Taylor, 1974). Table 3 shows the
results of the projectile point XRF geochemical analyses.
As Tables 2 and 3 show, Coso obsidian is by far the dominant source present in both periods for both artifact types,
comprising 76% of flakes and 53% of points in the Newberry
period, and 74% of flakes and 85% of points in the Marana period. This likely stems from a number of factors, primarily the
proximity of the Coso Volcanic Fields, the ease in accessing
the source, as well as the high quality of the obsidian there.
Unlike Saline Valley and Queen Imposter which are also close
Table 3
Provenance data from previously analyzed projectile points
Newberry
Elko
Coso: W. Cactus Peak
Queen Imposter
Coso: Sugarloaf
Coso: West Sugarloaf
Coso: Joshua Ridge
Fish Springs
Casa Diablo
Mono Glass Mtn.
Queen
Unknown 2
Unknown 1
Coso
Total

1
2
1
3
2
2

11

Marana

Humb.

Total

1

1

4
6
1
1
1
1
2

5
8
1
2
4
1
4
2
2
2
32

2
2
21

DSN
1
1
2
11
1

Ctwd
1
2
10

2
1
4
21

3
1

4
1

1
1
8
26

Total

1

10
27

1
18
53

Elko includes all subtypes (e.g., Corner-Notched, Eared, etc.); Humb, Humboldt (both Concave Base and Basally-Notched); DSN, Desert Side-Notched;
Ctwd, Cottonwood.

(as the crow flies), one does not need to cross a mountain chain
to access the Coso sources from CA-INY-30. Similarly, although Fish Springs is approximately the same distance as
Coso and crossing a mountain chain is not necessary, this obsidian is generally of poorer quality than Coso and may have
been under greater territorial control (Bettinger, 1982). The
dominance of Coso obsidian was expected, and has been noted
in other southern Owens Valley assemblages (e.g., Basgall and
McGuire, 1988; Delacorte, 1999; Eerkens, 2003; Gilreath and
Holanda, 2000). Although there are slight differences in the
distribution of different Coso subsources between the two periods, West Sugarloaf is most common in both time periods,
followed by Sugarloaf, and then Joshua Ridge and West Cactus Peak. These subsource patterns were expected and have
been documented in other studies (e.g., Eerkens and Rosenthal, 2004).
5.1. Comparison to predictions from model
Prediction #1, that the average distance to source would be
higher in the Newberry period is borne out in both the flake
and projectile point samples. The average distance moved
for the Newberry period is over 10% further for flakes (74.4
vs. 66.4 km) and 7% further for points (62.0 vs. 57.7 km).
This is due to the high frequency of the distant Casa Diablo
source among the Newberry flakes and both Queen and Casa
Diablo among the Newberry points. Interesting also is the
greater average distance of flakes vs. points in both time periods, suggesting that these two artifact categories record mobility patterns and obsidian acquisition in different ways. Also
in line with prediction #1, when we plot the frequency of different geochemical types against their distance, we see more
gradual fall-off curves (i.e., distant sources more frequent) in
the Newberry period for both flakes and points than in the
Marana period. Fig. 5 shows these trends.
Prediction #2, that Newberry flakes from more distant sources should be both larger and more variable than Marana
flakes, also holds. Fig. 6 plots the average length and width
of flakes for each geochemical type against distance from
CA-INY-30. Several patterns are evident. First, Newberry period flakes are larger than their Marana counterparts irrespective of distance. This is in keeping with the larger projectile
points, bifaces, and other flaked stone tools Newberry peoples
made. Second, and more interesting, there is virtually no difference in flake length or width with distance in the Newberry
period. As seen in the top two frames, flakes do not seem to
get significantly smaller with distance from the source. On
the other hand, Marana flakes decrease in both length and
width with increasing distance from the source mostly as a result of the small average size of the three more distant sources.
Moreover, as seen in Table 2 there is structure in the variation of flake length and width as measured by the coefficient of
variation (CV; standard deviation divided by average). There is
little patterning in CV values with distance during the Newberry period, indicating that flakes from distant sources (primarily Casa Diablo) are just as variable and include the same
range of flake sizes (small pressure to larger percussion) that
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60 km. Marana obsidian coming from long distances, on the
other hand, was already in a greatly reduced state, resulting
only in the deposition of small resharpening flakes at CAINY-30. We note further, that this pattern of decreasing size
with distance does not hold for projectile points in either
time period. The Newberry point sample is small with many
broken pieces, but the limited data that are available do not
give any indication of a reduction in size with distance, in either
length or width. Similarly, the DSN and Cottonwood points are
the same size regardless of whether they came from Coso
(avg. length  width ¼ 20.3  11.3 mm), other sources within
60 km (avg. length  width ¼ 23.2  11.7 mm), or sources
over 120 km away (avg. length  width ¼ 19.5  12.7 mm).
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closer sources such as West Sugarloaf include. By contrast, variation in flakes decreases noticeably with distance in Marana
assemblages. Thus, not only are more distant Marana flakes
smaller, they are consistently smaller because they represent
primarily pressure refinishing and tool rejuvenation debris.
Both of these findings (i.e., average size and variation in
size) are directly in keeping with Prediction #2. The complete
lack of relationship between size and distance evident in Fig. 6
during the Newberry period was unexpected. This finding indicates that Newberry groups were so mobile that the raw material they brought back to CA-INY-30 was basically in the same
stage of reduction (resulting in similarly sized debitage), regardless of whether it came from 140e160 km away or 50e
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While the first two predictions were confirmed, Prediction
#3, that Newberry obsidian includes a greater diversity of geochemical sources, was not. There is some support for this prediction if we consider the projectile points only. There, we see
that the 32 Newberry points represent at least 10 geochemical
types, while the 53 Marana points include only 8 types. Thus,
in spite of a greater sample size, there are fewer geochemical
sources represented in the Marana sample. However, to be fair,
over a third of the Marana points were not assigned to individual Coso subsources, and the absence of Joshua Ridge is
surely attributable to this factor. As well, we must also assume
that the two ‘‘unknown’’ sources documented in the Newberry
period represent distinct geochemical types not present in the
Marana sample.
On the other hand, if we consider the debitage sample, we
obtain the opposite result. Newberry flakes include seven geochemical types among 90 flakes, while Marana flakes include
ten among 226. If we bootstrap the Marana flakes to make the
samples sizes equivalent, that is, repeatedly and randomly
sample only 90 of the 226 flakes, we obtain an average of
8.3 geochemical sources among the Marana flakes, still higher
than the Newberry sample. Not only is the absolute diversity
(i.e., richness) of Marana geochemical sources higher, but
the evenness is higher as well. All of the geochemical sources
are represented by more than one piece, most by multiple
pieces, and the Saline Valley sources (e.g. Saline Valley and
Queen Imposter) are well represented. On the other hand, outside of Casa Diablo and the Coso subsources, geochemical
types in the Newberry assemblage are represented by single
specimens only.
6. Discussion
The results of our analysis speak to important differences in
how obsidian technologies were organized in Owens Valley
and how toolstone was being differentially acquired, moved
and reduced through time. Although a reduction in residential
mobility explains many of the patterns, there are several trends
that were unexpected based on the predictions derived by the
model outlined in the beginning of the paper. We summarize
the findings below by time period.
6.1. Newberry patterns
The Newberry obsidian assemblage appears much as we
would expect of a highly residentially mobile society. Relative
to the less mobile Marana families, tools and flakes are from
further away on average, flakes from more distant sources
are in a less-reduced state, and projectile points are more diverse geochemically.
Unexpected, though still in line with that of a mobile group,
is the apparent lack of decrease in flake size with distance. Instead, it appears that distant sources were essentially at the
same stage of reduction as more proximal ones. This suggests
an extreme degree of mobility, so high that the time it took to
travel 120e140 km resulted in little additional reduction than
the time it took to travel 50e60 km (i.e., apparently raw

material was not used during transport to residential bases
such as CA-INY-30). The lack of such a distanceedecay pattern among waste flakes is not unknown, and has been noted
elsewhere (e.g., Close, 1999). We know that Newberry groups
produced large bifaces (ca. 10e20 cm long), which some archaeologists have interpreted as functional cores (e.g., Delacorte, 1999). Indeed, caches of such bifaces have been found
at sites in the region, including CA-INY-30 (e.g., Basgall
and McGuire, 1988; Garfinkel et al., 2004). Geochemical analyses show that such bifaceecore caches often include items
fashioned from glass with different geochemical signatures.
Such caches imply some degree of toolstone curation, with anticipated future use at these particular points on the landscape.
Indeed, Elston (1982) has argued that rates of curation in the
western Great Basin were high before 1500 BP and relatively
low thereafter. Such high rates of curation are also in keeping
with high mobility.
One prediction derived from the model that was not met
was higher geochemical diversity among waste flakes in the
Newberry period. Instead, we saw heavy use of a few geochemical types (e.g., West Sugarloaf and Casa Diablo) and
only sparing presence of others. Interesting in this regard is
the absence or near-absence of nearby sources such as Fish
Springs, Saline Valley, and Queen Imposter, geochemical
sources that were used in much higher frequencies during
the ensuing Marana period. As well, sources that are equally
distant from CA-INY-30 as Casa Diablo, such as Mono Glass
Mountain and Queen, were also sparingly transported. The
lack of these sources is puzzling because most lie between
CA-INY-30 and the source of the heavily used Casa Diablo
obsidian in Long Valley. This is particularly so in the case
of Fish Springs, which is directly on the line between these
endpoints, nearly halfway between them. The presence of
some projectile points at CA-INY-30 made out of these obsidians shows they were exploited at some previous point during
the seasonal round. As well, research on the northern end of
Owens Valley (Eerkens and King, 2002) shows that Fish
Springs obsidian was carried over 50 km north and reduced
there, and that Mono Glass Mountain was heavily used in
that region. Why would Newberry groups ignore obsidian
sources such as Fish Springs on their movements between
Long Valley and base camps such as CA-INY-30?
One potential factor in the answer to this question is the
quality of Fish Springs obsidian, which is not as high as
Casa Diablo or West Sugarloaf. Although there is plenty of
workable glass and large bifaces were occasionally fashioned,
much of the obsidian available on the surface has impurities
that make knapping more difficult. The same can be said of
Mono Glass Mountain, but this is not true of Queen and Queen
Imposter, both of which contain high-quality glass available as
large knappable nodules.
A second and more likely factor relates to how people made
use of the landscape. All evidence indicates that the people
who occupied CA-INY-30 did not stop to exploit resources, including obsidian, near places like Mono Glass Mountain, Saline Valley, and Fish Springs when returning from higher
elevations in Long Valley. Again this suggests extremely
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high mobility with specific destinations in mind. Apparently
people were moving and encountering high-quality obsidian
so often that retooling at other obsidian sources on their way
to CA-INY-30 was not necessary. From a foraging perspective,
this also suggests that food resources available around these
ignored obsidian sources were of much lower return rates
than those available in Long Valley, where Casa Diablo is,
and around Owens Lake, where CA-INY-30 is, at least at
the times of the year CA-INY-30 was occupied (apparently
most of the year judging by carbonized seeds and migratory
bird remains; Basgall and McGuire, 1988). Overall, Newberry
patterns suggest highly targeted extraction and transportation,
favoring exploitation only of certain obsidian sources, to the
exclusion of others, before returning to CA-INY-30.
To this point in the paper, all of our interpretations have
been based on an assumption of direct obsidian procurement
within a mobile settlement system. We think the patterns in obsidian support this interpretation, that is, in favor of direct procurement as the primary means of acquiring obsidian. If
exchange had been the preferred acquisition method, presumably within a more sedentary residential settlement system, it
is difficult to understand why closer sources, such as Saline
Valley, Queen Imposter, and Fish Springs are not better represented in the debitage profiles, relative to Casa Diablo. These
other sources are present among the projectile points and
were thus clearly suitable to produce a range of tool types. If
obsidian had been valuable enough such that long-distance exchange of workable obsidian from Casa Diablo was worthwhile, based on economic principles, it would seem likely
that people living close to these other sources would also produce bifaces for exchange and consumption at CA-INY-30.
Moreover, with exchange as the primary means of acquisition,
we would expect that more distant sources would often be acquired in down-the-line trading. If so, we would have expected
a stronger negative relationship between flake size and
distance.
Our interpretations do not mean that exchange of obsidian
was absent during the Newberry period, indeed, trans-Sierran
movement of obsidian into the Central Valley, Bay Area, and
coast was almost surely by exchange. Similarly, obsidian was
surely exchanged (or shared) among individuals in a base
camp. We only suggest that within Owens Valley long-distance
exchange was not a major means of acquiring obsidian in
Newberry times.
6.2. Marana patterns
By contrast, Marana-period acquisition followed a very different trajectory. Debitage assemblages show a marked pattern
of decreasing size with distance. In whatever form Marana obsidian was being moved, upon reaching INY-30 the distant
sources appear to have been in a highly reduced state. Reduction of distant sources was confined to small resharpening and/
or finishing activities. As well, more distant sources are much
less frequent than more proximal ones, resulting in a steeper
fall-off curve with distance from source. Such a pattern is consistent with a society that is not very residentially mobile. It is
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difficult to state with certainty how such distant obsidian was
being acquired, however, we strongly suspect that it was being
moved as finished tools, such as projectile points or small knives, likely hafted on arrows or wooden handles. Moreover, we
suspect that such movement was largely the product of downthe-line exchange rather than direct procurement.
More local sources were obtained in a less-reduced state,
perhaps as bifaces or prepared cores (debitage with cortex is
absent), and were used to produce a range of implements.
As a result, debitage from local sources tends to be larger
on average but also more variable, including both earlier percussion and later pressure debris. Such obsidian may have
been traded or directly procured, though the former seems
likely given the importance of obsidian exchange in the ethnographic record (e.g., Steward, 1933, 1938; see also Davis,
1961) and archaeological evidence indicating territorial control over the distribution of obsidian from some sources
(e.g., Bettinger, 1982).
At the same time, a wide range of geochemical types from
the north, south, and east were accessed by INY-30 inhabitants
during the Marana period. The diversity of sources is just as
high as in the Newberry period. If trade was the primary
means of acquiring obsidian, as we suspect, this pattern speaks
to the wide-ranging trading networks that had developed in the
Owens Valley region by the Marana period. Inhabitants at
INY-30 seem to have been involved in direct trade with groups
in nearly all cardinal directions, and received other more exotic items via down-the-line trading.
6.3. Issues of mixing
We attempted to examine diachronic change by controlling
the context of the analyzed flakes, only taking samples that we
felt were confidently associated with discrete house floors. Excavations at INY-30 clearly showed that various parts of the
site had been occupied for several thousand years (Basgall
and McGuire, 1988), leaving the possibility that some of the
later houses may have been built on older cultural deposits.
Thus, it is possible that the association between any individual
flake and a floor is spurious in this section we consider possible issues of mixing and contamination.
Another potential means to control for temporal context is to
perform obsidian hydration analysis on each flake. Unfortunately, due to the destructive nature of this technique, especially
on small pressure flakes, we could not follow this approach. Obsidian hydration was an important component of the original investigations at INY-30. Basgall and McGuire (1988, p. 123)
obtained hydration measures on artifacts associated with a range
of temporal contexts, including houses from both time periods
of interest here. Hydration readings associated with Newberry
floors were predominantly within the range expected, and
hence, they thought the Newberry contexts to be relatively unaffected by mixing. On the other hand, they rejected over half of
the readings on flakes associated with Marana floors because
hydration rims were too large to be late prehistoric in age.
They attributed this to stratigraphic mixing as well as scavenging of older flakes by Marana peoples.
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Although mixing of temporal contexts may be a potential
problem for the Marana houses, several factors suggest these
processes are more limited in extent, especially in the sample
we selected for analysis. First, while a significant proportion of
the flakes from Marana houses contain aberrant hydration
readings, 8 of 12 projectile points recovered from Marana
house contexts are of the correct type (i.e., Cottonwood and
Desert Side-Notched; with two Little Lake and two Rose
Springs points out of context). Moreover, none of the four aberrant point types was found directly on a house floor. All were
found stratigraphically above the floors (10e40 cm) in the fill
zone. Thus, there is much less evidence for stratigraphic mixing among the projectile points.
Second, it is likely that the method of selecting flakes for
hydration analysis contributed to a larger number of aberrant
readings versus our geochemical sourcing sample. Among
the debitage in particular, the hydration sample was comprised
mainly of artifacts large enough to also be analyzed by XRF
(generally greater than 8 mm in diameter and thicker than
1.5 mm). If house cleaning was a regular activity in prehistory,
it is likely that larger flakes would have been differentially removed from their primary house-floor context. Any larger
flakes currently associated with the floors are more likely to
be due to depositional processes, such as post-occupation infilling of house depressions. Since our sample comprised
mainly small pressure flakes, we believe a better case can be
made for their correct association with the floors. We hope
to test this notion in the future by analyzing a sample of the
smaller flakes by hydration.
Third, the original hydration sample included a number of
artifacts within the more general ‘‘fill zones’’ of houses, contexts that are more likely to include contaminants. This is not
a fault of the excavators, as they attempted to get source-specific
hydration readings from flakes in as best a context as possible.
However, given the sampling strategy this may have required
them to include larger flakes from slightly further away from
the actual house floors. By contrast, our sample comprises
mainly flakes lying directly on the floors, providing a firmer association between living surface, radiocarbon date, and artifact.
Finally, if mixing is a problem for the Marana contexts, it is
clear that these flakes are not derived from earlier Newberry
contexts. As shown, Newberry and Marana flake profiles are
unlike one another, the latter including significant numbers
of geochemical types not represented in the Newberry sample.
If the Marana houses were dug into older cultural deposits and
those older deposits are contributing significant numbers of artifacts to our geochemical analyses, those deposits are clearly
not Newberry in age. An alternative source of contamination
could be older Lake Mojave (ca. 9000e6000 BP) and Little
Lake (ca. 6000e3500 BP) components. However, many of
the geochemical types represented in the Marana sample are
also uncommon in the earlier deposits. Moreover, the spatial
location of Lake Mojave and Little Lake deposits (in the
northern and south-central areas) are not in close proximity
to the majority of Marana houses (in the north-central and
southeastern sections), again limiting the likelihood that these
deposits are significantly skewing our results.

Inevitably, a section like this comes off sounding defensive
about our sample selection. Our intention is not to be defensive, but to critically examine our analyses for potential sources of bias. The original excavators clearly attempted to
evaluate the same criterion. We feel that the issues discussed
above support the notion that mixing, contamination, and/or
scavenging is not a significant problem for our study. Although
there may be a small number of intrusive flakes in our sample,
especially the Marana houses, the patterns among and between
houses are robust enough to show marked and consistent differences between different time periods. If mixing was a pervasive problem, we would expect greater homogeneity among
our samples.
7. Conclusions
Our analyses largely support previous settlement models
proposed for the Owens Valley (e.g., Basgall, 1989; Bettinger,
1999a,b; Delacorte, 1999). Newberry groups appear to have
been quite mobile, much more so than Marana groups, and
had ample access to obsidian, including some sources at great
distance from base camps such as CA-INY-30. Marana groups
appear to have been much more sedentary, but still accessed
obsidian from a range of sources. However, our analyses highlight important details of these settlement patterns that have
not previously been discussed in great detail.
In particular, we were surprised at the high degree of mobility suggested by the Newberry debitage assemblages. People
acquiring obsidian during this period appear to have moved
so quickly that the amount of reduction in toolstone en-route
was the same for movements of 50e60 km as it was for
120e140 km. As well, they often ignored smaller intermediary sources where the glass is often of poorer quality. To us,
this looks like rapid ‘‘jumps’’ across the landscape to reach
very specific target destinations. Use of smaller and perhaps
inferior sources of obsidian was not necessary, likely because
knappers knew they would be on the move again soon and
could embed obsidian procurement within those activities.
Based on studies by Bamforth (1986), such a pattern should
correlate with low tool maintenance & little recycling of tools.
Additional research is necessary to fully explore this issue, but
preliminary technological studies of Newberry flaked stone assemblages support this prediction (e.g., Basgall, 1989; Delacorte, 1999; Eerkens and King, 2002).
Of course, it is not necessary that the entirety of Newberry
society was highly mobile and moved simultaneously. Thus, it
is possible that Newberry residential bases may have been relatively stable (i.e., semi-sedentary) and that only some segments of the population were making these extreme and
rapid movements, for example, young men on hunting expeditions. This line of reasoning would explain why the small
number of Newberry dwellings that have been excavated, including those at INY-30, often appear to be heavily used and
invested with substantial labor (e.g., semi-subterranean).
Such houses would be expected of groups expecting to spend
a significant amount of time in a particular region (e.g., Binford, 1980; Kelly, 1983; Kent, 1992; Yellen, 1977).
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Indeed, a scenario involving highly mobile groups of young
male hunters associated, but not always living, with more
residentially sedentary women and children is consistent with
several models that have been proposed in nearby regions
(e.g., Broughton, 2004; Zeanah, 2004). More specifically, Hildebrandt and McGuire (2002) and McGuire and Hildebrandt
(2005) have recently suggested that the hunting of large game
for prestige was an important activity for young men during
the Newberry period. Such expeditions may have taken men
from base camps like INY-30 to distant hunting grounds in
Long Valley, where Casa Diablo obsidian is found. Because
the population levels in Owens Valley may have already been
fairly high, hunting territories near places like Fish Springs
may have been either hunted out or controlled by local groups.
The lower human population levels in Long Valley and attendant
higher densities of game may have enticed Owens Valley hunters
to make the long trek, but to do so quickly without stopping
along the way to retool. Once in Long Valley, hunters may
have made quick trips to the Casa Diablo obsidian quarry to retool before returning home, again, a quick journey with few stops
and/or opportunities to reduce obsidian before reaching INY-30.
As well, our analyses of Marana obsidian support existing
models (e.g., Basgall, 1989; Bettinger, 1982, 1999b; Delacorte, 1999), but again highlight details that expand our understanding of settlement patterns and exchange relations in this
time period. We expected the dominance of local obsidian
sources in debitage and tool assemblages. However, we were
surprised at the diversity of geochemical types represented
in the debitage assemblages, indicating a wide range of exchange relations with nearly all neighboring regions. Whether
the goal of such exchange relations was merely the acquisition
of obsidian, or whether obsidian was merely a component of
a wider range of goods that were moved, or whether obsidian
merely served as a symbolic token of broader political and social alliances (e.g., gifts), is still unknown, though we certainly
suspect one of the latter two given ethnographic descriptions
(see Davis, 1961). In any case, it is apparent that Marana
groups expended considerable effort moving obsidian across
the landscape in a range of directions.
Most interestingly, our results nearly mirror those of
McGuire (2002) in northeastern California. In an analysis of
a large dataset of both projectile points and flakes across several
distinct environmental zones, he found Middle Period (equivalent to our Newberry Period) obsidian acquisition to be characterized by a focus on just a few sources (i.e., low diversity),
often to the exclusion of closer sources. He attributed this to
higher logistical mobility to intensively exploit just a few key
obsidian sources (McGuire, 2002, p. 97). By contrast, Late Period (overlapping with our Marana Period) people had access to
a greater range of sources, a pattern he attributed to greater rates
of exchange. Unfortunately he did not examine fall-off patterns
for flake size against distance over time, thus we could not compare that aspect of our research with his, but such an analysis
would be extremely interesting. In any case, that we found essentially the same diachronic patterns as McGuire (2002), suggests that these processes involving obsidian acquisition are
applicable to broad spatio-temporal contexts.
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In sum, we hope to have shown that detailed geochemical
analyses of large numbers of obsidian artifacts, combined
with technological analyses and careful control of temporal context, can reveal important information about a range of prehistoric behaviors, including mobility patterns, the organization
of lithic technologies, and exchange relations. Moreover, techniques such as LA-ICP-MS facilitate rapid and non-destructive
analysis of large samples of artifacts, large and small, to help reveal these patterns.
Acknowledgements
We thank Kelly McGuire, Robert Yohe and JAS reviewers
for commenting on earlier drafts, Mark Basgall and Kelly
McGuire for generating the CA-INY-30 assemblage, Lisa Deitz and Robert Bettinger for providing access to collections,
Michael Glascock and Tim Carpenter for providing source
samples, and the University of California Davis for funding
the analyses. We also thank Robert Bettinger for conversations
and input regarding interpretation of the data.
References
Bamforth, D.B., 1986. Technological efficiency and tool curation. American
Antiquity 51, 38e50.
Bamforth, D.B., 1990. Settlement, raw material, and lithic procurement in
the central Mojave Desert. Journal of Anthropological Archaeology 9,
70e104.
Bamforth, D.B., 1991. Technological organization and hunter-gatherer land
use: a California example. American Antiquity 56, 216e234.
Basgall, M.E., 1989. Obsidian acquisition and use in prehistoric central eastern
California: a preliminary assessment. In: Hughes, R.E. (Ed.), Current Directions in California Obsidian Studies. Contributions of the University
of California Archaeological Research Facility 48, Berkeley, CA, pp.
111e126.
Basgall, M.E., McGuire, K.R., 1988. The Archaeology of CA-Iny-30: Prehistoric Culture Change in the Southern Owens Valley, California. Far
Western Anthropological Research Group, Davis, CA.
Beck, C., Taylor, A.K., Jones, G.T., Fadem, C.M., Cook, C.R., Millward, S.A.,
2002. Rocks are heavy: transport costs and Paleoarchaic quarry behavior in
the Great Basin. Journal of Anthropological Archaeology 21, 481e507.
Bettinger, R.L., 1982. Aboriginal exchange and territoriality in Owens Valley,
California. In: Ericson, J.E., Earle, T.K. (Eds.), Contexts for Prehistoric
Exchange. Academic Press, New York, pp. 103e128.
Bettinger, R.L., 1983. Aboriginal sociopolitical organization in Owens Valley:
beyond the family band. In: Tooker, E., Fried, H.M. (Eds.), Development
of Political Organization in Native North America. Proceedings of the
American Ethnological Society, 1979, Washington, DC, pp. 45e58.
Bettinger, R.L., 1989. The archaeology of Pinyon House, Two Eagles, and
Crater Middens: three residential sites in Owens Valley, Inyo County,
California. Anthropological Papers of the American Museum of Natural
History New York 67.
Bettinger, R.L., 1999a. What happened in the Medithermal. In: Beck, C. (Ed.),
Models for the Millennium. University of Utah Press, Salt Lake City, UT,
pp. 62e74.
Bettinger, R.L., 1999b. From traveler to processor: regional trajectories of
hunter-gatherer sedentism in the Inyo-Mono region, California. In:
Billman, B.R., Feinman, G.M. (Eds.), Settlement Pattern Studies in the
Americas, Fifty Years Since Viru. Smithsonian Institution Press, Washington, DC, pp. 39e55.
Bettinger, R.L., Taylor, R.E., 1974. Suggested revisions in archaeological
sequences of the Great Basin in interior southern California. Nevada
Archaeological Survey Research Papers 5, 1e26.

680

J.W. Eerkens et al. / Journal of Archaeological Science 35 (2008) 668e680

Binford, L.R., 1979. Organization and formation processes: looking at curated
technologies. Journal of Anthropological Research 35, 255e273.
Binford, L.R., 1980. Willow smoke and dogs’ tails: hunter-gatherer settlement
systems and archaeological site formation. American Antiquity 45, 4e20.
Brantingham, P.J., 2003. A neutral model of stone raw material procurement.
American Antiquity 68, 487e509.
Brantingham, P.J., 2006. Measuring forager mobility. Current Anthropology
47, 435e459.
Broughton, J.M., 2004. Declines in mammalian foraging efficiency during the
late Holocene, San Francisco Bay. In: Raab, L.M., Jones, T. (Eds.), Prehistoric California: Archaeology and the Myth of Paradise. University of Utah
Press, Salt Lake City, UT, pp. 34e52.
Close, A.E., 1999. Distance and decay: an uneasy relationship. Antiquity 73,
24e32.
Cowan, F.L., 1999. Making sense of flake scatters: lithic technological strategies and mobility. American Antiquity 64, 593e607.
Davis, J.T., 1961. Trade routes and economic exchange among the Indians of
California, in: University of California Archaeological Survey Reports,
No. 54. University of California Press, Berkeley, CA.
Davis, M.K., Jackson, T.L., Shackley, M.S., Teague, T., Hampel, J.H., 1998.
Factors affecting the energy-dispersive x-ray fluorescence (EDXRF) analysis of archaeological obsidian. In: Shackley, M.S. (Ed.), Archaeological
Obsidian Studies: Method and Theory. Springer, New York, pp. 159e180.
Delacorte, M.G., 1999. The changing role of riverine environments in the prehistory of the Central-Western Great Basin: data recovery excavations at
six prehistoric sites in Owens Valley, California. Report submitted to Caltrans District 9, Bishop. Far Western Anthropological Research Group,
Inc., Davis, CA.
Eerkens, J.W., 2003. Sedentism, storage, and the intensification of small seeds:
prehistoric developments in Owens Valley, California. North American Archaeologist 24, 281e309.
Eerkens, J.W., 2004. Privatization, small-seed intensification, and the origins
of pottery in the western Great Basin. American Antiquity 69, 653e670.
Eerkens, J.W., King, J., 2002. Phase II archaeological investigations for the
Sherwin Summit rehabilitation project, U.S. Highway 395, Inyo County,
California. Far Western Anthropological Research Group, Inc., Davis, CA.
Eerkens, J.W., Rosenthal, J.S., 2004. Are obsidian subsources meaningful units
of analysis? Temporal and spatial patterning of subsources in the Coso Volcanic Field, southeastern California. Journal of Archaeological Science 31,
21e29.
Eerkens, J.W., King, J., Wohlgemuth, E., 2004. The prehistoric development of
intensive green-cone pi~
non processing in eastern California. Journal of
Field Archaeology 29, 17e27.
Eerkens, J.W., Ferguson, J.R., Glascock, M.D., Skinner, C.E., Waechter, S.A.,
in press. Reduction strategies and geochemical characterization of lithic
assemblages: a comparison of three case studies from western North
America. American Antiquity (in press).
Elston, R.G., 1982. Good times, hard times: prehistoric culture changes in the
western Great Basin. In: Madsen, D.B., O’Connell, J.F. (Eds.), Man and Environment in the Great Basin. SAA Papers 2, Washington, DC, pp. 186e206.
Elston, R.G., Zeier, C.D., 1984. The Sugarloaf Obsidian Quarry. Naval
Weapons Center Administrative Publication 313, China Lake.
Ericson, J.E., 1989. Toward flow-specific obsidian hydration rates: Coso Volcanic Field, Inyo County, California. In: Hughes, R.E. (Ed.), Current Directions in California Obsidian Studies. Contributions of the University
of California Archaeological Research Facility, 48. Berkeley, pp. 13e22.
Ericson, J.E., Glascock, M.D., 2004. Subsource characterization: obsidian utilization of subsources of the Coso Volcanic Field, Coso Junction, California, USA. Geoarchaeology 19, 779e805.
Garfinkel, A.P., Binning, J.D., Younkin, E., Skinner, C.E., Origer, T.,
Jackson, R., Lawson, J., Carpenter, T., 2004. The Little Lake Biface cache,
Inyo County, California. Proceedings of the Society for California Archaeology 17, 87e101.
Gilreath, A.J., Hildebrandt, W.R., 1997. Prehistoric use of the Coso Volcanic
Field. Contributions of the University of California Archaeological Research Facility, Berkeley, CA. 56.
Gilreath, A.J., Holanda, K.L., 2000. By the lake by the mountains: archaeological investigations at CA-INY-4554 and CA-INY-1428: 09-INY-395, P.M.

41.3 to 45.6 (KP 66.5 to 73.4). Report submitted to California Department
of Transportation, District 09, Bishop. Far Western Anthropological
Research Group, Inc., Davis, CA.
Glascock, M.D., 1992. Characterization of archaeological ceramics at MURR
by neutron activation analysis and multivariate statistics. In: Neff, H. (Ed.),
Chemical Characterization of Ceramic Pastes in Archaeology. Prehistory
Press, Madison, WI, pp. 11e26.
Hildebrandt, W.R., McGuire, K.R., 2002. The ascendance of hunting during
the California Middle Archaic: an evolutionary perspective. American
Antiquity 67, 231e256.
Hughes, R.E., 1988. The Coso Volcanic Field reexamined: implications for
obsidian sourcing and hydration dating research. Geoarchaeology 3,
253e265.
Johnson, L., Skinner, C.E., Wagner, D.L., 1999. An update on obsidian sources
in the Saline Range, Inyo County California. International Association for
Obsidian Studies Bulletin 23, 8e10.
Jones, G.T., Beck, C., Jones, E.E., Hughes, R.E., 2003. Lithic source use and
Paleoarchaic foraging territories in the Great Basin. American Antiquity
68, 5e38.
Kelly, R.L., 1983. Hunter-gatherer mobility strategies. Journal of Anthropological Research 39, 277e306.
Kelly, R.L., 1988. Three sides of a biface. American Antiquity 53, 717e734.
Kent, S., 1992. Studying variability in the archaeological record: an ethnoarchaeological model for distinguishing mobility patterns. American Antiquity
57, 635e660.
Kuhn, S.L., 1989. Hunter-gatherer foraging organization and strategies of
artifact replacement and discard. In: Amick, D.S., Mauldin, R.P. (Eds.),
Experiments in Lithic Technology. BAR International Series 528. British
Archaeological Reports, Oxford, pp. 33e47.
Luedtke, B.E., 1976. Lithic material distributions and interaction patterns during the Late Woodland Period in Michigan. PhD dissertation. University of
Michigan, Ann Arbor, MI.
McGuire, K.R., 2002. Obsidian production in Northeastern California and the
Northwestern great basin: implications for land use. In: McGuire, K.R.
(Ed.), Boundary Lands: Archaeological Investigations Along the California-Great Basin Interface. Anthropological Papers No. 24. Nevada State
Museum, Carson City, KS, pp. 85e103.
McGuire, K.R., Hildebrandt, W.R., 2005. Re-thinking Great Basin foragers:
prestige hunting and costly signaling during the Middle Archaic Period.
American Antiquity 70, 695e712.
Parry, W.J., Kelly, R.L., 1987. Expedient core technology and sedentism. In:
Johnson, J., Morrow, C.A. (Eds.), The Organization of Core Technology.
Westview Press, Boulder, CO, pp. 285e304.
Renfrew, C., 1977. Alternative models for exchange and spatial distribution.
In: Earle, T.K., Ericson, J.E. (Eds.), Exchange Systems in Prehistory.
Academic Press, New York, pp. 71e90.
Roth, B.J., 2000. Obsidian source characterization and hunter-gatherer mobility: an example from the Tucson Basin. Journal of Archaeological Science
27, 305e314.
Shott, M.J., 1989. On tool-class use lives and the formation of archaeological
assemblages. American Antiquity 54, 9e30.
Shott, M.J., 1994. Size and form in the analysis of flake debris: review and
recent approaches. Journal of Archaeological Method and Theory 1,
69e110.
Steward, J.H., 1933. Ethnography of the Owens Valley Paiute. University of
California Publications in American Archaeology and Ethnology 33,
233e350.
Steward, J.H., 1938. Basin-Plateau Aboriginal Socio-Political Groups. Bulletin
Number l20. Bureau of American Ethnology. Government Printing Office,
Washington, DC.
Yellen, J., 1977. Archaeological Approaches to the Present: Models for Reconstructing the Past. Academic Press, New York.
Yohe II, R.M., 1998. The introduction of the bow and arrow and lithic resource
use at Rose Spring (CA-INY-372). Journal of California and Great Basin
Anthropology 20 (1), 26e52.
Zeanah, D.W., 2004. Sexual division of labor and central place foraging:
a model for the Carson Desert of western Nevada. Journal of Anthropological Archaeology 23, 1e32.

