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Modern and Glacial-Holocene Carbonate Sedimentation

in Bear Lake, Utah-Idaho

By Walter Dean, Richard Forester, Steve Colman, An Liu, Gary Skipp, Kathleen Simmons, Peter Swarzenski,

and Roger Anderson

Introduction

The Bear Lake Valley in northeastern Utah and adjacent
Idaho (fig. 1) is a half graben containing a mesosaline-alkaline
lake (Bear Lake). The lake is 32 km long and 613 km wide -
with an area of 280 km? at full capacity. Maximum depth is
63 m, with a mean depth of 28 m (Birdsey, 1989). The present
elevation of the lake is 1805 meters above sea level (masl), but
this level has varied considerably through time. The natural
watershed of the lake is relatively small, with a basin-area:
lake-area ratio of only 4.8:1 (Wurtsbaugh and Luecke, 1997).
Historically, the Bear River did not flow into Bear Lake, A
series of canals, built from 1909 to 1918 (Birdsey, 1989); now
diverts the Bear River into Bear Lake creating a reservoir to
supply irrigation water downstream. This increased the basin-
area:lake-area ratio considerably to 29.5:1. The mean annual
surface hydrologic flux (including precipitation) to the lake
is 0.48 *.10° m¥yr (Lamarra and others, 1986), which is only
about 6 percent of the lake volume (7.86 * 10? m¥), giving an
average residence time of about 16 years. The magnitude of
ground water influx is not known.

Kullenberg piston coring in 1996 and seismic profiling
in 1997 and 2002 (fig. 1) reveal a layered sediment package
with clear wedging reflectors and erosional unconformities
(fig. 2). The piston cores recovered highly resolved records
with excellent definition of geochemical-climate proxies and
low-sedimentation rates: They are only a maximum of 5 m in
length but provide a 30,000-year record, well beyond the last
glacial maximum. Some unknown amount of sediment was
missing from the tops of the piston cores so surface sediments
(up to 50 cm) were collected with & gravity corer (1998; fig:
1). The Holocene sediments are carbonate-rich (predominantly
aragonite), and the glacial-age sediments consist of calcareous
silty clays, probably indicating direct inflow of Bear River into
Bear Lake:

The seismic stratigraphy below the lake (fig. 2) indicates
that the principal structure is a half graben, with a steep nor-
mal-fault margin on the east and a ramp margin on the west.
Seismic reflections diverge toward the master fault; bound-
ing eastward thickening sediment wedges. Secondary normal
faults west of the master fault were imaged beneath the lake,
and many of these faults show progressively increasing throw

with depth and age. Several faults cut the youngest sediments
in the lake as well as the modern lake floor. Although pinch-
outs of sedimentary units are common in relatively shallow
water, no major erosional or depositional features suggestive
of shoreline processes were observed on seismic profiles in
water deeper than about 5 m.
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Figure 1. Bathymetric map of Bear Lake Utah/ldaho, showing
the locations of 1996 piston cores (96-1, -2, -3), 1997 seismic lines,
and 1998 surface-sediment cores {98-04, -06,-09,-10,-12,-13) and
sediment-trap deployments 1, 2, 3). Inset shows the location of -
Bear Lake relative to Bear River and Great Salt Lake.
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Figure 9. Cross plot of values of 8 80 and & '3C in carbonate in bulk-sediment samples from shallow and
deep sediment traps at sites 2 and 3 (Figs. 1, 7, and 8), and from the tops of cores 98-06, -10, and -12 collected

at sites 1, 2, and 3 (Fig. 1).

Bear River during the LGI when the river was connected to
Bear Lake. Some, or perhaps all, of the calcite and dolomite
also might be detrital, but we have no way of knowing how
much. These LGI sediments consist of red silty clay that are in
marked contrast to the light-tan carbonate-rich Holocene sedi-
ments, regardless of mineralogy.

The carbonate-rich sediments deposited since 14,000 “C
yr BP exhibit several abrupt changes in mineralogy (calcite
and aragonite, fig. 13, core 96-2). These changes in mineral-
ogy are not always reflected in the overall percent CaCO, (fig.
14). The percentage of CaCO, began to increase at about 320
cm (fig. 15, core 96-2, ca. 17,000 cal yr BP), reached a plateau

of about 40 percent between 300 and 250 c¢m, then increased
to about 70 percent by 240 cm (ca 12,000 cal yr BP) where
it remained throughout the Holocene and through changes in
mineralogy. This suggests that there was a mass balance of
total CaCO, that was maintained through changes in miner-
alogy, which presumably reflect changes in environmental
conditions.

The amount of OC that was buried in Bear Lake sedi-
ments began to increase at about 340 cm (fig. 15, core 96-2;
ca, 20,000 cal yr BP), reached a plateau of about 1.5-2
percent at about 310 cm (ca, 16,000 cal yr BP), and then
decreased slightly throughout the Holocene. This suggests
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Figure 11. Concentrations of aragonite, calcite, high-Mg calcite, dolomite, and quartz, calculated from XRD peak heights, versus

depth in cores 98-06, 98-10, and 98-12 (Fig. 1). Selected 2'9Pb dates (in years AD) are shown for each core.
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At about 250 cm (ca, 12,000 cal yr BP), values of both &
130 and & *C, but especially d 'O, began to increase rapidly
(fig. 16, core 96-2), most likely due to increased evaporation.
Between 250 and 220 cm, values of 6 *0 increase by 6%o,
from -11%e to -5%o. Values of #Sr/%Sr also increased dur-
ing this interval (ca 12,000 to 10,000 cal yr BP) (fig. 16). By
10,000 cal yr BP (220 cm in core 96-2), the mineralogy and
isotopic composition of bulk carbonate was approaching values
that would be typical of most of the Holocene (Figs. 14 and 16,
core 96-2).

At a depth of about 205 cm (ca, 8,500 cal yr BP), there
must have been a remarkable decrease in salinity because

formation of aragonite began to decrease, being replaced by
formation of calcite (fig. 14, core 96-2). Values of & 120, 8 *C,
and ¥Sr/3Sr decreased at this time (fig. 16) suggesting that Bear
River water again was entering Bear Lake. The lower salinity
event lasted about 1500 years, and by 7,000 cal yr BP, aragonite
was again forming, and values of § 80, § *C, and ¥Sz/*Sr of
carbonate were increasing (ca. 170 cm in core 96-2; figs. 14
and 16). The mineralogy of carbonate in Bear Lake sediments
has been relatively constant for the last 7,000 yr (fig. 14), but
values of 8 ¥0 and 6 *C continued to increase slightly (fig. 16),
suggesting that perhaps salinity continued to increase after Bear
River was again disconnected from Bear Lake.
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Figure 14. Concentrations of aragonite, low-Mg calcite, dolomite, quartz, and feldspar (core 96-3 only) calculated
from XRD peak heights, versus depth, for cores 96-1, 96-2, and 96-3.
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