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ABSTRACT

KEYWORDS

Surface sites play a vital role in interpreting terminal Pleistocene/early Holocene (TP/EH) lifeways in
the Great Basin. Two years of work in Oregon’s Guano Valley by crews from the University of
Nevada, Reno have revealed a rich record of Western Stemmed Tradition occupations associated
with an extensive delta system that brought freshwater into the valley from the adjacent
tablelands. To date, we have recorded nearly 700 diagnostic TP/EH artifacts within the relatively
small delta, making it one of the densest concentrations of Paleoindian artifacts in the region.
This paper presents preliminary results from our archaeological and geomorphological
investigations in Guano Valley as well as an extensive toolstone source provenance analysis.

Great Basin; Paleoindian
archaeology; X-ray
fluorescence spectrometry;
Western Stemmed Tradition

1. Introduction
Cave and rockshelters have provided a wealth of information about early lifeways in the Great Basin (Goebel
et al. 2011; Jenkins et al. 2013); however, most Paleoindian sites are found in open-air settings. While they
present some interpretive challenges (e.g., a paucity of
datable materials and subsistence residues), open-air
sites are common and comprised of abundant lithic
artifacts, many of which are manufactured from obsidian or fine-grained volcanic (FGV) toolstone. Their
high visibility and rich assemblages amenable to source
provenance analysis make open-air sites critical to
studies of Paleoindian land use and mobility (e.g.,
Adams et al. 2008; Jones et al. 2003; Madsen, Schmitt,
and Page 2015; Smith et al. 2015). In this paper, we
present preliminary results from two years of archaeological and geomorphological fieldwork in Guano
Valley, a small basin located in southeastern Oregon.
Our work has revealed an extensive surface record
of Western Stemmed Tradition (WST) occupations
associated with a fluvial system that fed pluvial Lake
Guano during the terminal Pleistocene/early Holocene
(TP/EH).

2. Background
Guano Valley is located about 70 km east of Lakeview, Oregon in the northwestern Great Basin. It is a
CONTACT Derek J. Reaux
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complex graben down-dropped from a broad basaltic
plateau, similar to the Warner and Alvord basins to
the west and east, respectively. Relative to those
neighboring basins, Guano Valley is small and has a
drainage basin of only ∼2200 km2 (Figure 1). Mean
annual precipitation ranges from about 50 cm/year
near Hart Mountain northwest of the basin to about
30 cm/year on the playa in the northern valley (Daly
et al. 2008). The main drainages feeding Guano Valley
include Catnip and Rye creeks as well as an unnamed
stream coming from the south, Sagehen Creek coming
from the northeast, Guano Creek coming from the
northwest, and Jack and Piute creeks coming from
the west, all of which drain to the playa (about
1582 m above sea level (asl)). Guano Valley has one
outlet – Guano Slough – which carried water downstream into Catlow Valley during wet periods in the
past.
Prior to our work, little was known about Guano
Valley’s hydrological or cultural history. One of Israel
Russell’s assistants visited the valley during an early
reconnaissance trip to southern Oregon and reported
that Guano Valley must have contained a shallow Quaternary lake (Russell 1884). They failed to note Guano
Slough or any shorelines but mentioned the small playa
lake. The next year, Russell (1885) included pluvial
Lake Guano in his Lake Lahontan monograph; this
remains one of the few representations of the lake
in the literature (also see Orme 2008). Since then,
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Figure 1 Overview of Guano Valley with locations mentioned in the text.

Guano Valley has received minimal attention from
Quaternary geologists. Similarly, limited archaeological
research has occurred. Luther Cressman (1936) traveled
through the valley, recording excavations at Guano
Cave and some artifacts near Shirk Ranch in the northern valley (see Figure 1). Subsequent work has consisted mostly of cultural-resource management (CRM)

projects conducted in a piecemeal fashion throughout
the valley.

3. Project goals and methods
Since 2010, the University of Nevada, Reno’s Great Basin
Paleoindian Research Unit (GBPRU) has focused on
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developing a better understanding of Paleoindian land use
in the northwestern Great Basin. Five years of research in
Oregon’s Warner Valley revealed that groups using fluted
and WST points occupied the shores of pluvial Lake Warner prior to and/or during the Younger Dryas (about
12,900–11,600 cal yr BP) (Smith et al. 2015; Wriston and
Smith 2017). As the lake receded, groups using WST
points moved onto the valley floor, which was dry by
about 9650 cal yr BP. To place our Warner Valley results
into a broader context, we refocused our efforts on nearby
Guano Valley, which was essentially a blank spot in our
understanding of regional TP/EH archaeology. Our primary goals were: (1) reconstruct Guano Valley’s hydrological history; (2) locate and record Paleoindian sites; (3)
collect tools and debitage for technological and source provenance analysis; and (4) compare Guano Valley’s record
to those of neighboring basins, with the ultimate goal of
creating a regional model of Paleoindian land use. The
final goal is a long-term endeavor; here, we focus on preliminary results related to the other three goals.
In 2016, our geomorphological investigations focused
on basic features including a weakly developed shoreline,
the playa floor, the outflow channel to Guano Slough at
the valley’s north end, and a series of anastomosing channels at the valley’s south end fed by Catnip Creek, Rye
Creek, and another unnamed drainage. Additionally, we
opened two backhoe trenches across two of the channels
to gain an understanding of their hydrological history
and attempt to locate datable organic material. Our archaeological investigations included reviewing previously
recorded sites and CRM reports and conducting non-random survey around the valley (using both transects and
spot-checks of presumed high-probability locations) on
public lands administered by the United States Fish and
Wildlife Service (USFWS) and the Bureau of Land Management (BLM). While our choice of survey locations was
completely intuitive, we visited a wide range of landforms
across the valley and believe this has provided us with a
good sense of where Paleoindian sites are (and are not)
located. Based on our 2016 findings, we focused our 2017
efforts on recording several extensive Paleoindian assemblages associated with the channel system in the valley’s
south end. We also excavated three more backhoe trenches
within the channel system to expand our view of the subsurface record and search for additional datable materials.

4. Results
4.1. Geomorphological investigations and
interpretations
Most lake basins in south-central Oregon display distinctive “staircases” of erosional shorelines extending high
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above their respective playas. This is not the case in
Guano Valley. The lack of obvious high shorelines in
Guano Valley suggests that either there was never a
deep lake there or that a lake was present so long ago
that traces of it have been largely erased. The presence
of the relatively low elevation outlet at the north end of
Guano Valley, which flows downstream into Catlow Valley, indicates that the former scenario is likely. The
elevation of the outlet’s sill probably controlled the maximum level of Guano Lake though time. The exact location
and elevation of the sill are equivocal because infilling of
the outlet channel by Holocene alluvium from both the
east and the west may have occurred. Modern topography
interpreted from 1:24,000 scale topographic maps and a
10-m DEM derived from them indicate that Guano Valley’s playa is closed at an elevation of about 1586 m
ASL. At that elevation, the playa is separated from Shirk
Lake to the north by a broad (about 200–300 m) curvilinear sandy ridge. The surface of the ridge is slightly irregular and ranges in elevation from 1586 to 1590 masl. The
feature may be a beach ridge, lunette dune, or combination of both landform types. The variability in its crestal
height may be a function of eolian reworking and deposition. Directly north, the minimum elevation of the outlet
channel for Shirk Lake is about 1590 masl, but this channel appears to have been cut across the toe of an alluvial
fan/fan delta built at the mouth of Guano Creek as it
enters the valley. If the Guano Creek fan is a Holocene feature, then the actual outlet of Guano Valley may have been
lower. Interpretation of aerial imagery and surveying
suggests that the outlet of the basin was located about
5 km north of Shirk Lake where the channel narrows
through a bedrock gap that represents the northern
limit of ponding. The elevation of the channel floor in
the gap is about 1584 masl.
We also identified and surveyed a small sandy beach
ridge representing a former lake level on the valley’s
west side near the base of the basin-bounding fault
scarp at about 1584.5 masl. This feature may represent
the highstand of a relatively recent lake, perhaps the TP
highstand, because its elevation is consistent with the
lake spilling through its northern outlet. Other
shorelines at this elevation surrounding the basin are
scarce. Because the lowest part of the Guano Lake playa
is at about 1582 masl, pluvial Lake Guano would have
probably only been a few meters deep when it began to
spill and export water downstream to pluvial Lake Catlow.
At such times, pluvial Lake Guano would have covered
about 77 km2, but much of that area may have consisted
of relatively shallow and potentially productive wetlands.
The most conspicuous landform related to the paleohydrology of Guano Valley is found at its south end.
There, a broad, gently north-sloping surface is incised
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by several ephemeral branches of Catnip Creek. This surface represents a fluvial terrace that is covered by multiple
cross-cutting and overlapping meandering or anastomosing channels of various sizes (Figure 2). The upstream
(south) end of this terrace is difficult to pinpoint exactly
but has an elevation of about 1595 masl. The terrace
extends about 8 km to the north and abruptly terminates
at about 1586 masl, but the contact is more apparent on
aerial imagery than in the field. North of that contour,
there are only a few ephemeral channels that become captured by large, north-northeast trending fissures as they
flow toward the playa. The far-field slope of the terrace

is about 0.001 m/m but the gradient of the channels is a
bit less because of their meandering planforms.
The channels on the surface range in width from about
20 to 100 m and are shallowly incised into the relatively
fine-grained surface of the terrace. Although the channels
are well defined in satellite imagery, their traces are much
subtler on the ground. The channels are floored by silty
clays with prominent desiccation polygons and covered
by various amounts of tansy mustard, sagebrush, and
other desert vegetation. They exhibit meandering or anastomosing planforms but there is minimal evidence of
dynamism (e.g., meander scrolls, cutoffs, oxbows),

Figure 2 Close-up of southern Guano Valley showing the CCD, locations of backhoe trenches, and other features discussed in the text.
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suggesting that their locations were fairly static when
active. There is, however, abundant evidence of cross-cutting relations with some channels clearly truncating or
overprinting others, indicating that there is a complex history that remains to be worked out.
The size of the terrace (about 20 km2) and the abundance and characteristics of the channels themselves
suggest that the surface formed over a significant but
unknown period of time and was graded to a stable
base level represented by the north end of the surface
at about 1586 masl. The most likely base level was the
surface of pluvial Lake Guano, which in turn was controlled by the elevation of the sill at the valley’s north
end. Together, this evidence indicates that the channelized surface represents a low-gradient delta that flowed
into pluvial Lake Guano during wetter times. We herein
refer to the terrace as the Catnip Creek Delta (CCD).
The surface of the CCD appears to be little modified
since it was abandoned, other than the accumulation of
a thin layer of dust in the form of an Av horizon covering
most of the surface and the cutting of a few small channels
accommodating local runoff that are inset into the larger
paleochannels. There is little evidence of subsequent fluvial or eolian erosion of this surface in the form of eolian
erosional features (e.g., yardangs), inverted channels, or
downwind accumulations of dunes. These types of features are relatively common in basin-bottom locations
that have undergone significant eolian erosion such as
the Old River Bed Delta in the Bonneville basin (Madsen,
Schmitt, and Page 2015) and the west arm of the Black
Rock Desert of the Lahontan basin (Adams et al. 2008),
but are lacking at the CCD. The excellent preservation
of the CCD surface indicates that the archaeological
sites found there are likely intact and represent original
deposition of the artifacts.
We excavated five backhoe trenches within the CCD in
an effort to locate datable samples that could be used to
constrain the maximum age of the delta’s surface (see
Figure 2). In 2016, we placed Trench 2016-1 across the
right bank (looking downstream) of one of the channels
and Trench 2016-2 on a broad interfluve between channels. In 2017, we excavated three more trenches (2017-1,
2017-2, and 2017-3) across the margins of the channels.
The stratigraphy exposed in all trenches was similar, and
a representative profile is shown in Figure 3. This profile
has a basal unit (Unit E) of cross-bedded sands and fine
rounded gravels ( ≤ 5 cm) that is abruptly overlain by a
thin bedded fine to coarse sand and grit unit (Unit D) displaying evidence of soft sediment deformation. This unit
fines upward into a sandy silt with sand lenses (Unit C)
that, in turn, is capped by a sandy clayey silt (Unit B).
Inset into Unit B is a silty clay unit (Unit A), which represents sediment deposited in the surface channels. All
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of the sandy units below the silty clay show abundant evidence of manganese- and iron-oxide precipitation in the
form of blebs, stringers, and lenses that accentuate the bedding of the units (Figure 3). Exposed stratigraphy in two
borrow pits located within the CCD is similar to that
exposed in the backhoe trenches. Despite our trenching
efforts, we did not locate organic material for radiocarbon
dating but did collect reworked tephra lenses in trenches
2016-2, 2017-1, and 2017-2. Unfortunately, analyses and
correlation of two of the tephra samples at Concord University indicate that they both consist of a mixture of glass
shards, probably from multiple sources including late
Quaternary tephras and Tertiary tuffs in the region
(Steve Kuehn, personal communication, 2017).
Based on our preliminary findings, we can surmise the
following about the valley’s hydrological history: (1)
when full, pluvial Lake Guano would have been shallow
(about 2–4 m), overflowing the sill at the north end the
basin, and sending water downstream into Catlow Valley
via Guano Slough; (2) the elevations of shoreline features
and the distal end of the CCD suggest that pluvial Lake
Guano’s maximum elevation would have been about
1585–1586 masl, and its maximum surface area would
have been about 77 km2; (3) the relatively low volume
of pluvial Lake Guano when it was spilling suggests
that it may have reached its maximum extent several
times during wet periods within the TP/EH; (4) the
CCD was likely active for an extended, albeit unknown,
period when pluvial Lake Guano was spilling to the
north; and (5) the CCD and valley floor’s margins,
where the lake would have been shallowest, likely fostered riparian and lacustrine resources.
4.2. Archaeological investigations: Site
distribution and raw-material use and
conveyance
Our intuitive visits to various locations in northern and
central Guano Valley early in the project, which included
numerous places along the 1585–1586 masl shoreline,
revealed an abundance of sites containing middle/late
Holocene projectile points but a paucity of diagnostic
TP/EH artifacts. Fourteen days of survey produced just
nine WST projectile points north of the CCD. Given the
scarcity of Paleoindian sites in our early surveys we did
not anticipate discovering much in the CCD, but we
were wrong. We uncovered a significant record of Paleoindian occupation rarely seen across the Great Basin.
To date, we have recorded 637 WST points, 24 crescents, 14 unfluted concave-base points, and 1 fluted
point within and adjacent to the CCD (Figure 4). Most
projectile points are recognizable as such because they
are diagnostic basal fragments, and the actual number
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Figure 3 Typical stratigraphic profile of sediments found beneath the surface of the CCD. Brief descriptions of the different units are
found within the text. The photograph on the right shows portions of the lower two units (E and D) and the wavy, deformed contact
between them.

of WST and concave-base points in the area is probably
much higher. It is also likely that avocational artifact collectors have long frequented the area, removing an
unknown number of diagnostic artifacts. Middle and
late Holocene point types are intermixed with TP/EH
point types, but diagnostic Paleoindian artifacts outnumber diagnostic Archaic artifacts by more than three to
one (Table 1). We also recorded more than 1600 bifaces
in various stages of reduction and 248 flake tools.
Ground-stone implements are present but very rare.
Waste flakes number in the millions and form a variable-density veneer across the CCD that in some places
reaches 100+ flakes per square meter. Over 99 per cent
of the Paleoindian points and the vast majority of all artifacts are made from obsidian.
Figure 5 illustrates the spatial distribution of Paleoindian projectile points and crescents across the delta. The
largest concentrations occur on USFWS land and, to a

lesser extent, BLM land directly east of USFWS land
where the distal end of an alluvial fan emanating out
of Stateline Canyon meets the delta. Paleoindian artifacts
extend partway up the fan, suggesting that the landform
is fairly old. Land immediately west of the CCD is administered by the State of Oregon, and while we did not
survey there in an official capacity, the artifact concentrations do not appear to extend in that direction.
South of the Oregon–Nevada state line on USFWS
land, the artifact concentrations stop and the channel
system has been buried by fine-grained flood deposits
that have accumulated behind dams constructed during
the twentieth century by the owners of the IXL Ranch
(USFWS 2012). Until those dams were constructed,
what is a wet meadow today was likely a continuation
of the CCD channel system and the extensive surface
sites described above – a possibility supported by the
fact that WST sites are present along the margins of

PALEOAMERICA
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Figure 4 A representative sample of Paleoindian artifacts from the CCD: (A) fluted point; (B–D) unfluted concave-base points; (E–K) WST
points; and (L–O) crescents.

the wet meadow all the way south to the IXL Ranch
(Christian 1996).
To gain an understanding of the Paleoindian toolstone-procurement strategies in Guano Valley, we geochemically characterized 562 projectile points and
crescents using an Olympus Delta DP-6000 portable Xray fluorescence (XRF) spectrometer at UNR’s GBPRU
lab.1 Alex Nyers of the NWROSL characterized nine
additional diagnostic TP/EH artifacts. Four trends are

immediately apparent in the sample of sourced artifacts
(Table 2). First, the sample is incredibly diverse with 34
geochemical types of obsidian and FGV represented.
This substantial diversity is probably in part due to the
large number of artifacts we have characterized. Second,
the sample is dominated by Massacre Lake/Guano Valley
(ML/GV) obsidian (about 36 per cent; n = 204), which is
present across large areas of northwestern Nevada and
southern Oregon. Locally, ML/GV cobbles occasionally
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Table 1 Artifact frequencies within and adjacent
to the CCD.
Artifact type

n

Projectile pointsa
WST
637
Fluted
1
Concave base
14
Large side-notched
37
Elko series
82
Humboldt
24
Gatecliff series
27
Rosegate
42
Crescents
24
Bifaces
1614
Cores
41
Retouched flakes
248
Ground stone
7
a
Counts of middle and late Holocene point types based on
“in-field” determinations. Final determinations will be
made using Thomas’ (1981) Monitor Valley Key. As
such, some specimens may be reclassified.

occur within the delta’s channels and more commonly
along the piedmonts that flank the valley floor. Beatys
Butte obsidian is the second-most well-represented toolstone type in the sample (about 14 per cent; n = 82). That
material primarily occurs in northeastern Guano Valley
and parts of Catlow Valley; however, several of the
unmodified cobbles that we collected from the channels
for our geological reference collection geochemically
grouped with both the Beatys Butte and Badger Creek
types. As such, both of those obsidian types appear to
be locally available. Third, the non-local obsidian and
FGV types (i.e., geochemical types other than ML/GV,
Beatys Butte, and Badger Creek) in the sample originated
from sources located between about 21 and 250 km from
the CCD (Figure 6). Most (about 69 per cent; n = 166) of
the artifacts made from non-local toolstone originate
from sources located to the south and southwest of
Guano Valley in northwestern Nevada and northeastern
California. Finally, 32 (about 6 per cent) of the sourced
artifacts (mostly those made from FGV) are currently
assigned to unknown geochemical types, which is probably in part a function of our growing but still incomplete raw-material comparative collection. The trace
element profiles of 23 of those 32 artifacts form six distinct clusters, suggesting that there may be at least 40
different toolstone types represented in the sample.

5. Discussion
The very high number of diagnostic TP/EH projectile
points within the relatively confined CCD makes it one
of the densest concentrations of Paleoindian artifacts in
the northwestern Great Basin. Our analyses of the
assemblages are still in their infancy; however, moving
forward a major goal of our work will be to understand
why groups were drawn to the area. Guano Valley lacks

well-developed shorelines, suggesting that there was
never a large lake in the basin. Additionally, the early
sites are not associated with any shoreline features that
we have identified. Instead, they are tied to the delta’s
channels, located several kilometers south of the hypothesized edge of pluvial Lake Guano when it occupied its
maximum extent (see Figure 5). In that regard, the Sunshine Locality in eastern Nevada (Beck and Jones 2009)
and Utah’s Old River Bed Delta (Madsen, Schmitt, and
Page 2015), which are also associated with relict fluvial
systems, may provide relevant analogs. Our current
working hypothesis is that the CCD provided a relatively
stable riparian zone during wet periods. Because it is fed
by several substantial drainages (e.g., Catnip and Rye
creeks) debouching from tablelands to the south, and
because pluvial Lake Guano could never have flooded
the delta due to the low overflow sill at the north end
of Guano Valley, the CCD may have been attractive to
early groups for relatively long periods – a possibility
supported by the sheer volume of lithic detritus found
there. This remains a hypothesis to be tested because
our attempts to develop a lake-level chronology, which
could indicate when the valley contained substantial surface water, have so far been unsuccessful. The presence of
middle and late Holocene points in the CCD and the fact
that water seasonally fills the channels and wet meadows
to the south (Figure 7) suggest that the area remained
attractive later in time as well.
In many regards, the association of the TP/EH sites
with the CCD’s channels conforms to current models
of Paleoindian land use. First, the CCD represents an
ecotone where varied resource types co-occur near one
or more reliable streams (sensu Pinson 2007). It would
have offered groups immediate access to: (1) riparian
plants such as cattails (Typha latifolia); (2) large game
including bighorn sheep (Ovis canadensis), which
today descend from the valley’s rims to graze and
drink, and pronghorn (Antilocapra americana), which
today occupy the valley floor; (3) small game and waterfowl; (4) high-quality obsidian; and (5) access to nearby
tablelands via the major drainages that drain into
southern Guano Valley. The sites’ settings are wholly
consistent with Pinson’s (2007) assertion that most substantial TP/EH sites in the northwestern Great Basin are
located in lowland ecotones.
Second, the CCD is in an ideal location from which
Paleoindians could have hunted artiodactyls using an
intercept strategy. Recently, Elston, Zeanah, and Codding
(2014) noted that TP/EH sites in Railroad Valley, Nevada,
cluster along drainages entering the basin. They argued
that such locations would have offered access to artiodactyls drawn to riparian areas for forage and water or
moving through them during seasonal migrations.
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Figure 5 Distribution of Paleoindian projectile points within the CCD.

Furthermore, they posited that the association
between early sites and riparian corridors is likely a
regional pattern manifested elsewhere including in
Utah’s Old River Bed (Madsen, Schmitt, and Page
2015), Nevada’s Sunshine Wash (Beck and Jones 2009),
and Nevada’s Lincoln County (Mullins et al. 2013). Closer

to Guano Valley, TP/EH sites in northern Warner Valley
and Hawksy Walksy Valley are especially concentrated
around relict drainages that would have brought water
into those basins (Christian 1997; Smith et al. 2015).
Third, if Elston, Zeanah, and Codding’s (2014) suggestion that a sexual division of labor was in place during
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Table 2 Raw-material sources represented in the CCD sample.
Artifact type
Geochemical type

Distance to source (km)a

WST

Alturas FGV, CA
105
6
Badger Creek, NV/OR
<1
27
Beatys Butte, OR
<1
80
Beatys Butte B, OR
46
2
Blue Spring, CA
68
3
a
72
7
BS/PP/FM, NV
Buck Mountain, CA
72
26
Buffalo Hills, NV
133
1
Cowhead Lake, CA
45
43
Coyote Springs FGV, NV
44
16
Coyote Wells, OR
222
1
Craine Creek, NV
61
1
Double H/Whitehorse, NV/OR
121
9
Double O, OR
139
2
Drews Creek/Butcher Flat, OR
111
1
191
2
GF/LIW/RSc
Glass Buttes Varieties 3, 6, 9, OR
181
4
Hawks Valley, NV/OR
30
18
Horse Mountain, OR
137
7
Indian Creek Butte, OR
170
1
Long Valley, NV
21
10
Massacre Lake/Guano Valley, NV/OR
<1
185
Mosquito Lake, CA
32
29
Quartz Mountain, OR
191
1
Rainbow Mines, CA
68
7
Riley, OR
165
2
Spodue Mountain, OR
140
1
Sugar Hill, CA
71
4
Surveyor Springs, NV/OR
39
6
Tank Creek, OR
161
1
Venator, OR
236
1
Wagontire, OR
152
2
Warner Valley FGV, OR
89
1
Whitewater Ridge, OR
250
1
Unknown Obsidian and FGVs
n/a
31
Total
539
a
Euclidian distances measured from CCD to nearest known source of each raw-material type.
b
Bordwell Spring/Pinto Peak/Fox Mountain.
c
Grasshopper Flats/Lost Iron Well/Red Switchback.

the TP/EH (we think it was), then women may have supplemented men’s artiodactyl hunting by collecting locally
available cattail or other geophytes along the CCD.
McGuire and Stevens (2017) have highlighted the potential importance of cattail, which offers one of the highest
energetic returns of any Great Basin plant foods, to early
diets. They suggest that geophyte collecting using digging
sticks might be recognizable in the archaeological record
through an abundance of formed flake tools and a paucity of ground stone at sites. Both of those characteristics
are present in the CCD record.
Fourth, various researchers (e.g., Jones et al. 2003;
Kuhn 1995; Smith 2011; Surovell 2009) have suggested
that high proportions of local toolstone in assemblages
reflect longer occupations, whereas high proportions of
non-local toolstone in assemblages reflect shorter occupations. The underlying assumption of this idea is that
when groups initially occupied a site, all of their tools
would have been made from materials acquired elsewhere. As occupation span increased and those nonlocal tools were depleted, they would have been

Crescent

1
1

Fluted

Concave base
2
1

1

1

1

1

2
10

1
17

1
9

1

14

Total
6
29
82
4
3
7
28
1
43
17
1
1
9
2
1
2
4
18
7
1
13
204
29
1
7
2
1
4
6
1
1
2
1
1
32
571

replaced with tools made from local materials. While
they cannot provide estimates of “real-time” occupation
(i.e., days, weeks, months), ratios of local to non-local
toolstone may help us to understand if one site was
occupied longer than another. Table 3 shows the proportions of geochemically characterized projectile points
made from local and non-local toolstone for nine
Paleoindian sites along the Nevada–Oregon border.
The CCD ratio (1.41) is among the highest in the
sample. Obsidian debitage blankets the CCD and
often occurs in very dense concentrations. Tested cobbles, cores, early-stage bifaces, and cortex-bearing flakes
are common. While we have not geochemically characterized these artifacts, we anticipate that they will confirm the heavy use of local toolstone indicated by the
sample of sourced projectile points. The sheer volume
of lithic detritus, together with the high proportion of
local toolstone in our characterized artifact sample,
suggests that groups may have spent relatively long
periods in the CCD during which time they manufactured, used, and discarded a wide range of implements.
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Figure 6 Location of Catnip Creek Delta with the distribution of toolstone types represented in the sample of geochemically characterized Paleoindian artifacts.

Finally, the non-local obsidian types in the CCD projectile-point sample primarily occur in the rugged tablelands and mountains of northwestern Nevada and
northeastern California, which may reflect those areas
that visitors to the CCD last frequented before arriving
at southern Guano Valley. Many of those obsidian types
also occur in Paleoindian assemblages from the Parman
Localities (Smith 2007), Last Supper Cave (Felling 2015;
Smith 2008), Hanging Rock Shelter (Smith, LaValley,
and Skinner 2011), and Hawksy Walksy Valley (Christian 1997; unpublished data). This consistency among
the source profiles of WST sites in northwestern Nevada
and south-central Oregon may reflect a socioeconomic
range through which early populations traveled

(Smith 2010), largely within the rugged tablelands and
deep canyons of northwestern Nevada’s High Rock
Country (Layton 1970). We observed several WST
points and crescents in the major drainages that feed
the CCD from the south, suggesting that groups entered
and/or exited the CCD (probably the former given that
most artifacts are made from sources located to the
south and southwest) via the canyons. Interestingly,
the source profile for Paleoindian assemblages from
neighboring northern Warner Valley (Smith et al.
2015) is very different. There, tools are made from
materials that overwhelmingly originated around the
large pluvial lake basins and Cascade-Great Basin interface of central Oregon. Whether or not such difference
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Figure 7 Overview of the Catnip Creek Delta (center) showing the Stateline Canyon alluvial fan (lower left) and wet meadows with
standing water that formed behind dams associated with the IXL Ranch (upper left). Photo looking southwest taken July 2017.

reflects the presence of multiple regional populations
remains unknown.

6. Conclusions
Prior to the start of our project, little was known about
the hydrological and cultural history of Guano Valley.
Due to its small size and a paucity of clear relict lake features, we anticipated that the valley would contain fewer
traces of Paleoindian occupation than larger, adjacent

basins in the region. Fortunately, we were wrong –
Guano Valley contains an incredibly rich surface record
of WST sites on par with other significant Great Basin
locations (e.g., the Sunshine Locality, the Parman
Localities, the Old River Bed Delta). Certainly, much
work remains to be done to refine our understanding
of Guano Lake’s history and the conditions that characterized the valley when early groups visited the area. Furthermore, we must conduct detailed technological and
spatial analyses of the CCD assemblages to identify

Table 3 TP/EH sites with distances to nearest toolstone source, number of projectile points made from local and non-local toolstone,
and local to non-local toolstone ratios. Higher ratio values suggest longer stays.
Site

Nearest toolstone (km)
b

Local toolstonea

Non-local toolstone

Local:non-local ratio

Reference

<1
22
13
1.69
Smith (2008)
Last Supper Cave
Hanging Rock Shelter
∼7
13
17\
0.76
Smith, LaValley, and Skinner (2011)
Parman Locality 1
∼5
28
32
0.88
Smith (2007)
Parman Locality 3
∼3
11
16
0.69
Smith (2007)
35HA840 (Hawksy Walksy)
<1
40
35
1.14
Unpublished
35HA2587 (Hawksy Walksy)
<1
16
12
1.33
Unpublished
35HA2598 (Hawksy Walksy)
<1
9
7
1.29
Unpublished
35HA2599 (Hawksy Walksy)
<1
20
18
1.11
Unpublished
Catnip Creek Delta
<1
315
224
1.41
This study
a
Local toolstone is defined as any toolstone source found within a 20-km radius of the site.
b
In 2008, Smith noted that one WST point was made from Bog Hot Springs obsidian, the location of which was unknown. Since then, researchers have recognized
that Bog Hot Springs and Craine Creek, the location of which is known, refer to the same geochemical type. As such, the Last Supper Cave data in this table
include one additional WST point made from Craine Creek obsidian not included in Smith’s (2008) totals.
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how they accumulated (i.e., over a short but intense
period of occupation or through repeated visits over centuries or millennia).
Despite the fact that more in-depth analyses are only
beginning, our preliminary results do permit us to paint
a coarse-grained picture of Paleoindian lifeways in
Guano Valley. Pluvial Lake Guano was never deep or
especially large because its maximum elevation was constrained by an outflow channel at the valley’s north end.
The shallow lake’s margins would likely have fostered
abundant stands of cattail and other aquatic plants. A
few WST points found within more extensive lithic scatters along the basin’s margins suggest that early groups
visited but did not frequent the lakeshores. Instead,
most early activity was focused on the fluvial system
within the CCD. The channels probably fostered productive riparian habitat that attracted a variety of game
including ungulates. The association of the WST-point
sites and the channels in Guano Valley is consistent
with recent models of TP/EH lifeways that emphasize
the importance of fluvial environments (Elston, Zeanah,
and Codding 2014; Madsen, Schmitt, and Page 2015). In
addition to offering food resources, the CCD provided
high-quality obsidian and access to the volcanic tablelands that characterize the rugged High Rock Country
south of Guano Valley. It was likely the combination
of these factors that drew early populations to the area.
What remains to be determined is: (1) did the sites
form over a relatively short or long period; (2) are
there discernable concentrations of projectile points
and/or other tool types that may reveal discrete activity
areas; and (3) are there clusters of different raw-material
types that may reflect spatially or temporally discrete
reduction episodes and/or occupations? We will direct
our future efforts towards addressing these and other
questions.

Note
1. To geochemically characterize artifacts, we used an
Olympus Delta DP-6000 portable XRF spectrometer
attached to an Olympus Portable WorkStation (see
Goodale et al. (2012) for an assessment of this model).
The Delta model uses a 40 kV Rhodium (Rh) anode
X-Ray tube and Olympus Innov-X Systems software.
We employed the fundamental parameters calibration
provided by the Innov-X software and ran our device
using the two-beam (40 and 10 kV) GeoChem mode
at 60 seconds per beam. To build our comparative collection, we initially characterized nearly 1000 previously
sourced artifacts analyzed by the Northwest Research
Obsidian Studies Laboratory (NWROSL) between
2004 and 2013. Over 60 geochemically distinct obsidian/FGV types from the northwestern Great Basin
are represented in that sample. Additionally, over the
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last two years we visited known obsidian and FGV
source locations around the northwestern Great Basin
to collect geologic samples to build a more robust comparative collection. Our comparative collection currently contains 90 geochemically distinct obsidian and
FGV types from our study area. To make source assignments, we analyzed ratios (in parts per million) of the
Mid-Z elements strontium (Sr), zirconium (Zr), niobium (Nb), yttrium (Y), and rubidium (Rb) using bivariate scatterplots provided by GAUSS 8.0 and R software.
To assess the accuracy of our in-house assignments
using these methods, we submitted 43 previously
uncharacterized artifacts from the Parman Localities
(Smith 2007) to the NWROSL for geochemical characterization. Our source assignments of those artifacts
matched the NWROSL’s source assignments perfectly,
indicating that our results are very accurate. We recognize that while our current methodology generates accurate results, our data may not be directly comparable to
those generated using empirical calibrations based on
geologic standards.
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