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Abstract

Field investigations at Dugway Proving Ground in western Utah have produced new data on the chronology and human occupation of
late Pleistocene and early Holocene lakes, rivers, and wetlands in the Lake Bonneville basin. We have classified paleo-river channels of these
ages as “gravel channels” and “sand channels.” Gravel channels are straight to curved, digitate, and have abrupt bulbous ends. They are
composed of fine gravel and coarse sand, and are topographically inverted (i.e., they stand higher than the surrounding mudflats). Sand
channels are younger and sand filled, with well-developed meander-scroll morphology that is truncated by deflated mudflat surfaces. Gravel
channels were formed by a river that originated as overflow from the Sevier basin along the Old River Bed during the late regressive phases
of Lake Bonneville (after 12,500 and prior to 11,000 14C yr B.P.). Dated samples from sand channels and associated fluvial overbank and
wetland deposits range in age from 11,000 to 8800 14C yr B.P., and are probably related to continued Sevier-basin overflow and to
groundwater discharge. Paleoarchaic foragers occupied numerous sites on gravel-channel landforms and adjacent to sand channels in the
extensive early Holocene wetland habitats. Reworking of tools and limited toolstone diversity is consistent with theoretical models
suggesting Paleoarchaic foragers in the Old River Bed delta were less mobile than elsewhere in the Great Basin.
© 2003 University of Washington. Published by Elsevier Inc. All rights reserved.
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Introduction

The general history of Lake Bonneville is well known,
but parts of the late-regressive phase of the lake (�14,000
to 8000 14C yr B.P.) have been difficult to decipher. This is
an important time period, however, because humans began
to occupy the Bonneville basin in significant numbers at this
time, and environmental systems were changing rapidly. In
this paper we summarize results of field work on late Pleis-
tocene and early Holocene lake levels, rivers, wetland en-
vironments, and human occupation, in the Dugway Proving
Ground area in western Utah, and tie these results to re-
gional records of environmental change.

Dugway Proving Ground (DPG), a military base in west-
ern Utah, occupies a large area at low elevations on the floor
of the Bonneville basin (Fig. 1A) at the northern end of the
Old River Bed (ORB), an abandoned river valley eroded
into deposits of Lake Bonneville. Gilbert (1890) postulated
that during the regressive phase of Lake Bonneville, after
the lake had dropped below the topographic threshold be-
tween the Sevier basin and the Great Salt Lake basin (the
Old River Bed threshold—ORBT in Fig. 1A), a shallow
lake in the Sevier basin overflowed to the north. The river
created by this overflow eroded a meandering, narrow val-
ley, the ORB, in the fine-grained lake sediments on the
basin floor (Fig. 1B). The shallow lake in the Sevier basin
has been referred to as Lake Gunnison, and studies in that
basin suggest that it may have overflowed along the ORB
from about 12,500 to 10,000 14C yr B.P. (Oviatt, 1988) (Fig.
2). Landforms and deposits at DPG provide a record of envi-
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ronmental change during this time period and into the early
Holocene at the distal end of the ORB (the ORB delta).

Until recently, fieldwork on DPG was difficult because
the military base was not readily accessible to Quaternary
scientists. Our studies were initiated to investigate the ar-
cheological resources on DPG, and have expanded to in-
clude studies of the lacustrine and fluvial geomorphology,
stratigraphy, and history. This latter work has consisted of
mapping the surficial deposits and landforms on aerial photo-
graphs and topographic maps, documenting the stratigraphy

exposed in backhoe pits and trenches, surveying and mapping
archeological sites, and dating samples of organics and shells
collected from backhoe trenches and outcrops (Table 1).

Results and interpretations

Description of the area

DPG occupies a large area on the floor of the Bonneville
basin. Mudflats in the northern part of DPG extend for many

Fig. 1. (A) Map of the Bonneville basin showing the location of DPG (B), the Sevier basin, and the Great Salt Lake basin (marked by the Gilbert shoreline,
as mapped by Currey (1982), and Great Salt Lake). RRP, Red Rock Pass (the external threshold of Lake Bonneville); ORBT, Old River Bed threshold (low
point on the divide between the Sevier and Great Salt Lake basins); LG, approximate shoreline of Lake Gunnison. Dashed line represents the ORB
paleo-valley. The position of the Gilbert shoreline is uncertain in the DPG area. (B) Part of Landsat Thematic Mapper image (Entity ID: 5039032009505410,
Path 039, Row 032, 23 Feb 1995). Note the gravel channels on the mudflats, eolian sand dunes along the boundary between the mudflats, and the well-drained,
fine-grained deposits on the flat desert floor, and the buried trace of the ORB river (dashed line). GW, Government Wash valley entering from the southeast.
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kilometers to the north and west as part of the extensive
Great Salt Lake Desert (Fig. 1A). An abrupt boundary, in
many places marked by eolian sand dunes, separates the
groundwater-discharge mudflats from the well-drained fine-
grained sheetflow and eolian deposits on the flat desert floor,
which support a sparse cover of xerophytic and phreato-
phitic shrubs (primarily Atriplex confertifolia and Sarcoba-
tus vermiculatus). The flat desert floor is characterized by
well-developed vegetation stripes (“desert ripples” or “tiger
bush”; Ives, 1946; Wakelin-King, 1999), and the surficial
deposits on the flat are constantly redistributed by sheetflow
and eolian processes—no ephemeral channels exist. Eolian
dunes are scattered over a broad area and overlie the sheet-
flow/eolian deposits. Gradients on the mudflats and sheet-
flow/eolian deposits are about 0.0005 (0.03°), and the
ground slopes generally to the northwest or north. Most of
our field work has focused on the northern end of the
well-developed ORB valley, and on southern areas of the
mudflats where fluvial and lacustrine sediments are pre-
served (Fig. 1B).

Gravel channels and sand channels

We use the descriptive terms “gravel channel” and “sand
channel” for fluvial landforms and deposits on the mudflats
at DPG (Figs. 3 and 4). Gravel channels are older than sand

channels, and are geomorphically distinct. A few channels,
which are intermediate in form between gravel channels and
sand channels, overlap in age with sand channels.

Gravel channels are deposits of coarse sand and gravel
that in plan view are straight to curved and digitate, and
have abrupt bulbous ends (Figs. 1B and 3). In transverse
cross section, gravel channels are topographically inverted,
with the crests of the gravel deposits standing 1 to 4 m
higher than the surrounding mudflats. They are identified as
fluvial in origin by their plan-view form (digitate channel
form rather than linear beach form), the composition of the
gravel (dominated by volcanic clasts derived from about 50
km to the south along the trend of the ORB), and their
longitudinal profiles (they slope gently to the northwest at
0.0006, slightly steeper than the mudflat surface). The
coarse sand and gravel of gravel channels is trough cross-
bedded, typical of braided stream deposits, and overlies
lacustrine mud and marl of Lake Bonneville.

The geomorphology and sedimentology of the gravel
channels (braided-stream deposits), and their bracketing
ages, suggest that they were produced rapidly at the edge of
the lake as its level dropped and fluctuated. The slope of
gravel-channel surfaces and their straight to curved form
indicate that the lake level was dropping during their for-
mation (otherwise, broad, flat-topped gravel deltas would
have formed). Most gravel channels have bulbous ends (Fig.
3 inset), which suggest that the lake may have lingered
briefly at constant levels at the low points between fluctu-
ations, and that lake level probably changed quickly. Gravel
channels end at altitudes between 1301 and 1298 m, and
they probably represent a series of rapid and closely spaced
lake-level fluctuations.

Lake-level fluctuations can also be inferred from gravel-
channel morphology. Fig. 3 illustrates an area of mudflats
where gravel channels of at least two, and possible three,
ages overlap. At this location, gravel channel B overlies,
and is therefore younger than, gravel channel A. Gravel
channel B is 1.5 to 2 m higher than A where they overlap,
suggesting that the lake had risen by this amount before
deposition of A. Gravel channel C is older than B, and could
be the same age as A or older.

Gravel-channel deposits have not been dated directly, but
their ages are bracketed by other radiocarbon ages. Lake
Bonneville had dropped to approximately the altitude of the
ORB threshold (�1390 m) by about 12,500 14C yr B.P.
(Oviatt, 1988; unpublished data), and the gravel channels
were produced by river discharge from the Sevier basin
across the threshold after this time (Fig. 5). Based on Sr-
isotope contents of fossil fish bones from Homestead Cave,
about 15 km west of Great Salt Lake, Broughton et al.
(2000) suggested that Lake Bonneville had regressed to an
altitude near that of the Gilbert shoreline (1293–1311 m,
depending on local isostatic rebound; Currey, 1982) by
about 11,200 14C yr B.P. at the end of the main Lake
Bonneville regressive phase when the lake had become
sufficiently saline to kill off large numbers of freshwater

Fig. 2. Chronology of the regressive phase of Lake Bonneville showing
how the range of ages of wetlands and rivers at DPG compared with the
ages of the Gilbert and Gunnison shorelines. Altitudes are adjusted for
differential isostatic rebound in the basin (see Oviatt et al., 1992). Radio-
carbon ages are from Oviatt et al. (1992), Light (1996), Zachary (2001),
Broughton et al. (2000), and unpublished sources (C.G. Oviatt and D.M.
Miller, 2002, and D.S. Kaufman and C.G. Oviatt, 2002). Arrows attached
to symbols for radiocarbon ages indicate that the sample was deposited
offshore in the lake. The Gunnison shoreline formed in the Sevier basin,
and is higher than Holocene fluctuations of Sevier Lake (SL); the Gilbert
shoreline is higher than any Holocene rises of Great Salt Lake (GSL).
Homestead Cave fish bones are discussed in the text. See Table 1, footnote
c, for discussion of the oldest DPG-wetland age. The inset shows the longer
term chronology of Lake Bonneville (B, Bonneville shoreline; P, Provo
shoreline; Gu, Gunnison shoreline; Gi, Gilbert shoreline).
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fish (Fig. 2). The age of the Gilbert shoreline, which formed
during a brief retransgression following the low point of the
post-Bonneville regression, is approximately 10,300 14C yr
B.P. (Currey, 1982; Oviatt et al., 2001) (Fig. 2), and the
oldest sand channels and overbank deposits in the DPG area
(�11,000 14C yr B.P.; see Table 1 footnote c) predate it.
Therefore, the gravel channels formed after 12,500 and
prior to 11,000 14C yr B.P. Currey (1982) suggested that the
gravel channels represent a digitate delta that formed during
the development of the Gilbert shoreline, but we have been
unable to find a preserved Gilbert shoreline in this area.

Sand channels are found in the same general area of the
mudflats as the gravel channels (Figs. 1B and 4). In contrast
to the gravel channels, sand channels are less topographi-
cally inverted, and are truncated by the mudflat surface.
Where they have been protected by dunes, they may stand
as much as 1.2 m above the surrounding mudflats, and in
other areas they typically stand about 0.5 m above the
mudflats. Sand channels are not easy to identify on the
ground because the mudflat surface has been deflated and

any fluvial landforms (such as floodplains, natural levees,
point bars) that may have originally existed have been
eroded away. In aerial photographs, however, the preserved
roots or cores of the sand-channel deposits exhibit well-
developed meander-scroll patterns. Sediments in sand chan-
nels consist of fine to coarse cross-bedded sand, and locally
include mud that contains organic mats and mollusks.

Sand channels are younger than gravel channels. Sand-
channel deposits are inset into gravel-channel deposits (Fig.
6), and the scoured bases of sand-channel deposits are
topographically lower than the bases of gravel-channel sec-
tions. The sand-channel rivers were active during the period
from at least 11,000 to 8800 14C yr B.P. (Table 1, see
footnote c). The range of ages of organics from fluvial
overbank deposits on the floor of the ORB (about 10 km
south of the mudflats; Fig. 7) is approximately the same as
that for the sand channels on the mudflats (Table 1).

The terms “gravel channel” and “sand channel” represent
end-member categories, but intermediate forms also exist;
they are straighter and smaller in width than sand channels,

Table 1
Radiocarbon results for samples collected at DPG

Sample No. Lab No Material dated Method �13C ‰ PDB Radiocarbon
agea

Calibrated-age
rangeb

Geologic setting

42TO1161-1 Beta-131594 Charred material AMS �24 8800 � 40 10,106–9703 Sand channel
DPGSE-3A Beta-131592 Charred material AMS �24.7 8850 � 40 10,147–9791 ORB; overbank deposits
DPGSE-2E Beta-137105 Organic sediment AMS �22.2 8990 � 110 10,236–9920 ORB; overbank deposits
DPGNW-5H Beta-124300 Peat AMS �21.8 9170 � 80 10,475–10,224 Sand channel
DPGSE-3C Beta-135253 Anodonta shell AMS �6.6 9330 � 90 10,672–10,295 ORB; overbank deposits
DPGNW-5I Beta-124301 Charred material AMS �15.9 9350 � 100 10,689–10,425 Sand channel
DPGSE-1G Beta-119850 Organic sediment Radiometric �25.1 9420 � 120 11,056–10,433 ORB; overbank deposits
DPGNW-5G Beta-124299 Charred material AMS �12.4 9450 � 90 11,056–10,562 Sand channel
DPGNW-5F Beta-124298 Charred material AMS �14.2 9470 � 90 11,062–10,579 Sand channel
GP-5A Beta-120190 Charred material AMS �24.2 9520 � 40 11,062–10,692 Wetland beds not

connected with a channel
DPGGPIT-C2 Beta-135876 Charred material AMS �27.2 9660 � 50 11,169–10,871 Sand channel
DPGNW-1D Beta-120189 Shell AMS �9.5 9710 � 60 11,190–11,116 Sand channel
DPGSE-1F Beta-121825 Charred material AMS �26.9 9770 � 50 11,203–11,169 ORB; overbank deposits
DPGNW-5C Beta-119847 Organic sediment Radiometric �25.9 9850 � 90 11,297–11,181 Sand channel
DPGSE-2B Beta-135251 Organic sediment AMS �25.5 9880 � 40 11,257–11,203 ORB; overbank deposits
DPGNW-12A Beta-144237 Organic sediment AMS �21.8 9920 � 80 11,547–11,205 Sand channel
DPGSE-3B Beta-135252 Anodonta shell AMS �6.9 9950 � 90 11,553–11,228 ORB; overbank deposits
DPGNW-11A-B Beta-144507 Organic sediment AMS �24.9 10,060 � 90 11,918–11,263 Sand channel
DPGNW-11A-A Beta-144506 Organic sediment AMS �26.1 10,170 � 80 12,109–11,580 Sand channel
DPGSE-1B Beta-123082 Charred material AMS �26.9 10,180 � 50 12,105–11,694 ORB; overbank deposits
DPGNW-11A-E Beta-144508 Organic sediment AMS �24.3 10,220 � 80 12,301–11,698 Sand channel
42TO1921-1 Beta-168834 Shell AMS �10.2 10,590 � 40 12,856–12,407 “Intermediate” channel
DPGSE-1C Beta-121823 Charred material AMS �26.3 10,830 � 60 12,975–12,665 ORB; overbank deposits
DPGSE-1A Beta-119848 Charred material AMS �25.3 11,010 � 40 13,136–12,903 ORB; overbank deposits
DPGGPIT-Cc Beta-131590 Plant material AMS �26.1 11,440 � 50 13,766–13,188 Sand channel
DPGNW-5B Beta-119846 Charred material AMS �25.9 14,140 � 140 — Reworked
DPGSE-1E Beta-121824 Charcoal AMS �25.2 25,180 � 120 — Reworked

a Ages are in 14C yr B.P., and are adjusted based on �13C ‰ value.
b Ages in cal yr B.P.; radiocarbon calibration program CALIB rev. 4.3 (Stuiver and Reimer, 1993; Stuiver et al., 1998); cal age range obtained from

intercepts (Method A), at one sigma.
c This sample was collected in 1999 from the wall of an abandoned gravel pit. Samples DPGNW-11A-A, 11A-B, and 11A-E, which range in age from

10,220 to 10,060 14C yr B.P., were collected at the same locality the following year from the same stratigraphic unit exposed in a newly dug backhoe trench.
Other than the 11,440-yr age, the oldest age from fluvial deposits at DPG is 11,010 14C yr B.P. (DPGSE-1A). Therefore, we are cautious about using the
11,440-yr age, and conservatively interpret the age of initial sand-channel or wetland development as about 11,000 14C yr B.P.
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locally contain some gravel, and are not topographically
inverted. Radiocarbon ages of shell samples from these
intermediate channels overlap with those from sand chan-
nels, and include 10,590 � 40 (Beta 168934) (Table 1);
10,830 � 70 (Beta 154761), 9640 � 60 (Beta-12099), and
9250 � 60 (Beta-154760) 14C yr B.P. (Carter and Young,
2001). We have traced some intermediate channels on aerial
photographs to altitudes as low as 1285 m in the west-
central Great Salt Lake Desert, but more work is needed to
established their geomorphic and stratigraphic relationships
with other landforms and deposits.

During the deposition of both the gravel channels and the
sand channels, the basin floor gradients were very low, so
that wave energies at the margin of the shallow lake may
have been insufficient to produce substantial beaches. The
distribution of the gravel and sand channels, however, gives
some idea of the lake altitudes on DPG at the times of their
formation. The lowest gravel channels can be traced to an
altitude of 1298 m, where they end abruptly. Most sand
channels end at altitudes between 1301 and 1303 m. The

Fig. 3. Vertical aerial photograph of a section of gravel channels (dark,
straight to sinuous features) (see Fig. 1B for location). The crest of gravel
channel A is 1.5–2 m lower than the crest of gravel channel B, which
overlies A, and the floor of the mudflat in the center of the depression
enclosed by them is almost 3 m below the highest point on gravel channel
B. A third gravel channel at C, is overlain by gravel channel B, but its
relationship with A is unknown. Gravel channel C is much smaller than
either A or B, and may be older than both. The inset shows the distal end
of gravel channel A, approximately 3 km north of the northern edge of this
photo. Note that the distal end is digitate, and that individual ends are
abrupt and bulbous. (photo: USADPG 49045 385-107, 6-11-85)

Fig. 4. Vertical aerial photograph of well-developed sand channels on the
mudflats (see Fig. 1B for location). Note meander scrolls, which on the
ground are subtle and difficult to detect because approximately 2 to 3 m of
sediment, including any original fluvial landforms, have been deflated from
this surface during the last 9000 14C yr, so that only the roots of the channel
systems are now visible. (photo: USADPG 49045 385-212, 6-11-85)

Fig. 5. Schematic diagrams showing changing lake level during the regres-
sion of Lake Bonneville and its affect on river flow in the ORB valley and
on the deposition of gravel channels. (A) Early regressive phase of Lake
Bonneville: lake surface is above the ORB threshold (ORBT), and endo-
genic calcium carbonate (marl) is being deposited at DPG. (B) Lake has
dropped below ORBT, and river flow has begun in the ORB valley;
suspended-load sediments are spread to the north by underflow currents in
the regressing lake, and silt and clay are deposited over the marl at DPG.
(C) Lake level continues to drop, and bedload sediments are deposited over
the underflow muds at DPG; gravel channels prograde into the shallow
lake.
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mudflats in this area have been deflated 2 to 4 m (as shown
by the topographic inversion of the gravel channels), but
lakes could have not have exceeded these altitudes during
the formation of the channels.

The change in geomorphic expression of the fluvial de-
posits, from gravel channels to sand channels, indicates a
change in the hydrologic character of the streams that pro-
duced them, coupled with a change in sediment supply. The
river that produced the gravel channels had higher discharge

and a steeper gradient than the sand-channel rivers. The
gravel-channel river was certainly fed by high-discharge
overflow from the Sevier basin along the ORB—gravel of
the same grain size and composition overlies Lake Bonne-
ville deposits at higher elevations along most of the length
of the ORB south of DPG (Oviatt, 1987). Sand-channel
rivers, on the other hand, probably had lower discharge
rates, and could have been fed by reduced overflow from the
Sevier basin and/or by groundwater discharge in the valley
south of the mudflats after overflow had ceased. Surficial
hints of meandering channels between the northern end of
the ORB and the mudflats (along the dashed line in Fig. 1B)
show that the ORB was the source of at least some of the
water in the sand-channel rivers. Other sand channels, how-
ever, appear on the eastern part of the mudflats down gra-
dient from Government Wash valley, which did not receive
surface water from the Sevier basin. Therefore, some of the
rivers that produced the sand channels were definitely fed
entirely by groundwater discharge, but overflow from the
Sevier basin could have augmented the spring discharge
along the ORB.

Numerous bones of Utah chub (Gila atraria) were iden-

Fig. 6. Schematic profile of backhoe trench DPGNW-3 (see Fig. 1 for
location of trench). Trench was dug perpendicular to, and on the right flank
(looking downstream) of, a gravel channel, and into the left flank of a sand
channel. Note that the gravel-channel deposits directly overlie fine-grained,
deep-water marl of Lake Bonneville, and that sand-channel deposits are
younger than the gravel. The vertical scale is the same as the horizontal
scale.

Fig. 7. (A) Vertical aerial photograph of the northern end of the well-defined ORB paleo-valley at backhoe-trench site DPGSE-1. The ORB river flowed from
the lower right to the middle left of the photo. The curved lines of dark dots in the white silty valley fill near DPGSE-1 are large greasewood bushes, which
mark buried point-bar sands. (B) Lithologic log of sediments in the backhoe trench. Sandy silt and cross-laminated sand below the uppermost wetland beds
are overbank facies of the meandering river that flowed in this valley in the late Pleistocene and early Holocene. Sandy silt above the uppermost wetland
beds is Holocene valley fill. Radiocarbon ages (in 14C yr B.P.) are listed on the right-hand side of the diagram (see Table 1).
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tified in four of five organic fill samples from different sand
channels examined for faunal remains. The presence of
Utah chub in sand-channel deposits suggests that water
flowed in streams in this area continuously from the time of
gravel-channel deposition until at least 8800 14C yr B.P. If
the streams had stopped flowing after the development of
the gravel channels (that is, if the Dugway area had dried
completely between the development of gravel channels and
sand channels), the fish would have died off and would have
had no way of becoming reestablished in the DPG area
because it is isolated from other potential extant popula-
tions. The bones all come from small fish less than 5–10 cm
in length. Utah chub is tolerant of both high salinity and
warm water temperatures, unlike other species of Lake
Bonneville fish. The absence, in the sand-channel deposits,
of other fish species known to be present in the lake while
it was at levels close to the Gilbert shoreline (Broughton et
al., 2000) and the small size of the chubs suggest that they
lived in a very shallow warm body of water.

Human adaptations

The extensive wetland ecosystem in the ORB delta area
was intensively utilized by prehistoric Paleoarchaic foragers
(Beck and Jones, 1997) during the later (sand-channel)
phase of its existence, and was at least briefly inhabited
during the formation of the gravel channels. We have con-
ducted archaeological inventories of 52 km of more than
200 linear km of exposed channels within DPG and located
51 Paleoarchaic archaeological sites directly associated with
channels or adjacent wetlands. Five sites not directly asso-
ciated with channel features have also been identified. To-
gether with archaeological investigations at the extreme
northwestern toe of the delta (e.g., Arkush and Pitblado,
2000; Carter and Young, 2001) this density suggests several
hundred Paleoarchaic sites may be present within the delta
area. These sites consist of surface arrays of a few dozen to
hundreds of basalt and obsidian flakes and tools containing
temporally diagnostic Great Basin Stemmed points and
crescents. An additional 75 stemmed points and crescents
were recorded as isolated finds.

As yet, none of these sites has been excavated and they
are not directly dated, but their ages can be estimated by
their relationship to channel features and by typological
dating of associated diagnostic artifacts. The vast majority
of the sites postdate formation of the gravel channels and,
hence, date to the period between 11,000 and 9000 14C yr
B.P. Several individual distributary channels are likely very
close in age to three sites directly associated with them. Age
estimates for these three sites are 10,490 � 40 (Beta
168834), 9330 � 90 (Beta 135252), and 8800 � 40 14C yr
B.P. (Beta 131594). A single Clovis point from DPG, dating
topologically to �11,500 to 10,800 14C yr B.P. (Batt and
Pollard, 1996; Taylor et al., 1996; Collins, 1999), may
suggest a human presence in the ORB delta toward the end

of gravel-channel formation, although the point was not
directly associated with a channel feature.

Sites associated with the sand-channel wetlands are char-
acterized by a variety of Great Basin Stemmed projectile
points and crescents dating topologically to about 11,000–
7500 14C yr B.P. (Beck and Jones, 1997). A few Pinto
points, commonly thought to date to after 8500 14C yr B.P.
(e.g., Holmer, 1986), cooccur with Great Basin Stemmed
types on some sites. Most of these, however, were found at
sites within (rather than along side) sand-channel features,
suggesting deposition during a brief period at the end of the
sand-channel phase after surface flow ceased but when
groundwater in the channels was still sufficient to support
surface vegetation (such temporal relationships are difficult
to establish with confidence, however, because all sites have
been deflated). There is some evidence to suggest Pinto
points occur as early or earlier than 9000 14C yr B.P. in the
eastern Great Basin (G.T. Jones, personnel communication,
2002).

The Paleoarchaic sites in the ORB delta area take one of
two principal forms. Most are linear features along the
margins of topographically inverted gravel channels or ad-
jacent to sand channels (Fig. 8) (sites adjacent to sand
channels originally may have been on natural levees, but no
such landforms have survived deflation during the Holo-
cene). In either case, it is clear that sites were placed so as
to take advantage of relatively higher and dryer ground
within the wetland system. These linear sites have a high
ratio of finished tools to flaking debris (debitage) and most
of the tools consist of stemmed, hafted bifaces. Debitage
and some tools feather out onto adjacent mudflats that were
probably wetlands when the sites were occupied. The other,
less common, type of site consists of broad diffuse scatters
of lithic debitage and stone tools on mudflat surfaces. These
are often hundreds of meters in diameter, and in places

Fig. 8. Plan view of the artifact distribution on site 42To1872, typical of the
linear Paleoarchaic gravel-channel sites in the Old River Bed delta. See
Fig. 1B for location of site. Note the high tool to debitage ratio and the
orientation of the artifacts along the margin of the channel. The tools
include a variety of Great Basin Stemmed points.
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merge into a background scatter of cultural materials cov-
ering much of the mudflats within the delta area. Tool-to-
debitage ratios in these sites are reduced and they appear to
represent resource procurement activities within the wet-
lands themselves. While artifacts on the mudflat sites have
been displaced somewhat from their original position
through a combination of vertical and lateral movement by
wind and water, those on the gravel channels are relatively
intact and are disturbed primarily by the creation of desert
pavement.

Characteristic tools on both site types consist of Great
Basin Stemmed bifaces, which in many cases have been
repeatedly resharpened to such an extent that the amount of
cutting edge above the hafting element is minimal, and large
basalt flakes, which appear to have been used as tools.
Toolstone consists principally of locally derived basalt and
obsidian from the Topaz Mountain source less than 50 km
from the ORB delta. Minor amounts of Browns Bench
obsidian, from a source near the junction of the Utah/
Nevada/Idaho borders, are also present.

Discussion

Extensive mapping, stratigraphic and geomorphic anal-
yses, and radiocarbon dating indicate that Lake Bonneville
had begun to drop below the Provo shoreline after about
13,500 14C yr B.P. (Fig. 2), and that Great Salt Lake has not
risen to levels higher than the Gilbert shoreline since 10,000
14C yr B.P. (Scott et al., 1983; Oviatt et al., 1992). The rapid
decline of the lake after 13,500 14C yr B.P. indicates that the
climate had become drastically warm and/or dry compared
to the cold and/or wet conditions of the previous 15,000 yr.
A shallow lake existed in the Sevier basin from the end of
the regression of Lake Bonneville in that basin (�12,500
14C yr B.P.) until about 10,000 14C yr B.P. (Oviatt, 1988),
and probably overflowed for most of that time. The Gilbert
shoreline formed in the Great Salt Lake basin about 10,300
14C yr B.P. (Currey, 1982; Oviatt et al., 2001) during the
Younger Dryas (approximately 11,000 to 10,000 14C yr
B.P.).

Global boundary conditions indicate that during the
Younger Dryas interval Northern Hemisphere summers
would have been warmer than those of today (July perihe-
lion and greater axial tilt) and winters would have been
cooler. Paleovegetation records indicate that the Younger
Dryas was cold in the Bonneville basin and in regions
surrounding the northeastern Great Basin (Thompson et al.,
1993; Rhode and Madsen, 1995; Reasoner and Jodry, 2000;
Madsen et al., 2001), and most available information indi-
cates higher moisture levels than today (Thompson et al.,
1993). At about 12,000 14C yr B.P. all of western North
America (including the Northwest and the Southwest) was
relatively wet, but by 9000 14C yr B.P., many sites in the
Northwest and the region to the north of the Bonneville
basin were becoming dryer; the Bonneville basin and the

Southwest, however, were still wetter than today (Thomp-
son et al., 1993; Madsen et al., 2001). During the Younger
Dryas, mountain glaciers in Colorado, Wyoming, and Mon-
tana advanced (Gosse et al., 1995; Menounos and Reasoner,
1997; Osborn and Gerloff, 1997), although it is not clear
whether this was in response to lower temperatures or
greater precipitation. In the southern Great Basin, rock var-
nish (Liu et al., 2000) and organic-rich black mats in wet-
land deposits (Quade et al., 1998) indicate an effectively
wet climate during the Younger Dryas, and perennial fluvial
systems were aggrading their valley floors (Waters and
Haynes, 2001; Huckleberry et al., 2001).

Many lake basins in the region record an increase in
effective moisture sometime during the late Pleistocene to
early Holocene, although, like the glacial evidence, it is not
clear whether this was in response to lower temperatures or
greater precipitation driven by either intensified winter fron-
tal storms or enhanced summer-monsoon precipitation.
Lake levels in Laguna Babı́cora in northern Mexico (Or-
tega-Ramı́rez et al., 1998), Lake Estancia in New Mexico
(Allen and Anderson, 2000; Anderson et al., 2002), Searles
Lake in southern California (Phillips et al., 1994), Lake
Bonneville (Oviatt et al., 2001), and Lake Lahontan in
Nevada (Currey, 1990; Benson et al., 1992; Currey et al.,
2001) all increased during the Younger Dryas. Multiple
wet-dry fluctuations are recorded at Owens Lake, Califor-
nia, but the chronology is not well defined (Mensing, 2001);
some investigators interpret dry conditions during the
Younger Dryas (Benson et al., 1997), while others suggest
that Owens Lake was overflowing (Currey et al., 2001).
Lake Chewaucan in southern Oregon, was dry during the
Younger Dryas (Licciardi, 2001). In the Southwest, paleo-
botanical evidence indicates greater-than-present summer
precipitation between 12,000 and 9000 14C yr B.P., consis-
tent with enhanced monsoonal circulation (Spaulding and
Graumlich, 1986). In summary, most available regional
evidence is for cooler temperatures and greater moisture
during the Younger Dryas in western North America, in-
cluding the Bonneville basin.

In an exposure of the City Creek fan on the eastern
margin of Great Salt Lake (Lat. 49° 45� 48� N, Long. 111°
54� 9� W), we identified a series of at least 12 streamside
gallery forest deposits interbedded with alluvial sand and
gravel. Wood from two of these forest-floor mats at eleva-
tions of 1281.5 and 1282.3 m produced radiocarbon age
estimates of 9670 � 80 14C yr B.P. (Beta 145038) and 9360
� 60 14C yr B.P. (Beta 142291), respectively. These ages
indicate that gallery forests grew here at an altitude only
slightly higher than the long-term modern average altitude
of Great Salt Lake (1280 m) immediately after the forma-
tion of the Gilbert shoreline, at a time when isostatic re-
bound in response to the removal of the Lake Bonneville
water load was still underway and the center of the lake
basin was depressed as much as 18 m relative to its margins
(Currey, 1982). As a result, the geographic center of the lake
was located west of its present center between 10,000 and
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9000 14C yr B.P., and its surface area was much larger (Bills
et al., 2002). This larger surface area is consistent with the
evidence of flowing rivers and wetlands in the DPG area
and with a variety of other evidence suggesting slightly
cooler and wetter conditions during the period (e.g., Gray-
son, 1998; Madsen, 2000; Rhode, 2000; Madsen et al.,
2001; Schmitt et al., 2002c).

Some climate models (Mock and Bartlein, 1995) and
proxy evidence (Licciardi, 2001) indicate that early Holo-
cene climatic spatial variability across western North Amer-
ica was likely. The results from the ORB delta clearly
indicate that the floor of the Bonneville basin was wet
during the entire period from prior to 13,000 to at least 8800
14C yr B.P. Although the DPG record is not sensitive
enough for us to distinguish the Younger Dryas cooling
event from the evidence for overall wet conditions during
this period, studies elsewhere in the Bonneville basin, indi-
cate that the Gilbert transgression occurred during the
Younger Dryas, and was a brief reversal in the late-Bon-
neville lake-level lowering trend (Oviatt et al., 2001). Ad-
ditional work is underway, but there are suggestions that
Lake Bonneville may not have dropped to levels lower than
modern Great Salt Lake prior to the Gilbert transgression
(Oviatt, unpublished data). The period of maximum drying
and deflation in the Bonneville basin was probably in the
mid Holocene.

Paleoarchaic sites in the ORB delta fit easily within the
Western Stemmed Tradition characterized by an adaptation
to wetland ecosystems around the many shallow lakes on
valley floors in the Great Basin during the Pleistocene/
Holocene transition (e.g., Willing et al., 1988). The kind of
mobility pattern characteristic of foragers on the ORB delta,
while similar to that found among Paleoarchaic foragers
elsewhere in the Great Basin in a general sense, appears to
have differed in the ORB delta due to the size of the wetland
ecosystem. In most of the small, isolated Great Basin val-
leys, wetland ecosystems were small relative to the ORB
delta, and both theoretical models and limited empirical
data suggest foragers employed a high mobility pattern
characterized by the use of a variety of widely-spaced tool-
stone sources, large flake and biface tools, high percentages
of scrapers, and a narrow diet breadth focused on wetland
resources (e.g, Graf, 2001; Elston and Zeanah, 2002; Huck-
leberry et al., 2001; Beck et al., 2002; Jones et al., 2003). In
the ORB delta area, on the other hand, biface tools are
extremely small and often extensively reworked, toolstone
sources are distant and limited in number, and scrapers are
relatively uncommon (see also Arkush and Pitblado, 2000),
suggesting a more restricted pattern of movement between
sites. Much of this difference may be due to patch size.
Elsewhere in the Great Basin, wetland ecosystem patches
are small and resources were quickly depleted, necessitating
frequent moves of relatively large distances between forag-
ing localities (see the discussions in Elston and Zeanah,
2002, and Jones et al., 2003). The wetland ecosystem on the
ORB delta was enormous relative to these other small Pa-

leoarchaic wetland foraging localities, and while movement
within the wetland may have been almost as frequent, the
distances involved were much shorter and may not have
involved movement outside the ORB delta area for ex-
tended periods. As a result, the ability to refurbish tool kits
frequently at a variety of widely separated toolstone sources
was limited and is reflected in the extensive reworking of
tools and the few toolstone types found at ORB delta sites.

Conclusions

In conclusion, the presence of large rivers and wetlands
between 13,000 and 8800 14C yr B.P. in what is now desert
in the DPG delta area demonstrates that the floor of the
Bonneville basin was wet during this period. Many other
lake basins in western North America have a similar history.
Humans occupied the extensive wetland habitats in the DPG
delta area during this period, and the size and stability of the
wetland ecosystem probably made it unnecessary for them
to migrate long distances between foraging localities.
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Old River Bed Deltaic Channel Features, Dugway Proving Ground,

209C.G. Oviatt et al. / Quaternary Research 60 (2003) 200–210



Utah. Manuscript submitted to the U.S. Department of Defense, Dug-
way Proving Ground, Utah, by the Desert Research Institute, Reno.

Schmitt, D.N., Madsen, D.B., Hunt, J.M., Callister, K., Jensen, K., Quist, R.,
2002b. Archaeological Inventories of Areas Associated with West Baker
Dunes in the Old River Bed Delta at U.S. Army Dugway Proving Ground,
Utah. Manuscript submitted to the U.S. Department of Defense, Dugway
Proving Ground, Utah, by the Utah Geological Survey, Salt Lake City.

Schmitt, D.N., Madsen, D.B., Lupo, K.D., 2002c. Small-mammal data on
early and middle Holocene climates and biotic communities in the
Bonneville Basin, USA. Quaternary Research 58, 225–260.

Scott, W.E., McCoy, W.D., Shroba, R.R., Rubin, M., 1983. Reinterpreta-
tion of the exposed record of the last two cycles of Lake Bonneville,
western United States. Quaternary Research 20, 261–285.

Spaulding, W.G., Graumlich, L.J., 1986. The last pluvial climatic episodes
in the deserts of southwestern North America. Nature 320, 441–444.

Stuiver, M., Reimer, P.J., 1993. Extended 14C database and revised
CALIB radiocarbon calibration program. Radiocarbon 35, 215–230.

Stuiver, M., Reimer, P.J., Braziunas, T.F., 1998. High-precision radiocar-
bon age calibration for terrestrial and marine samples. Radiocarbon 40,
1127–1151.

Taylor, R.E., Haynes Jr., C.V., Stuiver, M., 1996. Clovis and Folsom age
estimates: Stratigraphic context and radiocarbon calibration. Antiquity
70, 515–525.

Thompson, R.S., Whitlock, C., Bartlein, P.J., Harrison, S.P., Spaulding,
W.G., 1993. Climatic changes in the western United States since
18,000 yr B.P., in: Wright Jr. H.E., Kutzbach, J.E., Webb IIIT., Rud-
diman, W.F., Street-Perrott, F.A., Bartlein, P.J. (Eds.), Global Climates
Since the Last Glacial Maximum, Univ. of Minnesota Press, Minne-
apolis, pp. 468–513.

Wakelin-King, G.A., 1999. Banded mosaic (“tiger bush”) and sheetflow
plains: a regional mapping approach. Australian Journal of Earth Sci-
ences 46, 53–60.

Waters, M.R., Haynes, C.V., 2001. Late Quaternary arroyo formation
and climate change in the American Southwest. Geology 29, 399 –
402.

Willig, J.A., Aikens, C.M., Fagan, J.L. (eds.) 1998. Early Human Occu-
pation in Far Western North America: The Clovis-Archaic Interface.
Nevada State Museum Anthropological Papers 21, Carson City.

Zachary, C., 2001. Late Pleistocene-early Holocene paleoenvironments of
the northeast Bonneville basin, Utah. M.S. thesis, Kansas State Univ.

210 C.G. Oviatt et al. / Quaternary Research 60 (2003) 200–210


	Late Pleistocene and early Holocene rivers and wetlands in the Bonneville basin of western North America
	Introduction
	Results and interpretations
	Description of the area
	Gravel channels and sand channels
	Human adaptations
	Discussion
	Conclusions
	Acknowledgments
	References

