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A First Look at the Terminal Pleistocene/Early Holocene Record of Guano Valley,
Oregon, USA
Derek J. Reaux a, Geoffrey M. Smitha, Kenneth D. Adamsb, Sophia Jamaldina, Nicole D. Georgea, Katelyn Mohra,
and Richard L. Rosencrance a

aGreat Basin Paleoindian Research Unit, Department of Anthropology, University of Nevada, Reno, NV, USA; bDesert Research Institute, Reno,
NV, USA

ABSTRACT
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.

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

1. Introduction

Cave and rockshelters have provided a wealth of infor-
mation about early lifeways in the Great Basin (Goebel
et al. 2011; Jenkins et al. 2013); however, most Paleoin-
dian 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 obsi-
dian 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 archae-
ological 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 Lake-
view, Oregon in the northwestern Great Basin. It is a

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 down-
stream 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 Qua-
ternary 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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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 north-
ern valley (see Figure 1). Subsequent work has con-
sisted 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

Figure 1 Overview of Guano Valley with locations mentioned in the text.
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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
andWST points occupied the shores of pluvial LakeWar-
ner 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 pri-
mary goals were: (1) reconstruct Guano Valley’s hydrolo-
gical history; (2) locate and record Paleoindian sites; (3)
collect tools anddebitage for technological and source pro-
venance 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 pre-
liminary 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 chan-
nels 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 organicmaterial. Our archae-
ological investigations included reviewing previously
recorded sites and CRM reports and conducting non-ran-
dom 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 theBureauof LandManage-
ment (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 assem-
blages associated with the channel system in the valley’s
south end.We also excavated three more backhoe trenches
within the channel systemtoexpandour viewof the subsur-
face record and search for additional datable materials.

4. Results

4.1. Geomorphological investigations and
interpretations

Most lake basins in south-central Oregon display distinc-
tive “staircases” of erosional shorelines extending high

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 Val-
ley, indicates that the former scenario is likely. The
elevation of the outlet’s sill probably controlled the maxi-
mum 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 thewestmay have occurred.Modern topography
interpreted from 1:24,000 scale topographic maps and a
10-m DEM derived from them indicate that Guano Val-
ley’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) curvi-
linear sandy ridge. The surface of the ridge is slightly irre-
gular and ranges in elevation from 1586 to 1590masl. The
feature may be a beach ridge, lunette dune, or combi-
nation of both landform types. The variability in its crestal
height may be a function of eolian reworking and depo-
sition.Directly north, theminimumelevationof the outlet
channel for Shirk Lake is about 1590 masl, but this chan-
nel 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 theGuanoCreek fan is aHolocene fea-
ture, then the actual outlet ofGuanoValleymayhave 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 exportwater downstream to pluvial LakeCatlow.
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 paleo-
hydrology 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 sur-
face represents a fluvial terrace that is covered bymultiple
cross-cutting and overlappingmeandering or anastomos-
ing 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 cap-
tured 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 ana-
stomosing 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-cut-
ting relations with some channels clearly truncating or
overprinting others, indicating that there is a complex his-
tory that remains to be worked out.

The size of the terrace (about 20 km2) and the abun-
dance 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 con-
trolled by the elevation of the sill at the valley’s north
end. Together, this evidence indicates that the channe-
lized 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 flu-
vial 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 fea-
tures 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 chan-
nels. 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) dis-
playing 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 rep-
resents sediment deposited in the surface channels. All

of the sandy units below the silty clay show abundant evi-
dence of manganese- and iron-oxide precipitation in the
formof blebs, stringers, and lenses that accentuate the bed-
ding 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 Uni-
versity 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 fos-
tered 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
werewrong.Weuncovered a significant record of Paleoin-
dian occupation rarely seen across the Great Basin.

To date, we have recorded 637 WST points, 24 cres-
cents, 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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of WST and concave-base points in the area is probably
much higher. It is also likely that avocational artifact col-
lectors 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 outnum-
ber 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 vari-
able-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 arti-
facts are made from obsidian.

Figure 5 illustrates the spatial distribution of Paleoin-
dian 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 admi-
nistered by the State of Oregon, and while we did not
survey there in an official capacity, the artifact concen-
trations 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

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.
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the wet meadow all the way south to the IXL Ranch
(Christian 1996).

To gain an understanding of the Paleoindian tool-
stone-procurement strategies in Guano Valley, we geo-
chemically characterized 562 projectile points and
crescents using an Olympus Delta DP-6000 portable X-
ray 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 byMassacre 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

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.
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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 tool-
stone 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 prob-
ably in part a function of our growing but still incom-
plete raw-material comparative collection. The trace
element profiles of 23 of those 32 artifacts form six dis-
tinct 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 hypoth-
esized edge of pluvial Lake Guano when it occupied its
maximum extent (see Figure 5). In that regard, the Sun-
shine 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 sur-
face 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 water-
fowl; (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 sub-
stantial 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 RailroadValley, Nevada,
cluster along drainages entering the basin. They argued
that such locations would have offered access to artio-
dactyls drawn to riparian areas for forage and water or
moving through them during seasonal migrations.

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
aCounts 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.
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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),
andNevada’s LincolnCounty (Mullins et al. 2013). Closer

to Guano Valley, TP/EH sites in northernWarner 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) sug-
gestion that a sexual division of labor was in place during

Figure 5 Distribution of Paleoindian projectile points within the CCD.
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the TP/EH (we think it was), then women may have sup-
plemented men’s artiodactyl hunting by collecting locally
available cattail or other geophytes along the CCD.
McGuire and Stevens (2017) have highlighted the poten-
tial 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 pau-
city 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 occu-
pations. 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 else-
where. As occupation span increased and those non-
local tools were depleted, they would have been

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 pro-
portions 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 cob-
bles, cores, early-stage bifaces, and cortex-bearing flakes
are common. While we have not geochemically charac-
terized these artifacts, we anticipate that they will con-
firm 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 manufac-
tured, used, and discarded a wide range of implements.

Table 2 Raw-material sources represented in the CCD sample.

Geochemical type Distance to source (km)a
Artifact type

TotalWST Crescent Fluted Concave base

Alturas FGV, CA 105 6 6
Badger Creek, NV/OR < 1 27 2 29
Beatys Butte, OR < 1 80 1 1 82
Beatys Butte B, OR 46 2 1 1 4
Blue Spring, CA 68 3 3
BS/PP/FM, NVa 72 7 7
Buck Mountain, CA 72 26 1 1 28
Buffalo Hills, NV 133 1 1
Cowhead Lake, CA 45 43 43
Coyote Springs FGV, NV 44 16 1 17
Coyote Wells, OR 222 1 1
Craine Creek, NV 61 1 1
Double H/Whitehorse, NV/OR 121 9 9
Double O, OR 139 2 2
Drews Creek/Butcher Flat, OR 111 1 1
GF/LIW/RSc 191 2 2
Glass Buttes Varieties 3, 6, 9, OR 181 4 4
Hawks Valley, NV/OR 30 18 18
Horse Mountain, OR 137 7 7
Indian Creek Butte, OR 170 1 1
Long Valley, NV 21 10 2 1 13
Massacre Lake/Guano Valley, NV/OR < 1 185 10 9 204
Mosquito Lake, CA 32 29 29
Quartz Mountain, OR 191 1 1
Rainbow Mines, CA 68 7 7
Riley, OR 165 2 2
Spodue Mountain, OR 140 1 1
Sugar Hill, CA 71 4 4
Surveyor Springs, NV/OR 39 6 6
Tank Creek, OR 161 1 1
Venator, OR 236 1 1
Wagontire, OR 152 2 2
Warner Valley FGV, OR 89 1 1
Whitewater Ridge, OR 250 1 1
Unknown Obsidian and FGVs n/a 31 1 32
Total 539 17 1 14 571
aEuclidian distances measured from CCD to nearest known source of each raw-material type.
bBordwell Spring/Pinto Peak/Fox Mountain.
cGrasshopper Flats/Lost Iron Well/Red Switchback.
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Finally, the non-local obsidian types in the CCD pro-
jectile-point sample primarily occur in the rugged table-
lands 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 (Chris-
tian 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 inter-
face of central Oregon. Whether or not such difference

Figure 6 Location of Catnip Creek Delta with the distribution of toolstone types represented in the sample of geochemically charac-
terized Paleoindian artifacts.
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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 fea-
tures, 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 charac-
terized the valley when early groups visited the area. Fur-
thermore, we must conduct detailed technological and
spatial analyses of the CCD assemblages to identify

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.

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) Local toolstonea Non-local toolstone Local:non-local ratio Reference

Last Supper Caveb < 1 22 13 1.69 Smith (2008)
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
aLocal toolstone is defined as any toolstone source found within a 20-km radius of the site.
bIn 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 cen-
turies 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 con-
strained 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 scat-
ters 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 pro-
ductive 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 table-
lands 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 col-
lection, 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 obsi-
dian/FGV types from the northwestern Great Basin
are represented in that sample. Additionally, over the

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 com-
parative collection. Our comparative collection cur-
rently contains 90 geochemically distinct obsidian and
FGV types from our study area. To make source assign-
ments, we analyzed ratios (in parts per million) of the
Mid-Z elements strontium (Sr), zirconium (Zr), nio-
bium (Nb), yttrium (Y), and rubidium (Rb) using bivari-
ate 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 charac-
terization. Our source assignments of those artifacts
matched the NWROSL’s source assignments perfectly,
indicating that our results are very accurate. We recog-
nize that while our current methodology generates accu-
rate results, our data may not be directly comparable to
those generated using empirical calibrations based on
geologic standards.

Acknowledgements

Bill Cannon (BLM)provided logistical support, and both he and
Anan Raymond (USFWS) helped us navigate the permitting
process. Kristina Wiggins, David Harvey, Jennifer Mak, and
Danielle Felling joined our survey crew for portions of the pro-
ject. Alex Nyers (Northwest Research Obsidian Studies Labora-
tory) characterized the fluted point and a small sample of WST
points from Guano Valley. Comments from three anonymous
reviewers improved the quality of the final version.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

Funding for our Guano Valley study was provided by UNR’s
Great Basin Paleoindian Research Unit, a Jonathan O. Davis
Scholarship, and the Lander Endowment of the Desert
Research Institute.

Notes on contributors

Derek J. Reaux is a PhD student at the University of Nevada,
Reno. He earned his BA at the University of Kentucky in 2014.
His research interests include the peopling of the New World,
lithic technology, and Great Basin archaeology.

Geoffrey M. Smith is an Associate Professor and Executive
Director of the Great Basin Paleoindian Research Unit, Uni-
versity of Nevada, Reno. He earned his PhD at the University
of Wyoming in 2010. His research interests include the human
colonization of the Great Basin, lithic technology, and Great
Basin archaeology.

Kenneth D. Adams is a Research Professor of Quaternary
geology and geomorphology at the Desert Research Institute,
Reno, NV. He earned his PhD at the University of Nevada,

PALEOAMERICA 13



Reno in 1997. His research interests include Quaternary
geology, geomorphology, and landscape dynamics in the
Great Basin and elsewhere.

Sophia Jamaldin is a MA student at the University of Nevada,
Reno. She earned her BA at the University of Kentucky in
2014. Her research interests include prehistoric archaeology
and lithic technology.

Nicole D. George is a PhD student at the University of Nevada,
Reno. In 2016, she earned her BA in anthropology at the Uni-
versity of California, Berkeley. Her research interests are cen-
tered on Great Basin archaeology with an emphasis on lithic
technology and Paleoindian migration during the late Pleisto-
cene and early Holocene.

Katelyn Mohr is a MA student at the University of Nevada,
Reno and a member of the Great Basin Paleoindian Research
Unit. She earned her BA at California State University, Chico
in 2015. Her research interests include lithic technology, Great
Basin archaeology, and California archaeology.

Richard L. Rosencrance is a Graduate Research Assistant of
the Great Basin Paleoindian Research Unit and MA student
at the University of Nevada, Reno. He earned his BA at
West Virginia University in 2015. His research interests
include the peopling of the Americas, the Western Stemmed
Tradition, and human adaptive strategies in the Great Basin.

ORCID

Derek J. Reaux http://orcid.org/0000-0002-4100-314X
Richard L. Rosencrance http://orcid.org/0000-0002-9961-
0874

References

Adams, Ken D., Ted Goebel, Kelly E. Graf, Geoffrey M. Smith,
Anna J. Camp, R. W. Briggs, and David Rhode. 2008. “Late
Pleistocene and Early Holocene Lake-Level Fluctuations in
the Lahontan Basin, Nevada: Implications for the
Distribution of Archaeological Sites.” Geoarchaeology 23
(5): 608–643.

Beck, Charlotte, and George T. Jones. 2009. The Archaeology of
the Eastern Nevada Paleoarchaic, Part I. The Sunshine
Locality. University of Utah Anthropological Papers 126.
Salt Lake City: University of Utah Press.

Christian, Leif J. 1996. Sundance Archaeological Research
Team Report on Field Activity in Guano Valley, Nevada 8/
6/96–8/13/96. Nevada State Museum Report No. 16–719.
Manuscript on file, Nevada State Museum, Carson City,
Nevada.

Christian, Leif J. 1997. “Early Holocene Typology, Chronology,
andMobility: Evidence from theNorthern Great Basin.”MA
thesis, Department of Anthropology, University of Nevada,
Reno.

Cressman, Luther S. 1936. Archaeological Survey of the Guano
Valley Region in Southeastern Oregon. University of Oregon
Monographs Studies in Anthropology 1. Eugene: University
of Oregon.

Daly, Christopher, Michael Halbleib, Joseph I. Smith, Wayne
P. Gibson, Matthew K. Doggett, George H. Taylor, Jan
Curtis, and Phillip P. Pasteris. 2008. “Physiographically

Sensitive Mapping of Climatological Temperature and
Precipitation across the Conterminous United States.”
International Journal of Climatology 28: 2031–2064.

Elston, Robert G., DavidW.Zeanah, andBrian F. Codding. 2014.
“Living Outside the Box: An Updated Perspective on Diet
Breadth and Sexual Division of Labor in the Prearchaic
Great Basin.” Quaternary International 352: 200–211.

Felling, Danielle C. 2015. “Paleoindian Settlement Strategies
across Time and Space in the Northwestern Great Basin:
Lithic Technological Organization at Last Supper Cave,
Nevada.” MA thesis, Department of Anthropology,
University of Nevada, Reno.

Goebel, Ted, Bryan Hockett, Kenneth D. Adams, David
Rhode, and Kelly Graf. 2011. “Climate, Environment, and
Humans in North America’s Great Basin during the
Younger Dryas, 12,900–11,600 Calendar Years Ago.”
Quaternary International 242: 479–501.

Goodale, Nathan, David G. Bailey, George T. Jones, Catherine
Prescott, Elizabeth Scholz, Nick Stagliano, and Chelsea
Lewis. 2012. “pXRF: A Study of Inter-instrument
Performance.” Journal of Archaeological Science 39: 875–883.

Jenkins, Dennis L., Loren G. Davis, Thomas W. Stafford Jr,
Paula F. Campos, Thomas J. Connolly, Linda Scott
Cummings, Michael Hofreiter, et al. 2013. “Geochronology,
Archaeological Context, and DNA at the Paisley Caves.” In
Paleoamerican Odyssey, edited by Kelly E. Graf, Caroline E.
Ketron, and Michael R. Waters, 485–510. College Station:
Center for the Study of the First Americans, Texas A&M
University.

Jones, George T., Charlotte Beck, Eric E. Jones, and Richard E.
Hughes. 2003. “Lithic Source Use and Paleoarchaic
Foraging Territories in the Great Basin.” American
Antiquity 68: 5–38.

Kuhn, Steven L. 1995.Mousterian Lithic Technology: An Ecological
Perspective. Princeton, NJ: Princeton University Press.

Layton, Thomas N. 1970. “High Rock Archaeology: An
Interpretation of the Prehistory of the Northwestern Great
Basin.” PhD diss., Department of Anthropology, Harvard
University.

Madsen, David B., Dave N. Schmitt, and Dave Page. 2015. The
Paleoarchaic Occupation of the Old River Bed. University of
Utah Anthropological Papers 128. Salt Lake City: University
of Utah Press.

McGuire, Kelly R., and Nathan Stevens. 2017. “The Potential
Role of Geophytes, Digging Sticks, and Formed Flake
Tools in the Western North American Paleoarchaic
Expansion.” Journal of California and Great Basin
Anthropology 37: 3–21.

Mullins, Danny, Jesse Adams, Michael Ligman, and Casey
Zingg. 2013. A GIS Predictive Model and Sample Inventory
of 2,150 Acres in Delamar Valley, Lincoln County, Nevada.
LSD Technical Report 105461. Salt Lake City: Logan
Simpson Design, Inc.

Orme, Antony R. 2008. “Pleistocene Pluvial Lakes of the
American West: A Short History of Research.” Geological
Society of London Special Publications 301: 51–78.

Pinson, Ariane. 2007. “Artiodactyl Use and Adaptive
Discontinuity across the Paleoarchaic/Archaic Transition in
the Northern Great Basin.” In Paleoindian or Paleoarchaic?
Great Basin Human Ecology at the Pleistocene-Holocene
Transition, edited by Kelly E. Graf and Dave N. Schmitt,
187–203. Salt Lake City: University of Utah Press.

14 D. J. REAUX ET AL.

http://orcid.org/0000-0002-4100-314X
http://orcid.org/0000-0002-9961-0874
http://orcid.org/0000-0002-9961-0874


Russell, Israel C. 1884. A Geological Reconnaissance in
Southern Oregon. U.S. Geological Survey Annual Report
4. Washington, DC: Government Printing Office.

Russell, Israel C. 1885. Geological History of Lake Lahontan, a
Quaternary Lake in Northwestern Nevada. U.S. Geological
Survey Monograph 11. Washington, DC: Government
Printing Office.

Smith, Geoffrey M. 2007. “Pre-archaic Mobility and
Technological Activities at the Parman Localities,
Humboldt County, Nevada.” In Paleoindian or
Paleoarchaic? Great Basin Human Ecology at the
Pleistocene-Holocene Transition, edited by Kelly E. Graf
and Dave N. Schmitt, 139–155. Salt Lake City: University
of Utah Press.

Smith, Geoffrey M. 2008. “Results from the XRF Analysis of
Pre-archaic Projectile Points from Last Supper Cave,
Nevada.” Current Research in the Pleistocene 25:
144–146.

Smith, Geoffrey M. 2010. “Footprints across the Black Rock:
Temporal Variability in Prehistoric Foraging Territories
and Toolstone Procurement Strategies in the Western
Great Basin.” American Antiquity 75: 865–885.

Smith, Geoffrey M. 2011. “Shifting Stones and Changing
Homes: Using Toolstone Ratios to Consider Relative
Occupation Span in the Northwestern Great Basin.”
Journal of Archaeological Science 38: 461–469.

Smith, Geoffrey M., Stephen LaValley, and Craig Skinner.
2011. “Looking to the North: Results from the XRF
Analysis of Pre-archaic Projectile Points from Hanging
Rock Shelter, Northwest Nevada.” Current Research in the
Pleistocene 28: 81–83.

Smith, Geoffrey M., Teresa A. Wriston, Donald D. Pattee, and
Danielle C. Felling. 2015. “The Surface Paleoindian Record
of Northern Warner Valley, Oregon, and Its Bearing on the
Temporal and Cultural Separation of Clovis and Western
Stemmed Points in the Northern Great Basin.”
PaleoAmerica 1: 360–373.

Surovell, Todd A. 2009. Toward a Behavioral Ecology of Lithic
Technology: Case Studies from Paleoindian Archaeology.
Tucson: University of Arizona Press.

Thomas, David H. 1981. “How to Classify the Projectile Points
from Monitor Valley, Nevada.” Journal of California and
Great Basin Anthropology 3: 7–43.

United States Fish and Wildlife Service. 2012. Sheldon National
Wildlife Refuge: Final Comprehensive Conservation Plan and
Environmental Impact Statement. Manuscript on File, U.S.
Fish and Wildlife Service Sheldon-Hart Mountain National
Wildlife Refuge Complex. Lakeview, OR.

Wriston, Teresa A., and Geoffrey M. Smith. 2017. “Late
Pleistocene to Holocene History of Lake Warner and Its
Prehistoric Occupations, Warner Valley, Oregon.”
Quaternary Research 88: 491–513.

PALEOAMERICA 15

View publication statsView publication stats

https://www.researchgate.net/publication/324952655

	Abstract
	1. Introduction
	2. Background
	3. Project goals and methods
	4. Results
	4.1. Geomorphological investigations and interpretations
	4.2. Archaeological investigations: Site distribution and raw-material use and conveyance

	5. Discussion
	6. Conclusions
	Note
	Acknowledgements
	Disclosure statement
	Notes on contributors
	ORCID
	References



