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ABSTRACT

A continuous, 120-m-long core (BL00-1) from Bear Lake, Utah and Idaho, contains 
evidence of hydrologic and environmental change over the last two glacial-interglacial 
cycles. The core was taken at 41.95°N, 111.31°W, near the depocenter of the 60-m-deep, 
spring-fed, alkaline lake, where carbonate-bearing sediment has accumulated contin-
uously. Chronological control is poor but indicates an average sedimentation rate of 
0.54 mm yr–1. Analyses have been completed at multi-centennial to millennial scales, 
including (in order of decreasing temporal resolution) sediment magnetic properties, 
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INTRODUCTION

Bear Lake, Utah and Idaho, is one of the longest-lived extant 
lakes on the North American continent. The half-graben that 
contains the lake is fi lled with an estimated 3 km of sediment 
(Evans et al., 2003). High-resolution seismic-refl ection profi les 
of the upper 250 m reveal well-layered sediment with few uncon-
formities (Colman, 2006). The upper part of the sedimentary 
sequence was recovered in a 120-m-long composite core drilled 
in 2000 (BL00-1; Dean et al., 2002). Sediment deposited in Bear 
Lake is strongly infl uenced by variable production of endogenic 
carbonate within the lake, by fl uctuating input of fl uvial and 
 glacial-fl uvial products from its headwaters in the Uinta Moun-
tains and local catchment, and by periodic retraction of the lake 
into a topographically closed basin. These, in turn, are infl uenced 
by climatic and non-climatic processes. The extent to which 
changes in the lacustrine deposits can accurately be ascribed to 
particular causes depends on a multi-parameter investigation of 
its physical, chemical, and biological composition. The purpose 
of this chapter is to synthesize the available data on BL00-1, and 
to summarize our current understanding of paleoenvironmental 
change over the last two glacial-interglacial cycles at Bear Lake.

To date, most analyses of BL00-1 are based on sampling on 
the scale of decimeters (centuries) to meters (millennia). More 
detailed, centimeter-scale analyses have been completed on shorter 
cores from the lake (see overview of the lake-coring campaign 
by Rosenbaum and Kaufman, this volume). Our interpretations 
of BL00-1 rely heavily on analyses of these shorter cores, which 
in some cases benefi ted from parameters that were not measured 

in BL00-1 (e.g., elemental geochemistry; Rosenbaum et al., this 
volume). They also rely on an understanding of the modern com-
position and fl uxes of sediment and water to the lake (e.g., Dean 
et al., 2007; Bright, this volume, Chapter 4). The rerouting of 
Bear River water into Bear Lake ca. 1912 had a pervasive effect 
on the lake. This event affords a whole-lake experiment on the 
response of lake sediment to a major hydrological change. The 
reader is referred to the other chapters and journal articles for a 
more detailed account of the methods and interpretations that are 
summarized in this chapter. The other works place the BL00-1 
core site into a lake- and drainage-basin-wide context.

Setting

Bear Lake is located in an intermontane basin straddling the 
northeastern Great Basin and the Rocky Mountain physiogeo-
graphic provinces along the Utah-Idaho state border (Fig. 1). The 
primary surface-water infl ow to Bear Lake Valley is the Bear 
River, which drains the northwest sector of the Uinta Mountains 
southeast of the lake. Within historical times, the river was not 
connected directly to the lake, but bypassed the lake en route to 
Great Salt Lake, located 100 km southwest of Bear Lake. When 
separated from Bear River, the primary surface infl ows are streams 
that drain eastward from the Bear River Range, which are fed by 
springs that emerge from cavernous Paleozoic carbonate rocks. 
This “local” surface catchment area is relatively small, encom-
passing ~1300 km2, or about fi ve times the surface area of the lake 
(280 km2). When Bear River is a tributary to the lake, the drainage 
basin area expands by a factor of six. Reheis et al. (this volume) 

oxygen and carbon isotopes on bulk-sediment carbonate, organic- and inorganic- 
carbon contents, palynology; mineralogy (X-ray diffraction), strontium isotopes on 
bulk carbonate, ostracode taxonomy, oxygen and carbon isotopes on ostracodes, and 
diatom assemblages. Massive silty clay and marl constitute most of the core, with vari-
able carbonate content (average = 31 ± 19%) and oxygen-isotopic values (δ18O ranging 
from −18‰ to −5‰ in bulk carbonate). These variations, as well as fl uctuations of 
biological indicators, refl ect changes in the water and sediment discharged from the 
glaciated headwaters of the dominant tributary, Bear River, and the processes that 
infl uenced sediment delivery to the core site, including lake-level changes. Although its 
infl uence has varied, Bear River has remained a tributary to Bear Lake during most 
of the last quarter-million years. The lake disconnected from the river and, except 
for a few brief excursions, retracted into a topographically closed basin during global 
interglaciations (during parts of marine isotope stages 7, 5, and 1). These intervals 
contain up to 80% endogenic aragonite with high δ18O values (average = −5.8 ± 1.7‰), 
indicative of strongly evaporitic conditions. Interglacial intervals also are dominated 
by small, benthic/tychoplanktic fragilarioid species indicative of reduced habitat avail-
ability associated with low lake levels, and they contain increased high-desert shrub 
and Juniperus pollen and decreased forest and forest-woodland pollen. The 87Sr/86Sr 
values (>0.7100) also increase, and the ratio of quartz to dolomite decreases, as expected 
in the absence of Bear River infl ow. The changing paleoenvironments inferred from 
BL00-1 generally are consistent with other regional and global records of glacial-
interglacial fl uctuations; the diversity of paleoenvironmental conditions inferred from 
BL00-1 also refl ects the infl uence of catchment-scale processes.
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discuss mechanisms that might have caused Bear River to swing 
into and out of Bear Lake. Bear Lake Valley currently contains an 
alkaline lake (Bear Lake) that is confi ned to the southern end of the 
valley, with an overfl ow threshold at an elevation of 1805 m above 
sea level (asl). The lake is ~30 km long and 10 km wide, with a 
maximum depth of 63 m. The physical, chemical, and biological 
limnology of the lake is reviewed by Dean et al. (this volume).

At present, Bear Lake is nearly in hydrologic balance, and only 
a small increase in effective moisture would be required to cause 
the lake to overfl ow (Bright et al., 2006; Bright, this volume, Chap-
ter 4). Intermittent overfl ow is also indicated by Lamarra et al.’s 
(1986) hydrological balance modeling, which showed that, with-
out the diversion of Bear River, Bear Lake would have exceeded 
its threshold ~24% of the time during the 60 years prior to 1984. 
Furthermore, McConnell et al. (1957) provided historical reports 

of northward drainage, and Reheis et al. (this volume) described 
north-trending channels that were active during the Holocene. With 
a transgression of just a few meters, the northern shoreline of Bear 
Lake would capture the channel of Bear River. Once the shoreline 
intersected the river, surface-water infl ow to the lake would more 
than double, and the water residence time would be reduced by an 
order of magnitude. To disconnect the river from the lake requires 
the lake shoreline to regress south of where the river enters the val-
ley. Climate-induced desiccation could cause a regression, as could 
erosion of the lake outlet where it previously fed now- abandoned, 
north-fl owing channels. If the elevation of this outlet lowered, 
then lake level would lower despite infl ow of the Bear River. In 
summary, the lake can alternate between topographically open 
(overfl owing) and closed states. The lake may overfl ow without 
input from Bear River, but when the lake expands, it  necessarily is 
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Figure 1. Location map showing 
Bear Lake and BL00-1 core site. 
Solid line is track of acoustic profi le 
shown in Figure 2. Bathymetry (dot-
ted lines) in meters from Denny and 
Colman (2003).
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 connected with the river. Lake-level changes in Bear Lake Valley 
are controlled by climatic changes as well as tectonic effects and 
the dynamics of erosion and deposition of the outlet stream that 
control the elevation of the basin threshold.

The core site (BL00-1; 41.9517°N, 111.3083°W) is in 54.8 m 
water depth (relative to full lake [1805 m asl]) near the lake depo-
center, where sedimentation rates are highest. Acoustic subbottom 
profi les show that the stratigraphic units are laterally continuous 
and thin westward from the core site (Fig. 2; Colman, 2006). The 
site was located ~1.5 km west of the deepest part of the lake with 
the intent of reducing the impact of subaqueous mass wasting asso-
ciated with the steep fault-bounded eastern margin of the lake. Two 
holes offset by a few meters were drilled by the GLAD800 (Global 
Lake Drilling to 800 m) platform during its trial engineering tests in 
September 2000 (http://dosecc.org/html/utah_lakes.html; Dean et 
al., 2002). Continuous coring in 2- or 3-m-long segments produced 
~100 m of sediment from one hole (BL00-1D) and 121.07 m from 
the second (BL00-1E), both with essentially 100% recovery. Core 
breaks were offset vertically to provide a continuous record. Fluc-
tuations in magnetic susceptibility were used to correlate between 
the holes, resulting in a composite record (hereafter, “BL00-1”) 
based on the depth scale of BL00-1E.

SUMMARY OF PRIMARY FINDINGS

Geochronology

The currently accepted age model for BL00-1 was devel-
oped by Colman et al. (2006) (Fig. 3). The model is based on 14C 

ages from shorter cores (Colman et al., this volume) projected 
onto the upper part of BL00-1 on the basis of correlations by 
magnetic susceptibility and other stratigraphic markers. Numeri-
cal age control beyond the range of 14C dating includes one mag-
netic excursion correlated with the Laschamp excursion (Heil et 
al., this volume), and a single uranium-series age on aragonite 
from the last interglaciation (Colman et al., 2006). Amino acid 
racemization and tephrochronology support the overall sedimen-
tation rates determined by the other three techniques (Colman et 
al., 2006). In addition, peaks and troughs in the carbonate content 
and stable isotope composition of BL00-1 can be correlated with 
those of the well-dated oxygen isotope record of vein calcite from 
Devils Hole (Winograd et al., 1992), located ~700 km southwest 
of Bear Lake. The correlations provide the only available age 
control for the lower half of the core, and they impose an age 
for Termination II that is ~12,000 years older than that inferred 
for the global marine oxygen isotope record. As emphasized by 
Colman et al. (2006), tuning the BL00-1 chronology to Devils 
Hole limits our ability to infer the timing of events from BL00-1 
independently of the assumption that climate change is registered 
simultaneously at Bear Lake and Devils Hole.

To avoid the limitations of an age model predicated on cli-
mate correlations, for this synthesis we adopt an age model based 
on four secure ages only, and the assumption of a linear sedimen-
tation rate (Fig. 3). The four points used to determine the sedi-
mentation rate are (1) the surface (0 m below lake fl oor [blf] = 
0 yr = A.D. 2000); (2) the prominent peak in sediment magnetic 
properties, which has been ascribed to glacier fl our production 
(Rosenbaum and Heil, this volume) and dated by 14C (Colman et 

Figure 2. Acoustic profi le along section line through core site BL00-1E (from Colman, 2006). Numbered dashed lines mark prominent 
refl ectors. Approximate depths are calculated from two-way travel time, assuming a sound velocity of 1500 m s–1. 96-2 and 96-1 are 
locations of gravity cores collected in 1996 and discussed elsewhere in this volume. M—multiple refl ection.
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al., this volume) (11.38 m blf = 18.52 cal ka); (3) the correlated 
Laschamp excursion (26.5 m blf = 41 ka; Heil et al., this volume);  
and (4) the uranium-series age (67 m blf = 127.7 ka; Colman 
et al., 2006). A least-squares linear regression with y-intercept 
forced through zero results in an average sedimentation rate of 
0.54 mm yr–1 over the upper half of the core (r2 = 0.990), which 
we extrapolate over the lower half. This rate is identical to the 
average rate over the entire core based on the original age model 
of Colman et al. (2006) and, like the original model, is supported 
by the available tephrochronology.

The ages based on this simple linear model are approximate. 
The average absolute difference between the Devils-Hole-tuned 
and the linear age models is 4900 years as evaluated at 1 m inter-
vals, with the largest differences (up to 12,000 yr) centered on 
80 m blf. This difference is less than the average age uncertainty 
of ± 11,000 years for the original age model based on the 95% 
confi dence intervals of the spline-fi tting procedure used by Col-
man et al. (2006). We emphasize the importance of the broad age 
uncertainties for BL00-1, even though errors are not stated along 
with the approximate ages cited in this chapter. This chapter deals 
with trends over the entire 120-m-long core based on an approxi-
mate time scale with uncertainties of several millennia. References 

to marine oxygen isotope stages (MIS) are for convenience and do 
not imply strict correlations to the record of global ice volume.

Colman et al. (this volume) present a detailed age model for the 
top 20 m of BL00-1 (last 30,000 years), which is well constrained 
by 14C in other piston cores and transferred to BL00-1 on the basis 
of correlations of stratigraphic horizons. The 14C chronology shows 
that the average linear sedimentation rate is too low over the Holo-
cene (Fig. 3); ages generated by the linear model are as much as 
5000 years too old during the early Holocene (5–10 m blf). The lin-
ear model coincides with the 14C chronology during the last local 
glacial maximum (11 m blf), but is 7000 years too old at the depth 
of the presumed Laschamp excursion (26.5 m blf).

Lithostratigraphy

The cores were curated at the Limnological Research Cen-
ter (LRC), University of Minnesota, where they were processed 
according to standard initial core description (ICD) procedure 
(http://lrc.geo.umn.edu/corefac-icd.htm). The results of whole-
core logging of porosity, bulk density, magnetic susceptibility, and 
P-wave velocity are available digitally, along with visual descrip-
tions of the lithostratigraphy and photographs of each split-core 
segment (http://www.ngdc.noaa.gov/mgg/curator/curator.html). 
Smear slides were made at levels where lithology changed, and the 
observations were incorporated into the descriptions of the cores.

Briefl y, the sediment consists mainly of massive gray to 
greenish-gray silty clay with carbonate contents ranging from cal-
careous silty clay (<30% CaCO

3
) to marl (>30% CaCO

3
) (Fig. 4). 

Most of the CaCO
3
 is low-Mg calcite, but two of the marl units con-

sist almost entirely of aragonite, and a third is aragonite- bearing. 
Most units contain centimeter-scale bands distinguished by degree 
of bioturbation or color, which probably refl ect differences in the 
content of sulfi de minerals, organic matter, and CaCO

3
 abundance. 

The sedimentary sequence is subdivided into seven primary units 
(Fig. 4), which roughly coincide with the mineral magnetic zona-
tion of Heil et al. (this volume): Unit 1 (from the base of the core 
to 101 m blf) is marl, composed mostly of aragonite near the top 
of the unit (103.1–101.6 m blf), with calcite below. Unit 2 (101–
67 m blf) is calcareous silty clay. Unit 3 (67–61 m blf) is aragonitic 
marl. Unit 4 (61–40 m blf) is marl. Unit 5 (40–17 m blf) is calcare-
ous clay. Unit 6 (17–10 m blf) is reddish-gray silty clay. Unit 7 
(10–0 m blf) is light-gray aragonitic marl.

Organic and Inorganic Carbon

A total of 334 samples, at an average spacing of ~36 cm 
through core BL00-1, were analyzed by coulometry (e.g., Engle-
man et al., 1985) to measure the total carbon and inorganic car-
bon (IC) contents. Organic carbon (OC) was calculated as the 
difference between the two values, and weight percent CaCO

3
 

was calculated by dividing IC by the fraction of carbon in CaCO
3
 

(0.12). The same technique was used by Dean (this volume) and 
Dean et al. (2006, 2007) to analyze sediment from shorter piston 
cores. The results are tabulated in Appendix A and are shown in 

y = 0.537x
r2 = 0.990

Figure 3. Geochronology of core BL00-1. The age model used in 
this chapter is based on the least-squares linear regression through 
the four points from the upper half of the core (solid circles) and 
is independent of any assumptions about regional or global climate 
correlations (see text for discussion). The original age model of 
Colman et al. (2006; thick gray curve) was tuned to correlate with 
the chronology from Devils Hole (triangles). Tephra ages (squares) 
are discussed by Colman et al. (2006); stratigraphic correlations 
based on 14C ages from piston cores (small plus signs) over the up-
per 20 m are described by Colman et al. (this volume), and are not 
used in this chapter.
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Figure 4. Lithostratigraphy of core BL00-1 
dividing the core into seven lithologic units 
as summarized from the initial core de-
scriptions (http://www.ngdc.noaa.gov/mgg/
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et al. (this volume).
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Figure 5, together with the results of other analyses, where the 
sample depth has been transferred to age based on a linear sedi-
mentation rate of 0.54 mm yr–1 (Fig. 3).

The abundance of OC in Bear Lake sediment refl ects the 
fl ux of organic matter delivered to the lake and produced within 
the water column, relative to the rate at which it is decomposed. 
The CaCO

3
 content is controlled primarily by the production rate 

of endogenic carbonate, and secondarily by the fl ux of allogenic 
carbonate delivered to the lake, reworking of previously depos-
ited carbonate, carbonate dissolution, and dilution by the non-
carbonate lithic input. The type and rate of endogenic carbonate 
produced by Bear Lake water are dictated by a variety of hydro-
geochemical factors reviewed by Dean (this volume).

The CaCO
3
 content in BL00-1 averages 31 ± 19% over the 

core (n = 334). Six intervals (111.7–109.0, 103.5–100.1, 67.4–
61.4, 56.6–52.5, 41.9–41.2, and 8.9–0 m blf) constituting 29% of 
the samples, contain distinctly higher CaCO

3
 contents that exceed 

40% (average = 57 ± 11%; n = 97). Trends in CaCO
3
 content mimic 

the global marine oxygen isotope record. The substages of MIS 5 
are expressed clearly by the total CaCO

3
 content (Fig. 5). Sediment 

deposited during MIS 7 exhibits two prominent peaks that are cor-
related with substages 7c and 7a, and the later part of substage 7e is 
indicated by increasing CaCO

3
 content of the lowest four samples. 

The X-ray diffraction analyses (discussed below) indicate that fi ve 
CaCO

3
-rich intervals contain aragonite. They are correlated with 

the peak interglacial intervals, MIS 7c, 7a, 5e, 5c, and 1.
The OC content of BL00-1 sediment averages 1.3 ± 0.7%. 

The OC and CaCO
3
 contents are not inversely related, as might be 

expected through a dilution effect, but show a weak positive cor-
relation (r = 0.16; p = 0.07). The OC content tends to be slightly 
higher in the aragonite-rich intervals (median = 1.2%) compared 
with the calcite-dominated intervals (median = 1.0%).

Mineralogy

The relative abundance of the common minerals that make 
up Bear Lake sediment was analyzed by X-ray diffraction (XRD). 
A total of 329 samples (nearly all of the levels analyzed by cou-
lometry) were analyzed according to standard techniques (e.g., 
Moore and Reynolds, 1989), which are described by Dean et al. 
(2006) for the 1996 cores. In addition, the silt-plus-clay fractions 
(<53 µm; hereafter “mud”) of 53 samples of fl uvial sediment col-
lected from the bed (27 samples) and fl ood-plain banks (26 sam-
ples) of modern streams were also analyzed by XRD; the results of 
these and other analyses of physical properties of fl uvial sediment 
are presented by Rosenbaum et al. (this volume). Results for quartz, 
calcite, aragonite, dolomite, and feldspar from BL00-1 samples are 
reported as a percentage of the sum of the main XRD peak intensi-
ties (Appendix A). These percentage values are not accurate repre-
sentations of the concentration of mineral abundances and should 
be interpreted cautiously because they do not account for different 
X-ray mass absorption characteristics of different minerals.

Quartz is the dominant mineral in Bear Lake sediment (aver-
age = 50 ± 16% over the entire core), except in the six CaCO

3
-rich 

intervals. Quartz abundance estimated from XRD peak intensi-
ties is inversely related to the abundance of CaCO

3
 as measured 

independently by coulometry, indicating the effect of dilution 
(r = –0.87, p < 0.001 for the correlation between log-transformed 
quartz versus CaCO

3
 for the entire core) (Fig. 6). The XRD results 

also show that, of the six CaCO
3
-rich (CaCO

3
 > 40%) intervals, 

four are dominated by aragonite: 103.1–101.6, 67.4–61.0, 55.8–
55.3, and 8.4–0 m blf, and a fi fth interval contains some aragonite 
(111.0–110.5 m blf). Of these, aragonite is most abundant in the 
uppermost interval (Holocene) and least abundant in the lower-
most (MIS 7c), possibly due in part to diagenetic conversion of 
aragonite to low-Mg calcite. One of the carbonate-rich intervals 
(MIS 5a) does not contain aragonite.

Most of the stream-sediment samples that we analyzed are 
also dominated by quartz. Mud carried by the Bear River in 
proximity to Bear Lake tends to contain a higher proportion of 
quartz (average = 80%) than that in the local tributaries (average 
= 65%) (Fig. 7). Perhaps the clearest mineralogical distinction of 
sediment carried by local streams is the dolomite content. Local 
stream mud contains an average of ~17% dolomite, with a higher 
proportion (25%) in the west-side streams, compared to 5% for 
Bear River mud. Dolomite is a signifi cant constituent of Bear 
Lake sediment, averaging ~7% (when excluding the CaCO

3
-rich 

intervals), and is thought to be entirely allogenic (Dean et al., 
2006; Rosenbaum et al., this volume). The relative percentages 
of quartz and dolomite track each other closely (Fig. 5) because 
they both derive from allogenic sources, and because they are 
related inversely to the relative percentage of calcite, the second 
most abundant mineral.

We examined downcore trends in two mineral constituents 
(Fig. 5). First, the relative abundance of quartz might serve as 
an indicator of the input of the allogenic component relative to 
endogenic carbonate, although the carbonate has both allogenic 
and endogenic sources that vary in proportion through the core. 
Second, the ratio of quartz to dolomite might provide some infor-
mation on the relative importance of input from the Bear River, 
which is depleted in dolomite, versus input from local streams, 
which carry a higher proportion of dolomite (Fig. 7).

In summary, the mineralogy of Bear Lake sediment is con-
trolled by the production rate of endogenic carbonate and the 
extent to which it is diluted by allogenic input. Aragonite forma-
tion depends on whether the lake water contains suffi cient Mg, 
which appears to be the case only when Bear Lake is isolated from 
Bear River (Dean et al., 2007; Dean, this volume). Aragonite is 
preserved in fi ve intervals of BL00-1, and these have been corre-
lated with peak interglaciations of MIS 7c, 7a, 5e, 5c, and 1. Quartz 
is the dominant mineral in the carbonate-poor lake sediment and 
stream mud. An increase in the discharge of the Bear River rela-
tive to local streams might have the dual effect of increasing the 
fl ux of quartz and decreasing the production of endogenic carbon-
ate, because water carried by the Bear River tends to have a lower 
solute content than the local streams and springs (Dean et al., 
2007; Bright, this volume, Chapter 4). An increase of Bear River 
discharge relative to local discharge should also be indicated by 
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the ratio of quartz to dolomite in Bear Lake sediment, which is 
independent of endogenic carbonate production.

Sediment Magnetic Properties

The magnetic properties of Bear Lake sediment have been 
studied in samples from the shorter piston cores (Rosenbaum and 
Heil, this volume) and in continuous channel samples from BL00-1 
(Heil et al., this volume). The magnetic properties of stream sedi-
ment in the Bear Lake drainage basin also have been character-
ized (Dean et al., 2006; Rosenbaum et al., this volume). Here we 
focus on two key magnetic properties from BL00-1 (Fig. 5): mag-
netic susceptibility (MS) and hard isothermal remnant magnetiza-
tion (HIRM). MS commonly refl ects the content of ferrimagnetic 
minerals (e.g., magnetite, titanomagnetite, and greigite), whereas 
HIRM is a measure of high-coercivity minerals (e.g., hematite and 
goethite). Variations in these properties in Bear Lake sediment can 
be explained largely by (1) post-depositional destruction of detri-
tal Fe-oxide minerals, (2) dilution of magnetic minerals by non-
magnetic endogenic CaCO

3
, and (3) post-depositional formation 

of greigite (a ferrimagnetic Fe-sulfi de mineral).
Magnetic properties of BL00-1 are highly variable. The 

most important magnetic minerals in much of the cored section 
are detrital titanohematite and authigenic greigite. Petrographic 
observations (Reynolds and Rosenbaum, 2005) indicate that 
most detrital magnetite has been destroyed (either dissolved or 
converted to pyrite), although a small quantity is present in some 
samples, mostly protected inside rock fragments. Variations in 
MS arise largely from differences in the quantity of authigenic 
greigite, which varies greatly, probably refl ecting changes in 
salinity (i.e., availability of sulfate).

Two intervals exhibit exceptionally low values of MS and 
HIRM: from 66 to 61 m blf (MIS 5e) and from 9 to 0 m blf 
(younger than 15 ka). These refl ect extensive alteration of detri-
tal Fe-oxide minerals and dilution by high CaCO

3
 contents. In 

contrast, the sediment from 18 to 9 m blf (MIS 2) exhibits high 
values of both MS and HIRM due to low CaCO

3
 content and 

high magnetic mineral content. This is the only interval in which 
detrital Fe-oxide minerals are well preserved, and corresponds to 
high content of hematite-rich glacial fl our from the headwaters 
of the Bear River in the Uinta Mountains (Rosenbaum and Heil, 
this volume). The preservation of the Fe-oxides in this interval 
refl ects some combination of fresh water, rapid deposition, and 
perhaps greater quantities of detrital Fe-oxides.

Oxygen and Carbon Isotopes

Bright et al. (2006) reported the results of oxygen and carbon 
isotopic analyses from BL00-1. They analyzed bulk-sediment 
carbonate of 375 samples spaced at an average interval of 32 cm 
across the core (~700-year resolution). To compare the isotopic 
composition of purely endogenic carbonate with the bulk sedi-
ment, they also analyzed calcite in ostracode valves (Candona 
sp. 1; Bright et al., 2005) from 78 levels, mainly from the upper 
half of the core, where valves are better preserved. In addition, in 
this study we present new results on Cytherissa valves from 13 
core levels to compare with the results on Candona. Values for 
the ratios of 18O/16O and 13C/12C are reported using standard per-
mil (‰) δ notation, where the standards Vienna Standard Mean 
Ocean Water (VSMOW) and Vienna Pee Dee Belemnite (VPDB) 
were used for water and carbonate, respectively. Additional con-
text for interpreting the downcore changes in δ18O and δ13C from 
BL00-1 is provided by (1) the isotopic composition of water that 

r = 0.76

Q
ua

rt
z 

(%
)

Figure 6. Percent CaCO
3
 measured by coulometry versus quartz 

abundance estimated from X-ray diffraction peak intensities in 
samples from core BL00-1.

Figure 7. Average mineral assemblages for Bear Lake, Bear River, 
and local stream sources based on X-ray diffraction peak intensi-
ties. Bulk sediment was analyzed from BL00-1; the silt+clay frac-
tion was analyzed from samples from Bear River and local streams. 
Errors bars are 1σ. Data for stream sediments are summarized from 
Rosenbaum et al. (this volume).
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presently feeds the lake (Bright, this volume, Chapter 4), (2) the 
isotopic shift in shallow surface cores that span the ca. 1912 diver-
sion of Bear River water into Bear Lake (Dean et al., 2007), and 
(3) the results of more detailed analyses of shorter cores taken in 
1996 (Dean et al., 2006). The oxygen isotope composition of car-
bonate in Bear Lake sediment provides insights into the sources 
of water and the hydrologic budget of the lake, whereas the car-
bon isotopes refl ect changes in the biologic activity as well as the 
hydrologic budget. We focus here on the δ18O results because our 
understanding of the factors that control isotopic composition is 
better for oxygen than for carbon.

The δ18O values range broadly, from about −13‰ to −5‰ in 
the bulk-sediment carbonate (Fig. 5; Appendix B). Enrichment in 
18O is signifi cantly greater in the fi ve intervals that contain arago-
nite (average = −5.9 ± 1.6‰, n = 52) than in the rest of the core 
(average = −9.8 ± 1.1‰, n = 322), an increase that cannot be attrib-
uted solely to the offset in mineralogic fractionation. The δ13C 
values exhibit a similarly broad range, from about −4‰ to 7‰, 
with higher values in the aragonite-bearing intervals (2.4 ± 0.9‰) 
compared with the rest of the core (−0.7 ± 1.6‰). The two iso-
topes correlate more strongly in the aragonite-bearing intervals 
(r = 0.89; p < 0.001) than over the rest of the core (r = 0.42; p < 0.001) 
(Fig. 8A), although the extent of the correlation varies among the 
oxygen isotope stages (Bright et al., 2006). The δ13C values also 
correlate positively with OC content (r = 0.40; p <0.001) (Fig. 5).

The δ18O value of calcite in Candona is nearly always higher 
than that in the enclosing bulk-sediment carbonate (average dif-
ference = 2.8 ± 2.4‰, n = 78) (Fig. 5), as expected from the vital 
effect (e.g., +2.2‰ for Candona; von Grafenstien et al., 1999). The 
new results on Cytherissa generally agree with those of Candona. 
Excluding the ten results from the aragonite-bearing intervals, the 
δ18O values of ostracodes (−7.1 ± 2.6‰, n = 66) vary more than the 
δ18O of the enclosing bulk sediment (−9.8 ± 1.0‰, n = 66), with 
the ostracodes typically within the range of −12‰ to −2‰, and 
the bulk carbonate within the range of −9‰ to −11‰ (Fig. 8B). 
The lower variability in the isotopic composition of bulk carbon-
ate probably refl ects the infl uence of allogenic carbonate. When 
the aragonitic intervals are excluded, the correlation between 
δ18O of ostracode and bulk-sediment carbonate is relatively weak 
(r = 0.33; p = 0.01). The lower variability in the δ18O values of 
bulk sediment might also result from greater time-averaging than 
for the ostracode samples, which comprised several valves.

Values of δ18O and δ13C in rocks, stream sediment, and water 
from the Bear Lake tributaries have been presented previously, 
and are summarized here (Table 1). The Paleozoic limestone and 
dolomite that underlie the Bear River Range, and the Mesozoic 
carbonate rock within the Bear Lake Plateau to the east, have δ18O 
values ranging from −5.1 to −13.3‰, and averaging −8.2 ± 2.7‰ 
(n = 9) (Bright et al., 2006). In contrast, mud carried by local 
streams contains carbonate with much lower δ18O values. Bright 
et al. (2006) reported an average value of −13.6 ± 1.3‰ (n = 7), 
whereas Dean et al. (2006; their Table 2) reported values based 
on a slightly more extensive data set: The average δ18O value 
for west-side streams is −14.3 ± 1.1‰ (n = 5; after excluding 

Hobble Creek, which is not on the west side, and the one outlier 
from Paris Creek); the average δ18O value for east-side streams is 
−12.5 ± 1.0‰ (n = 5; this value is different than reported by Dean et 
al. [2006, p. 107] but is correct). CaCO

3
 in mud carried by the Bear 

River north of the Uinta Mountains has slightly higher δ18O values 
than CaCO

3
 in mud from local streams (−11.6 ± 1.3‰, n = 11). 

The results on the alluvial mud probably more closely refl ect the 
allogenic input than do spot analyses on bedrock units. They are 
lower than the values in the rocks (−8.2‰) because the streams 
carry detrital tufa grains derived with δ18O values of around −16‰ 
(Bright et al., 2006), closer to that of present-day water, which 
averages −46.8‰ VPDB ( = −17.3 ± 0.7‰ VSMOW, n = 40) for 

Figure 8. Stable isotope ratios from core BL00-1. (A) Cross plot 
of oxygen (δ18O) and carbon (δ13C) isotope ratios in bulk-sediment 
carbonate. (B) δ18O in ostracode (Candona) calcite versus those in 
enclosing bulk sediment (includes allogenic and endogenic carbon-
ates). Data from Bright et al. (2006), and listed in Appendix B.
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local streams and −45.9‰ VPDB ( = −16.3 ± 0.4‰ VSMOW, 
n = 4) for the Bear River (Bright et al., 2006). Values of δ18O in 
bulk carbonate in BL00-1 are almost always higher than those in 
bulk carbonate in modern stream mud, suggesting that the allo-
genic component of the bulk sediment moderates the fl uctuations 
in the isotopic composition of endogenic carbonate, but that allo-
genic carbonate is not suffi ciently abundant to entirely overwhelm 
the endogenic component.

In summary, the isotopic composition of Bear Lake water 
and sediment has fl uctuated considerably over the last two 
 glacial-interglacial cycles. Values of δ18O and δ13C were higher 
during interglacial intervals, when fractionation was clearly con-
trolled by evaporative effects. Such effects are consistent with the 
presence, if not dominance, of aragonite, among other indicators 
of a topographically closed-basin lake which are discussed else-
where in this volume. Outside of the aragonitic intervals, ostra-
code calcite exhibits larger fl uctuations in δ18O values than does 
the bulk-sediment carbonate, and can be interpreted without the 
uncertainty that results from fl uctuating carbonate detritus. Ostra-
codes are more abundant in the upper half of the core, however, 
and the sampling resolution is presently too coarse throughout to 
allow detailed interpretation.

Strontium Isotopes

Sr isotopes (87Sr/86Sr) have been analyzed from the 5M- acetic-
acid-soluble (hereafter “soluble”) fraction of bulk sediment at an 
average spacing of 1.3 m in BL00-1. In addition, 87Sr/86Sr was 
analyzed in the acetic-acid-insoluble (hereafter “residue”) fraction 
of 20 samples scattered across the core. The methods and preci-
sion of Sr isotope analyses of Bear Lake sediment by thermal ion-
ization mass spectrometry are given by Dean et al. (2006, 2007). 
The interpretation of Sr isotope results, like those for the O and C 
isotopes, is guided by an understanding of the modern water and 
sediment input to the lake, and by more detailed analyses of other 
cores (e.g., Dean et al., 2006, 2007). Like O isotopes, Sr isotopes 
can provide insights into the source area of water; unlike O iso-
topes, Sr isotopes are not complicated by the fractionation effects 
that are infl uenced by temperature and evaporation.

Values of 87Sr/86Sr of the soluble fraction of sediment 
samples from BL00-1 range from 0.7091 to 0.7104, and aver-
age 0.7099 ± 0.0003 (n = 93) (Fig. 5; Appendix B). These val-
ues are bracketed by the two primary sources of water to the 
lake: the Bear River with present-day 87Sr/86Sr values averaging 
0.7082 ± 0.0005 (n = 6), and local stream water, which aver-
ages 0.7104 ± 0.0011 (n = 46) (Bright, this volume, Chapter 4; 
note: Dean et al. (2007) listed a subset of these values, focusing 
on sites where additional solute data were also available). The 
87Sr/86Sr value of endogenic carbonate that precipitates in Bear 
Lake depends directly on the 87Sr/86Sr value of the lake water. 
In turn, this depends on the fl ux of Sr, which is controlled by its 
concentration and the discharge from the various infl ow sources. 
On the basis of the data that are presently available, west- and 
south-side surface-water sources account for greater Sr fl ux than 
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east-side sources, and they are more radiogenic (west-side aver-
age = 0.7108 ± 0.0007, n = 26 compared with east-side average 
= 0.7098 ± 0.0011, n = 20) (Table 1). Bear River water tends to 
have a higher Sr concentration than the local streams (Bright, this 
volume, Chapter 4), and is probably the dominant solute source 
of Sr when it discharges into the lake.

Although the 87Sr/86Sr value of soluble Bear Lake sediment 
can be accounted for by various mixtures of water from Bear 
River and local stream sources, the analyses of bulk sediment 
are also infl uenced by the composition and abundance of solu-
ble allogenic components. The 87Sr/86Sr value of the Paleozoic 
and Jurassic carbonate bedrock units in the local drainage basin 
averages 0.7088 ± 0.0010 (n = 16) (Bright, this volume, Chap-
ter 4; Dean et al. (2006) calculated an average value of 0.7092, 
n = 20, but included data from units that do not crop out in 
the local drainage), slightly lower than the average value 
of the soluble fraction of sediment samples in BL00-1 
(0.7099 ± 0.0003). The 87Sr/86Sr value of the soluble fraction of 
mud (<0.53 µm) collected from the bed of local streams refl ects 
the composition of the carbonate rocks in the catchments. 
The value is higher for west-side streams (0.7101 ± 0.0001, 
n = 4) than for east-side streams (0.7087 ± 0.0009, n = 3) 
(Dean, this volume). The Bear River carries mud with the high-
est 87Sr/86Sr values in the Bear Lake drainage (0.7103 ± 0.0009; 
n = 12) (Dean, this volume). The87Sr/86Sr values are higher for the 
residue fraction of the fl uvial mud than for the soluble fraction, 
averaging 0.7272 ± 0.0076 (n = 19), and the values from the two 
fractions correlate (r = 0.60, n = 12) (Dean, this volume). Data on 
Sr concentrations in the two fractions are not available; presum-
ably Sr is enriched in the soluble fraction.

The 87Sr/86Sr values of soluble Bear Lake sediment generally 
track the δ18O values of the bulk-sediment carbonate (Fig. 5). The 
enrichment of both 18O and 87Sr in the aragonitic zones probably 
refl ects the absence of Bear River input, which increases the water 
residence time and the consequent evaporative infl uence on δ18O 
and eliminates the dominant source of solutes with low 87Sr/86Sr 
values. Without the input of solutes and clastic sediment from the 
Bear River, the soluble components of Bear Lake sediment acquire 
the 87Sr/86Sr value of west-side infl ow. With the input of the Bear 
River, the 87Sr/86Sr value of the endogenic carbonate in Bear Lake 
decreases, whereas the 87Sr/86Sr value of the allogenic component 
increases. The net effect therefore depends on the balance of the 
two components, and we do not know the relative difference in the 
concentration of Sr in the endogenic and allogenic components.

The 87Sr/86Sr values for the residue fraction of lake sediment 
tend to track the relative proportion of quartz in BL00-1 (Fig. 5). 
This supports the interpretation that the quartz-rich units are 
dominated by sediment delivered by the Bear River, which carries 
mud with high 87Sr/86Sr values. Half of the samples from BL00-1 
analyzed for the residue fraction yielded 87Sr/86Sr values less than 
0.7119, which is lower than any value measured in stream sedi-
ment from the drainage basin (Dean, this volume). The source of 
the low 87Sr/86Sr values in the residue fraction is not clear, although 
the carbonate bedrock units that crop out in the Bear Lake drain-

age, especially the Jurassic units on Bear Lake Plateau, tend to 
have lower values than indicated by the analyses of stream sedi-
ment data (average = 0.7109 ± 0.0037, n = 18; Table 1).

Ostracodes

A discussion of the ostracodes from Bear Lake sediment—
most of them endemic—along with photomicrographs of the 
valves, is presented by Bright (this volume, Chapter 8; Bright 
et al., 2005). We processed 138 sediment samples, with an aver-
age spacing of 88 cm and an average mass of 54 g, according 
to methods outlined by Bright (this volume, Chapter 8). Whole 
(>80% complete) adult ostracode valves >150 μm were counted 
and identifi ed to genus, and where possible, to species level. In 
addition, the presence of juvenile valves was noted for Cytherissa 
lacustris, the only taxon for which paleoenvironmental inferences 
can be made, but the valves were not counted. The presence of 
only juveniles is assumed to indicate that the species was living 
in the lake, but in low numbers, or possibly that the environment 
at the core site was poor for ostracode longevity.

Adult ostracode valves were recovered in 85 (62%) of the 
samples, and an additional 16 samples contained fragmented or 
juvenile valves of Cytherissa. In all, 2355 valves were counted, 
of which 93% are Candona spp. Valves are more abundant in 
the upper half of the core; 94% are from the top 65 m. Only 19 
samples contained >1 valve per gram of sediment (vpg), and 
about half of these were within the Holocene section (Fig. 9; 
Appendix C). The ostracode fauna consists of one unidentifi ed 
genus, several unnamed species of Candona, two unnamed spe-
cies of Limnocythere, and Cytherissa lacustris. With the excep-
tion of Cytherissa lacustris, all of the ostracode species are 
endemic (Bright, this volume, Chapter 8). The greater abundance 
of valves in the upper half of the core, and especially in the Holo-
cene aragonite-rich mud, is probably a result of post-depositional 
preservation. Little can be inferred about paleohydrologic condi-
tions from the abundances of the endemic forms; many taxa cross 
lithostratigraphic boundaries and seem to have inhabited the lake 
whether it was generating aragonite in a topographically closed 
basin, or whether it was receiving input from the Bear River.

Cytherissa lacustris is an extant species with known envi-
ronmental tolerances (Bradbury and Forester, 2002). This species 
inhabits dilute (TDS < 365 mg L–1) boreal lakes typically under 
the infl uence of polar-high and subpolar-low air masses. Lakes 
that support C. lacustris are stable, well oxygenated, and display 
little if any seasonal variation. The species’ modern distribution is 
confi ned to northern Canada, Alaska, and a few isolated localities 
in the northern conterminous United States. Its presence in Pleis-
tocene lake sediment from the western United States coincides 
with glacial periods, when the polar and subpolar air masses were 
forced southward by large ice sheets over northern North Amer-
ica (e.g., Bradbury and Forester, 2002). C. lacustris is absent 
from four of the fi ve aragonite-bearing intervals, consistent with 
its preference for dilute lakes formed during glacial intervals. It is 
present, however, in sediment that correlates with the interglacial 
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MIS 7c. To our knowledge, this is the fi rst documented case of 
C. lacustris in the western contiguous United States during peak 
global interglacial conditions.

Pollen

The recent pollen study of BL00-1 by Jiménez-Moreno et al. 
(2007) provides one of the most detailed and continuous records 
of Quaternary vegetation change in North America, and Doner 
(this volume) analyzed pollen in a short piston core from the lake 
(BL96-2) extending back 19,000 yr. Pollen from BL00-1 was 
analyzed in 359 samples (intervals of 30 cm = ~600-yr resolu-
tion), each comprising 2 cm3. A minimum of 300 grains of ter-
restrial pollen were identifi ed to the lowest taxonomic level pos-
sible, usually genus but sometimes family. The pollen data are 
available through the North American Pollen Database (http://
www.ncdc.noaa.gov/paleo/napd.html).

Preservation of pollen in BL00-1 is excellent, with gener-
ally high concentrations averaging >40,000 grains cm-3. The 
assemblage is dominated by Artemisia (sagebrush), which aver-
ages 46% of the grains throughout the core. Pinus (pine) is the 
second most abundant type, averaging 17%. Other pollen types 
generally constitute <10% each, and their interpretation is dis-
cussed by Jiménez-Moreno et al. (2007). Here (Fig. 9), we sum-
marize the pollen data by combining taxa that indicate similar cli-
matic conditions. “Dry” indicators include Ambrosia (ragweed), 
 Chenopodiaceae-Amaranthus (saltbush), and Sarcobatus (grease-
wood); “warm” indicators include Quercus (oak) and Juniperus 
(juniper); and “cold” indicators are Picea (spruce), other Aster-
aceae (sunfl ower family), and Eriogonum (buckwheat).

The pollen assemblages in BL00-1 can be subdivided into 
two general types: glacial and interglacial. The pollen spectra 
from interglacial periods contain higher percentages of “warm” 
and “dry” indicators, with higher Juniperus percentages during 
the early part of each interglacial interval. Vegetation interpreta-
tions suggest that valley bottoms were occupied by salt-tolerant, 
high-desert shrubs, and that Juniperus woodlands expanded 
locally during interglaciations. Pollen spectra of glacial intervals 
generally have higher percentages of “cold” indicators, suggest-
ing that forest or forest-woodland conditions prevailed.

The pollen data can be further summarized by using a ratio 
of the “warm” plus “dry” indicators (“warm+dry”) to “cold” indi-
cators (Fig. 5). This index is nearly identical to the relative abun-
dance of “warm-arid” taxa emphasized by Jiménez-Moreno et al. 
(2007), but the ratio avoids issues related to closed-array percent-
age data while integrating information on the abundance of cold 
indicators. Sediment deposited during glacial intervals generally 
contains fewer pollen grains of “warm+dry” indicator taxa than 
“cold” taxa (i.e., index values [(warm+dry)/cold] < 1), whereas 
interglacial periods are typifi ed by more “warm+dry” than “cold” 
pollen grains (i.e., index values >1). Overall, the penultimate gla-
cial period (MIS 6) shows lower index values, refl ecting a higher 
proportion of Picea pollen than during the last glacial cycle (MIS 
4–2), and suggesting that MIS 6 was generally colder. The high-

est index values are associated with peak interglacial substages, 
especially MIS 7a, 5e, and 5c. Index values for the early Holo-
cene are intermediate among the peak interglacial intervals.

Diatoms

Diatoms were analyzed from 49 samples (25 core catcher 
samples and 24 core samples) from the upper 73 m of BL00-1 
(Fig. 9; Appendix D). Of the samples analyzed, 28 (57%) con-
tained suffi cient diatoms for meaningful counts. Core catcher 
samples were also analyzed from below 78 m blf to assess 
qualitatively the relative abundance of diatoms. Samples were 
processed following standard methods, as described by Moser 
and Kimball (this volume). Diatom taxonomy was based pri-
marily on Krammer and Lange-Bertalot (1986–1991). Because 
the main goal of this study was to infer climatic and hydrologic 
change, the diatom data are summarized using two indices: 
(1) percentage planktic diatoms, with higher percentages typically 
associated with higher lake levels (Wolin and Duthie, 1999), and 
(2) species diversity, which has been suggested to increase with 
greater habitat variability and nutrient availability (Douglas et 
al., 1994). Simpson’s reciprocal index (SRI; Simpson, 1949) was 
calculated as: SRI = 1/Σp

i
2, where p

i
 is the proportional numerical 

abundance of each species i.
The lowermost sample analyzed (72.7 m blf; MIS 6) con-

tains abundant planktic diatoms (65%), mainly Stephanodiscus 
medius, suggestive of relatively high lake level and nutrient-rich 
conditions (Bradbury, 1997). However, samples from below this 
level will need to be analyzed to determine whether this is a long-
term trend. Samples from 71.1 to 63.8 m blf (late MIS 6) contain 
few to no diatoms. The near absence of diatoms throughout this 
interval indicates poor preservation or a lack of diatoms living 
in Bear Lake. An absence or near absence of diatoms in lake 
sediments deposited during glacial periods has been observed at 
other sites, particularly deep lakes, and has been explained by 
increased dissolution (MacKay, 2007). Because there is no evi-
dence of dissolution in the few diatoms observed in this interval, 
an absence of diatoms in the lake is favored. Conditions were 
probably cold, with an associated increase in ice coverage and 
turbidity, which would have lowered light conditions and pre-
vented diatoms from inhabiting the lake (Bradbury et al., 1994; 
Bradshaw et al., 2000; Karabanov et al., 2004).

Samples from 63.8 to 60.5 m blf (MIS 5e) contain a mix-
ture of well-preserved diatoms and broken diatoms, some with 
signs of dissolution. The broken pieces are typically from large 
pennate diatoms that live in the littoral zone of lakes, including 
Epithemia and Cymbella. The sample from 63.1 m blf contains 
well-preserved small, benthic/tychoplanktic fragilarioid species 
(>90%), mainly Pseudostaurosira brevistriata, indicative of 
a shallow lake (Bradbury, 1988). Unlike the previous interval, 
these data suggest that the lack of diatom valves is due to poor 
preservation. This interval contains aragonite-rich sediment, and 
the poor preservation of diatoms is probably caused by alkaline 
water, especially Mg-rich waters (Flower, 1993). The broken 
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diatoms are consistent with low lake level, and may have been 
eroded and re-deposited as lake level fell. Alternatively, increased 
bioturbation due to shallower water and increased oxygen could 
result in broken diatoms.

From 60.5 to 39.6 m blf (MIS 5d–5a) the diatom assem-
blages include relatively low percentages of planktic taxa (aver-
age = 20%) and are dominated (typically >50%) by small, ben-
thic/tychoplanktic fragilaroid species—mainly Staurosirella 
pinnata and Pseudostaurosira brevistriata, which are suggestive 
of shallow water (Bradbury, 1988). The main planktic diatoms, 
Stephanodiscus medius and Cyclotella meneghiniana, indicate 
high nutrient availability, and Cyclotella meneghiniana suggests 
rapidly fl uctuating salinities. This interval is characterized by 
high diversity (average = 4.1) with assemblages composed of 
numerous planktic and benthic species. These results suggest an 
open-water lake with a signifi cant littoral zone and a large macro-
phyte population, and warmer water than during MIS 6.

In contrast, samples from 36.6 to 20.0 m blf (MIS 4 and MIS 3) 
are dominated by planktic taxa (average = 78%), mainly Stepha-
nodiscus medius, and low diversity (average = 1.8). Stephanodis-
cus medius requires enhanced phosphorus and is typically found in 
mesotrophic to eutrophic waters (Bradbury, 1997). The decrease 
in diversity occurred in both planktic and benthic species. These 
changes suggest an increase in open water and nutrients, indica-
tive of a deeper lake. A deeper lake would increase stratifi cation 
and increase nutrients during spring and fall overturn (Bradbury, 
1997). A loss of macrophytes, perhaps due to lake transgression, 
could have also led to an increase in nutrient delivery to open 
water (e.g., Karst and Smol, 2000). More Bear River input during 
this period would also have increased nutrient delivery to the lake.

Samples from 20 to 10.1 m blf (late MIS 3 and early MIS 2) 
are characterized by an absence of diatoms. As in to MIS 6 and the 
lower part of zone 1 in BL96-2, the absence of diatoms is likely 
due to cold, turbid water (Moser and Kimball, this volume).

The interval from 10.1 to 1.1 m blf (late MIS 2 and MIS 1) is 
typifi ed by assemblages with low percentages (average = 17.5%) 
of planktic diatoms and high species diversity (average = 3.3). 
Samples are dominated (average = 68%) by small, benthic Stau-
rosirella pinnata and Pseudostaurosira brevistriata, suggestive 
of shallow water (Bradbury, 1988). The only planktic diatom 
with an abundance >1% is Cyclotella meneghiniana, which 
suggests more variable salinity than during MIS 3 or 4. These 
results indicate a warm and dry period. The uppermost sample, 
0.5 m blf, is similar to the upper part of cores BL96-1 and 96-2, 
and is characterized by numerous, large broken pennate diatoms 
(Moser and Kimball, this volume). The cause of the broken dia-
toms is unclear, but is suggestive of drying carbonate sediments 
(Flower, 1993) or a high-energy environment.

In summary, the absence of diatoms in sediment deposited 
during glacial periods (MIS 6 and MIS 3/2) indicates low-light 
conditions associated with increased ice cover and increased tur-
bidity, which limited the growing season and diatom population. 
Diatom assemblages of interglacial periods (MIS 5 and 1) indicate 
low lake levels and more saline conditions. The MIS 3 assemblage 

is distinct from MIS 5 and 1, and suggests that lake level was 
higher during this period than during the full interglacials.

DISCUSSION

Synthesis of Evidence for Paleoenvironmental Change

The data from BL00-1 document orbital- to millennial-scale 
fl uctuations in the hydrology of Bear Lake and climate-related 
environmental changes in the catchment during the last quarter-
million years. The broad-scale fl uctuations (104 yr) in mineralogy, 
isotopes, and pollen generally coincide with summer insolation 
in the Northern Hemisphere driven by orbital variations, and with 
global ice volume. Suborbital variability (103 yr) in these indica-
tors is also evident. Jiménez-Moreno et al. (2007) suggested that 
changes in the pollen spectra from BL00-1 coincide with ice-
rafting (Heinrich) events in the North Atlantic, but Heil et al. (this 
volume) note that the timing of major peaks in hematite content 
(a proxy for glacial rock fl our from the Uinta Mountains) does 
not. The uncertainty in the age model for BL00-1 is too high to 
determine whether the timing of any millennial-scale fl uctuation 
coincides with a particular shift reported from other paleocli-
mate records. The chronology is suffi cient to conclude only that 
the frequency of the variability in BL00-1 indicators is similar 
to stadial-interstadial cycles recognized in well-known records 
from other lacustrine (e.g., Benson et al., 2003) and marine (e.g., 
Hendy and Kennett, 1999) basins, and to Dansgaard-Oeschger 
oscillations exhibited in the isotope record from Greenland ice 
(Stuiver and Grootes, 2000). Unlike most terrestrial paleoclimate 
records, BL00-1 extends continuously through the penultimate 
glacial-interglacial cycle and reveals millennial-scale fl uctua-
tions throughout.

Not all of the variability can be attributed to climatic 
changes, however. Rearrangements of the confl uence of Bear 
River and Bear Lake also affected the paleoenvironmental indica-
tors (Fig. 10). The two end-member paleohydrogeographic con-
fi gurations are topographically closed, and fl uvially dominated; 
intermediate confi gurations involve various degrees of hydrologic 
exchange between the lake and the distributaries of Bear River 
where the river debouches onto the fl at fl oor of the northern Bear 
Lake Valley. Presently, the wetland area separating the lake and 
the main channel moderates the infl uence of Bear River on the 
lake. In addition, some of the variability in BL00-1 refl ects pro-
cesses within the lake (as well as tectonic processes) that control 
the delivery of allogenic sediment to the core site, and the biogeo-
chemical processes that infl uence the endogenic components.

The rearrangements of the Bear Lake drainage area are 
refl ected in shifts in mineral assemblages, magnetic properties, 
and isotope ratios of O and Sr. Most of our isotope analyses are 
on bulk-sediment carbonate, which is confounded by a variable 
and unknown proportion of allogenic carbonate. Because the 
bedrock of the region is dominated by carbonate rocks, allogenic 
carbonate was probably always present in the lake sediment. The 
extent to which allogenic carbonate dominated the bulk sediment 
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AA. Closed basin —
no Bear River input

B. Open basin —
overflows at northern
threshold

C. Open basin —
overflows at downcut outlet

D. Open basin —
Bear River inflow buffered by
wetlands

Figure 10. Alternative conceptual 
hydrogeographies for the con-
fl uence of Bear River and Bear 
Lake. Black square—core site 
BL00-1. (A) Topographically 
closed-basin confi guration with 
Bear Lake isolated from surface 
water fl ow of Bear River. Sepa-
ration of Bear Lake from Bear 
River is caused by climatically 
controlled reduction in effective 
moisture that occurred during 
peak interglaciations. (B) Topo-
graphically open basin with the 
shoreline expanded to the basin 
threshold at ~1845 m asl. Cap-
ture of Bear River by Bear Lake 
is caused by the transgression of 
the northern shoreline to intercept 
the river channel, or by avulsion 
of the channel southward into the 
lake. (C) Topographically open 
basin with regressed shoreline. 
The direct connection with the 
outfl ow of Bear River increases 
delivery of fl uvial sediment to the 
core site; increased outfl ow from 
the lake causes down-cutting 
at the outlet, which lowers lake 
level. (D) Intermediate confi gu-
ration with Bear River confl uent 
with Bear Lake via wetlands at 
the north end. The effect of the 
river is moderated by wetlands 
that impend sediment transport 
and solute exchange with the 
lake; this hydrogeography might 
have been the most common dur-
ing the past quarter-million years.
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depends on its proportion relative to the endogenic component, 
rather than on its absolute fl ux. At times when the production of 
endogenic carbonate was low, the isotope composition was more 
strongly infl uenced by the allogenic component. Changes in the 
proportion of allogenic versus endogenic material, and unknown 
differences in the concentration of Sr in the two components, 
complicate the interpretation for Sr isotopes measured in the 
 acid-soluble bulk sediment.

Interglacial Intervals
At the broadest scale, the paleoenvironmental data document 

at least three distinct intervals when the lake retracted into a topo-
graphically closed basin, shut off from Bear River infl ow. On the 
basis of the available age control, these coincide with peak global 
interglacial intervals of MIS 7, 5, and 1. Diatom assemblages indi-
cate low lake levels during MIS 5e and 1, and pollen spectra from 
these intervals indicate an expansion of salt-tolerant plants in the 
valley bottoms and a reduction of coniferous forest in the uplands, 
consistent with the warm and dry conditions that were required 
for lake level to regress below the infl ow of Bear River.

Once the lake regressed, Bear Lake and Bear River became 
disconnected. Evidence for the absence of Bear River infl ow 
includes (1) production of aragonite, favored by evaporative 
conditions and Mg to Ca ratio like that of the lake prior to the 
artifi cial diversion of Bear River into the lake; (2) δ18O values 
in bulk- sediment and ostracode calcite that are enriched in 18O, 
with strongly covarying values of δ13C, indicating evaporation-
 dominated fractionation; (3) generally increased Sr isotope ratios 
in the soluble fraction, refl ecting endogenic carbonate precipitated 
from water derived from the local drainage; and (4) decreased 
ratio of quartz to dolomite, indicating the infl uence of dolomite-
rich, locally derived stream-sediment input. Furthermore, these 
parameters all reversed their trends in sediment deposited after the 
ca. 1912 diversion of Bear River into the lake (Dean et al., 2007).

In deep-marine sediment, MIS 7 includes three global ice-
 volume minima (MIS 7e, 7c, and 7a), of which the younger two and 
the termination of the oldest are represented in BL00-1. Sediment 
apparently deposited in Bear Lake during MIS 7c and 7a exhibits 
maxima in δ18O and carbonate content, and both intervals contain 
aragonite, suggesting that salinity was relatively high. Sediment 
of the younger substage (MIS 7a) exhibits an increase in 87Sr/86Sr 
values, whereas the next older substage (MIS 7c) does not. The 
aragonite content is higher during MIS 7a than 7c, and the ratio 
of “warm+dry” to “cold” pollen indicators reaches its maximum 
value during MIS 7a. Bear River apparently did not discharge into 
Bear Lake during MIS 7a. During the older substage, however, the 
evidence for Bear River input is equivocal, although the presence 
of aragonite indicates that the salinity and Mg to Ca ratio of the 
lake were relatively high for at least brief intervals.

Sediment deposited during MIS 5 includes a prominent 
aragonite-rich zone deposited early during the interval, which we 
correlate with MIS 5e. Like other interglacial intervals, the pollen 
spectra of MIS 5e are dominated by high-desert shrub taxa, with 
abundant juniper, indicating warm and dry conditions. The diatom 

data are all suggestive of a shallow lake. Dramatic shifts in min-
eralogy and isotopes occur in the middle of MIS 5e, and almost 
certainly record the input of the Bear River. We cannot discern 
whether the re-entry of the river resulted from a non-climatically 
infl uenced avulsion, or from a climate-induced lake-level trans-
gression that captured the river. The return of δ18O values to their 
pre-MIS 5 values suggests that effective moisture was high (simi-
lar to conditions during glacial intervals) during the excursion. 
Similar climate reversals during MIS 5e have been noted else-
where (e.g., Thouveny et al., 1994; Seidenkrantz et al., 1995).

Later during MIS 5, two peaks in CaCO
3
 abundance, includ-

ing one with aragonite, correlate with peaks in the proportion 
of “warm” and “dry” pollen indicators, and apparently coincide 
with the interstadials MIS 5c and 5a. During MIS 5c, the ratio of 
quartz to dolomite and the ratio of “warm+dry” to “cold” pollen 
indicators both attain values similar to those of MIS 5e, suggest-
ing the return of peak interglacial conditions, with an increase in 
locally derived, dolomite-rich fl uvial sediment input relative to 
dolomite-poor Bear River sediment input. During the intervening 
stadial intervals, δ18O and 87Sr/86Sr in bulk sediment attain values 
that are among the lowest in the core. We interpret the isotopic 
data from these stadial deposits as indicating high effective mois-
ture, probably resulting from a combination of higher precipita-
tion and lower temperature.

During the Holocene (MIS 1), δ18O and 87Sr/86Sr attain maxi-
mum values similar to those during MIS 5e. CaCO

3
 abundance 

(almost all aragonite) is the highest of the entire quarter-million-
year sequence. In contrast, the ratio of “warm+dry” to “cold” 
pollen indicators is of an intermediate value for interglacial peri-
ods. Our sample interval is too coarse to capture centennial-scale 
climate changes during the last glacial-interglacial transition. A 
prominent reversal to calcite deposition during the early Holocene 
is well studied in shorter cores and has been interpreted as the re-
entry of Bear River into Bear Lake (Dean et al., 2006; Dean, this 
volume), perhaps coinciding with the transgression to the Willis 
Ranch shoreline (Laabs and Kaufman, 2003; Reheis et al., this 
volume). The 1000-year-long freshening event is succeeded in the 
shorter cores by a coarsening of grain size, indicating lake-level 
lowering just prior to the return to the aragonite precipitation that 
dominated the Holocene (Smoot and Rosenbaum, this volume).

Glacial Intervals
With the exception of the three interglacial periods represented 

by the prominent aragonitic zones, we infer that the Bear River 
fl owed into Bear Lake, either directly via a channel or indirectly 
via a wetland, throughout most of the last quarter-million years. 
The extent to which water and sediment input from Bear River 
infl uenced the sedimentation at the core site depended on both cli-
matic and non-climatic factors. Consequently, the manifestations 
of the glacial intervals were markedly different from one another.

During the penultimate glacial period (MIS 6) the ratio of 
“warm+dry” to “cold” pollen indicators is lower overall than 
during the last glacial cycle (MIS 4–2). Values of δ18O in bulk-
sediment carbonate became progressively higher (gray dashed line 
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in Fig. 5C), and the proportion of quartz increased. These trends 
are interpreted as an increase in allogenic input. The correlation 
between quartz abundance and 87Sr/86Sr values is consistent with 
the infl uence of allogenic carbonate, particularly the proportion of 
stream sediment from the Bear River, relative to endogenic car-
bonate. The lowest δ18O values in ostracodes were registered dur-
ing this interval, also indicative of increased meltwater input. We 
interpret these trends as the progressive buildup of glacial sediment 
and meltwater from the Uinta Mountains. Although the analyses 
of 87Sr/86Sr in the acid-insoluble (residue) fraction are sparse, the 
high 87Sr/86Sr values in MIS 6 indicate a strong meltwater signal 
from the Uinta Mountains. Magnetic properties are equivocal as 
to the source of the allogenic material, probably because Fe-oxide 
minerals have been altered in sediments older than MIS 3 (Heil 
et al., this volume). Quartz content reached its maximum value 
immediately prior to the rapid regression that led to the sudden 
precipitation of endogenic carbonate, mostly aragonite. The low 
δ18O values and high quartz values might represent an increase in 
Bear River sediment over endogenic carbonate and might coincide 
with the high lake level that occurred late during the Bear Hollow 
phase of Bear Lake (Laabs and Kaufman, 2003). The age con-
straints on the shoreline deposits are broad (200–100 ka) and per-
missive of a range of possible correlations to events in BL00-1.

During the last glacial cycle, the 110,000-year period extend-
ing from MIS 5d through MIS 2, δ18O values in bulk sediment 
exhibit four relatively evenly spaced minima ca. 100, 80, 55, and 
15 ka (gray dashed lines in Fig. 5C). These minima terminate peri-
ods of decreasing δ18O values in bulk sediment and are followed by 
rapid increases in δ18O, resulting in saw-toothed patterns reminis-
cent of those exhibited by δ18O in Greenland ice (e.g., Stuiver and 
Grootes, 2000). These abrupt increases in δ18O might relate to rapid 
warming following the peak periods of cold/wet climate and atten-
dant mountain glaciation in the Bear Lake catchment. The penulti-
mate minimum in bulk-sediment δ18O values at 29 m blf (ca. 55 ka), 
unlike the preceding two minima, does not show a parallel decrease 
in ostracode δ18O values (Fig. 5). Instead, δ18O values in ostracode 
valves exhibit two prominent minima at 24 and 19 m blf (ca. 45 
and 35 ka). These minima occur following the Laschamp excur-
sion in BL00-1, and their approximated ages are probably some-
what too old. Nonetheless, they coincide broadly with the Jensen 
Spring highstand of Bear Lake, which is dated to 47–39 ka by 14C 
and amino acid geochronology (Laabs and Kaufman, 2003). Dur-
ing the Jensen Spring phase, lake level rose by 11 m, producing 
well-developed spits and other shoreline features in northern Bear 
Lake Valley. The proportion of quartz is also high during this inter-
val, consistent with enhanced discharge from the Bear River.

Between late MIS 3 and early MIS 2, the absence of diatoms 
suggests that cold conditions persisted. The proportion of pollen 
from conifers and other cold-tolerant taxa is high, further suggest-
ing cold conditions. Magnetic properties, trace-element geochem-
istry, mineralogy, and grain size in core BL96-3 indicate that the 
amount of sediment derived from the Uinta Mountains varied dur-
ing this interval (Rosenbaum et al., this volume). On the basis of 
hematite abundance (HIRM) in BL00-1, and following the inter-

pretation of HIRM in shorter piston cores (Rosenbaum and Heil, 
this volume), the delivery of glacial fl our from the Uinta Moun-
tains to Bear Lake increased dramatically late during MIS 3. In 
addition, this interval contains the only distinctively red sediment 
in BL00-1 (unit 6, Fig. 4), refl ecting an increase in the proportion 
of Uinta-derived sediment transported to the core site or the preser-
vation of Fe oxides, or most likely both. Lake level was stable near 
the present level when the red sediment was deposited (Smoot and 
Rosenbaum, this volume). We surmise that the overfl ow threshold 
of the lake was eroded to near its present elevation, and that the 
Bear River entered and exited the lake without the shoreline trans-
gressing the wetlands north of the lake (Fig. 10).

MIS 2 was an unremarkable interval in the sedimentary 
record of Bear Lake, other than the preservation of a prominent 
red, siliclastic unit. The absence of a peak in the proportion of 
quartz at the close of the glacial period is diffi cult to reconcile 
with the major transgression in the terminal Bonneville Basin. 
In contrast to Lake Bonneville, no highstand deposits dating to 
the last glacial maximum have yet been discovered in the Bear 
Lake Valley, although this might refl ect the geomorphic controls 
on the threshold elevation rather than the hydrologic balance of 
the lake. As in the shorter piston cores (Rosenbaum and Heil, this 
volume), the timing of the most recent peak in HIRM in BL00-1 
agrees with the cosmogenic exposure ages on moraines formed 
during the local last glacial maximum in the headwaters of the 
Bear River in the Uinta Mountains, which have been dated to 
ca. 19–17 ka (Laabs et al., 2007). This interval also contains high 
87Sr/86Sr values in the residue fraction. The last δ18O minimum 
took place ca. 15 ka, when the level of Bear Lake rose by 8 m 
and formed shoreline deposits ascribed to the Raspberry Square 
phase (Laabs and Kaufman, 2003). Sedimentologic evidence 
from a shallower core also indicates a sharp lake-level rise at this 
time (Smoot and Rosenbaum, this volume).

Comparison with the Great Salt Lake Subbasin

Site BL00-1 was drilled as part of the same Global Lakes 
Drilling (GLAD) operation that recovered cores from Great 
Salt Lake (Dean et al., 2002). Great Salt Lake is the terminus 
of the Bear River drainage, and it occupies the largest subbasin 
of the Bonneville drainage basin. At times during the Pleisto-
cene, the Great Salt Lake was isolated from the upper part of the 
Bear River drainage (Bouchard et al., 1998). The magnitude of 
lake-level fl uctuations in the Great Salt Lake (i.e., Lake Bonne-
ville and its predecessors) was much greater than in Bear Lake 
because of differences in their topographic confi nement. Bear 
Lake never entirely dried out during the last 220,000 years or lon-
ger. During arid intervals, it generated abundant carbonate, but it 
never evaporated enough to precipitate evaporite minerals (e.g., 
gypsum and halite). In contrast, salts precipitated and wetland 
deposits accumulated in the Great Salt Lake during arid intervals 
(e.g., Oviatt et al., 1999). Although their sedimentary records are 
distinct, the fi rst-order changes at both lakes are infl uenced pri-
marily by lake level, driven by periodic changes in the delivery 
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of Pacifi c moisture. At Bear Lake, lake level dictated whether 
the Bear River was in or out of the lake; at Great Salt Lake, lake 
level determined whether a core site was submerged or subaerial. 
The two lakes both responded to climate changes, but differed 
in their response times. The drainage area of Great Salt Lake is 
much larger than that of Bear Lake, and its hydrologic budget 
is infl uenced more strongly by lake-effect precipitation, imply-
ing some inherent stability (Hostetler et al., 1994; Laabs et al., 
2006). When comparing the sedimentary sequences at Bear Lake 
and Great Salt Lake, we therefore expect broad-scale similarities 
in sedimentary features driven by climate, along with secondary 
differences related to differences in local hydrology.

Recently, Balch et al. (2005) described the sedimentary 
sequence and analyzed the ostracode fauna in a 120-m-long, 
~280,000-year core from Great Salt Lake (GSL00-4). Their data 
indicate that the environment at the core site, located 9.3 m below 
present-day lake level, mainly alternated between a saline/hyper-
saline lake and a saline marsh. In addition, on the basis of their 
coarse sampling interval (1 m spacing = 2000 yr), they identifi ed 
four intervals of freshwater marsh deposits and paleosols formed 
when the site was above lake level, and two intervals when the 
site was below a deep, freshwater lake. We focus our comparison 
of the GLAD cores from Bear Lake and Great Salt Lake on these 
more extreme events, starting with the two deep-water lakes.

The penultimate deep-lake cycle in the Bonneville Basin is 
represented by the Little Valley shoreline, which has been dated to 
ca. 150 ka by amino acid geochronology and other evidence (Scott 
et al., 1983). Using the currently accepted age model for GSL00-4 
in the Great Salt Lake, however, Balch et al. (2005) inferred an older 
age of 170 ± 20 ka for the penultimate deep-water lake. At Bear 
Lake, the quartz maximum and CaCO

3
 minimum located just a few 

meters below the MIS 5e aragonite might correlate with the Little 
Valley shoreline in the Bonneville Basin. If the age of the Little Val-
ley shoreline is closer to 170 ka, as suggested by Balch et al. (2005), 
then we fi nd no extraordinary features around this time in BL00-1 
to mark the event, other than the low δ18O value in ostracodes at 
88 m blf (ca. 165 ka), although an equally low value occurs again at 
78 m blf (ca. 145 ka). Nor do we fi nd evidence for extreme aridity 
in BL00-1 that might coincide with the prominent lower salt layer 
in GSL00-4 that formed sometime between 170 and 140 ka, imme-
diately following that deep-lake event (Balch et al., 2005).

The Lake Bonneville deep-lake phase occurred between 
ca. 25 and 15 ka (Oviatt et al., 1992). The last 5000 years of 
this interval corresponds to the δ18O minimum of the most recent 
25,000-year “saw tooth” in BL00-1. The decreasing quartz con-
tent after 25 ka during MIS 2 is diffi cult to reconcile with the evi-
dence of extremely high lake levels downstream in Lake Bonne-
ville. It points to intra-regional heterogeneity in climate change 
and its hydrologic response.

In addition to deep lakes during MIS 6 and MIS 2, lake 
level in the Great Salt Lake subbasin was high early during 
MIS 3, ca. 60 ka, as indicated by high fl ood-plain deposits of 
Bear River near Great Salt Lake (Kaufman et al., 2001), and by 
freshening of lake water at site GSL00-4 at about the same time 

(Balch et al., 2005). A correlative of this event might be repre-
sented by the minimum in δ18O values in bulk-sediment carbon-
ate and “warm+dry” to “cold” pollen indicators around 30 m blf 
(ca. 55 ka) in BL00-1. The δ18O values in ostracode calcite do not 
exhibit minima until ~25 and 19 m blf (45 and 35 ka), however, 
and these ages are probably too old considering their superposi-
tion relative to the assumed Laschamp excursion.

The intervals of exceptionally low lake level identifi ed in 
GSL00-4 (Balch et al., 2005) appear to correlate with evidence of 
aridity in BL00-1, at least in three of the four cases. According to 
the current age model for GSL00-4, these occurred at 215, 130, 
105, and 45 ka. The oldest three correspond roughly to prominent 
δ18O maxima and aragonite formation in BL00-1 during MIS 7c, 
5e, and 5c (Fig. 5). The lower-than-present lake level in the Great 
Salt Lake basin ca. 45 ka might correspond to the maximum in 
bulk-sediment δ18O value that occurred immediately following 
the presumed Laschamp excursion in BL00-1. On the other hand, 
ostracodes from the same level have δ18O values that are among 
the lowest in the core, and low 87Sr/86Sr values indicate input from 
the Bear River. Furthermore, this interval coincides with the Jensen 
Spring highstand deposits of Bear Lake (47–39 ka; Laabs and Kauf-
man, 2003). Reconciling these apparently confl icting observations 
will require further analyses and an improved geochronology.

SUMMARY AND CONCLUSIONS

Core BL00-1 provides a continuous sedimentary record of 
hydrologic and paleoenvironmental changes in the Bear Lake 
catchment during the last quarter-million years. The sedimentary 
sequence from near the depocenter of the lake exhibits major 
changes in all of the mineralogical, geochemical, isotopic, and 
paleontological indicators that we analyzed. These variations 
refl ect changes in the water and sediment discharged from the 
glaciated headwaters of the dominant tributary, Bear River, and 
the processes that infl uenced sediment delivery to the core site, 
including lake-level changes. The fi rst-order fl uctuations coin-
cide with orbital cycles and global ice volume. Millennial-scale 
fl uctuations are pervasive throughout the last two glacial cycles 
and might correspond to stadial-interstadial cycles recognized in 
other well-known paleoclimate records, but the age control for 
BL00-1 is presently too uncertain.

In addition to climatic controls, the hydrogeography of the 
Bear River also infl uenced the paleoenvironmental indicators in 
BL00-1, and the two probably worked in concert. Isolation of 
the lake from the Bear River likely could have been maintained 
only when effective moisture was low. During most of the last 
quarter-million years, the Bear River discharged into Bear Lake, 
although the connection might have been attenuated by wetlands 
that separated the lake and the main channel. Our data indicate 
that Bear Lake retracted into a topographically closed basin dur-
ing portions of global interglaciations (MIS 7c, 7a, 5e, 5c, and 1). 
During these intervals, the lake generated abundant endogenic 
carbonate with aragonite and high values of δ18O and 87Sr/86Sr. 
The ratio of “warm+dry” to “cold” pollen indicators was  highest 
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during MIS 7a, 5e, and 5a; the present interglaciation (MIS 1) 
exhibits intermediate values. During these interglacial intervals, 
low ratios of quartz to dolomite (allogenic component) indicate 
the dominance of locally derived stream sediment over Bear 
River sediment. Both MIS 5e and MIS 1 intervals include excur-
sions of the Bear River into the lake. The excursion during MIS 
1 might correspond to global climate changes during the last 
 glacial-interglacial transition; whether the excursion during MIS 
5e was induced climatically remains to be determined, although 
the low δ18O values suggests that it was.

Sediment deposited during the penultimate glacial period 
(MIS 6) contrasts with sediment deposited during the last glacial 
cycle (MIS 4–2), although diatom data suggest that the termination 
of both events was characterized by particularly harsh conditions. 
The ratio of “warm+dry” to “cold” pollen indicators is lower over-
all during MIS 6, and the sediment exhibits a progressive increase 
in values of δ18O and 87Sr/86Sr, with parallel increases in quartz 
content. We interpret these changes as the progressive increase in 
the proportion of clastic sediment derived from the Uinta Moun-
tains, refl ecting the increased infl uence of glacial erosional prod-
ucts. The 100,000-year period following the last interglaciation 
(i.e., MIS 5d through MIS 2) comprises four relatively evenly 
spaced intervals of slowly decreasing δ18O values, followed by an 
abrupt increase. The cause of these saw-toothed cycles is not clear, 
but the last two terminate about the time of high lake stands in 
Bear Lake Valley, and at least the youngest one coincides with the 
end of a deep-lake cycle downstream in the Bonneville Basin. The 
youngest one is characterized by the only red mud with preserved 
Fe-oxide minerals in the core, indicative of a fl uvially dominated, 
through-fl owing lake connected to Bear River.
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APPENDIX A. MINERALOGY, INORGANIC, AND ORGANIC CARBON CONTENT, BL00-1 
 

Sample # Depth 
(m blf) 

Quartz 
(%) 

Plag. 
(%) 

Arag. 
(%) 

Dolo. 
(%) 

Calcite 
(%) 

CaCO3 
(%) 

Organic carbon 
(%) 

1h1 5 0.45 27.9 4.9 48.8 5.3 13.1 60.9 1.9 
1h1 89.9 1.29 29.4 5.3 50.4 4.4 10.4 66.9 2.2 
1h1 110.2 1.50 21.3 0.0 63.5 4.8 10.4 58.8 3.9 
1E-1h 2.15 15.8 0.0 63.8 9.5 10.9 75.6 1.7 
1h2 60 2.51 22.6 0.1 62.9 4.6 9.9 72.3 1.8 
1h2 90 2.81 18.1 0.1 66.8 4.8 10.3 76.8 1.1 
1h2 106 2.97 22.9 0.1 63.9 3.8 9.4 76.7 1.2 
1D-1h 3.40 17.4 6.2 64.6 4.4 7.4 79.3 1.0 
2h1 70 4.10 17.5 3.6 68.5 3.6 6.9 76.3 1.4 
1E-2h 5.15 14.8 0.0 69.0 5.0 11.2 78.4 1.1 
2h2 60 5.51 18.5 4.1 61.4 5.3 10.8 75.8 1.3 
2h2 85 5.76 21.1 4.1 58.4 5.4 11.1 68.9 1.8 
1D-2h 6.40 18.2 3.5 63.1 4.4 10.8 75.8 1.1 
3h2 109.6 7.57 27.0 0.2 45.1 5.9 21.8 62.6 2.3 
3h2 117 7.64 35.8 7.1 35.1 5.4 16.7 51.0 3.9 
3h2 125.4 7.72 22.6 4.1 58.0 4.5 10.8 74.1 1.3 
3h2 148.5 7.96 22.2 0.2 61.3 4.5 11.7 74.7 1.8 
1E-3h 8.15 18.1 4.0 60.5 6.7 10.8 74.5 2.4 
3h3 40 8.39 24.6 5.7 47.0 6.2 16.5 67.8 1.6 
3h3 90 8.89 19.8 2.7 0.0 3.4 74.1 63.6 1.6 
1D-3h 9.40 65.3 7.4 0.0 6.3 21.0 10.4 1.0 
4h1 63 10.03 45.6 4.0 0.0 6.2 44.2 27.9 1.8 
4h1 84 10.24 68.2 6.5 0.0 10.1 15.2 13.9 1.7 
4h1 140 10.80 66.5 4.5 0.0 7.0 22.0 14.2 0.6 
1E-4h 11.15 67.2 5.0 0.0 7.9 20.0 15.2 0.4 
4h2 30 11.20 69.5 4.3 0.0 6.6 19.6 12.5 0.7 
4h2 57.4 11.47 65.7 7.7 0.0 7.5 19.2 15.9 0.2 
1D-4h 12.40 72.8 6.7 0.0 6.5 14.0 13.4 0.4 
5h1 54 12.94 70.7 5.3 0.0 7.8 16.3 14.3 0.3 
5h2 20 14.10 71.5 5.0 0.0 9.9 13.6 14.5 0.2 
1E-5h 14.15 77.1 3.9 0.0 7.6 11.4 11.3 0.5 
5h2 110 15.00 63.3 11.9 0.0 5.7 19.1 12.3 0.6 
1D-5h 15.40 67.5 6.7 0.0 6.3 19.5 17.3 0.3 
6h1 30 15.70 66.7 5.1 0.0 9.4 18.9 19.8  
6h1 110 16.50 66.5 4.9 0.0 7.3 21.3 15.9 0.3 
6h1 123 16.63 66.2 6.2 0.0 7.5 20.0 14.2 0.3 
6h1 146 16.86 71.5 9.5 0.0 9.0 10.0 14.0 0.4 
6h1 147.5 16.87 68.8 8.2 0.0 10.8 12.3 11.3 0.7 
1E-6h 17.15 65.4 12.3 0.0 10.5 11.8 13.3 0.7 
6h2 42 17.33 68.3 7.3 0.0 11.7 12.7   
6h2 80 17.71 74.9 8.4 0.0 6.1 10.7 8.2 0.9 
1D-6h 18.40 75.1 6.4 0.0 5.8 12.8 10.6 0.7 
7h1 40 18.80 70.0 6.0 0.0 6.9 17.1 13.4 0.4 
7h1 80 19.20 66.2 6.1 0.0 6.8 21.0 22.8 0.4 
7h1 126 19.66 75.5 7.2 0.0 8.2 9.1 5.6 1.3 
1E-7h 20.15 73.0 10.6 0.0 9.4 7.0 6.4 1.5 
7h2 42 20.33 77.3 6.6 0.0 5.5 10.6 14.0 0.2 
7h2 67 20.58 68.0 6.2 0.0 5.9 19.9 18.5 0.6 
7h2 130 21.21 64.8 7.5 0.0 9.0 18.7 13.1 1.8 
1D-7h 21.40 59.1 13.9 0.0 7.4 19.7 14.0 1.5 
8h1 74 22.14 63.6 4.8 0.0 7.3 24.3 15.2 0.5 
8h2 20.5 23.10 60.4 6.0 0.0 6.9 26.7 19.0 0.8 
1E-8h 23.15 57.6 4.6 0.0 7.9 29.8 16.4 1.2 
8h2 120.3 24.10 52.9 5.3 0.0 6.5 35.2 19.0 2.2 
1D-8h 24.40 64.4 6.0 0.0 7.4 22.2 11.8 1.4 
9h2 26 26.15 66.6 6.0 0.0 7.9 19.5 13.0 0.8 
1E-9h 26.15 66.3 6.5 0.0 8.5 18.7 12.6 0.7 
9h2 128.2 27.16 77.5 6.3 0.0 7.7 8.5 3.6 3.7 
1D-9h 27.40 78.4 7.1 0.0 8.7 5.8 5.5 2.6 
10h1 36 27.76 78.3 10.1 0.0 11.6 0.0 14.3 2.2 
10h1 57 27.97 75.6 9.7 0.0 11.4 3.3 9.8 3.3 
10h1 120 28.60 67.7 9.8 0.0 6.1 16.4 20.8  
1E-10h 29.15 68.7 5.4 0.0 9.1 16.7 10.5 2.3 
10h2 60 29.51 50.4 5.3 0.0 4.6 39.7 21.2 2.5 
10h2 129.7 30.20 54.5 6.0 0.0 5.2 34.3 21.1 2.6 
1D-10h 30.40 59.0 6.9 0.0 8.9 25.3 13.8 2.3 
11h1 69.9 31.09 58.9 7.6 0.0 7.3 26.2 14.2 1.7 
11h1 131.7 31.71 73.0 8.6 0.0 9.5 9.0 7.1 3.2 
1E-11h 32.15 45.8 5.1 0.0 6.2 42.8 30.8 1.9 
1D-11h 33.40 62.5 8.1 0.0 7.6 21.8 13.4 1.6 
1E-12h 35.15 61.7 7.9 0.0 9.9 20.6 14.1 1.0 

(continued)
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APPENDIX A. MINERALOGY, INORGANIC, AND ORGANIC CARBON CONTENT, BL00-1 (continued) 
 

Sample # Depth 
(m blf) 

Quartz 
(%) 

Plag. 
(%) 

Arag. 
(%) 

Dolo. 
(%) 

Calcite 
(%) 

CaCO3 
(%) 

Organic carbon 
(%) 

12h2 33.1 35.24 61.4 6.4 0.0 8.6 23.7 17.5 1.0 
12h2 79.2 35.70 63.8 7.1 0.0 8.5 20.6 10.0 1.5 
1D-12h 36.40 66.0 6.8 0.0 6.3 20.9 14.6 0.8 
13h1 66 37.02 71.1 7.9 0.0 5.6 15.4 9.9 2.0 
1E-13h 38.15 61.6 16.3 0.0 5.5 16.6 10.0 0.9 
13h2 83.8 38.63 48.9 6.1 0.0 4.8 40.2 26.6 1.9 
13h2 101.7 38.80 47.5 7.1 0.0 4.2 41.1 24.8 1.9 
14h1 9.8 39.49 69.0 7.2 0.0 5.9 17.9 9.2 0.9 
14h1 99.6 40.39 44.4 5.8 0.0 5.5 44.3 23.2 1.2 
1E-14h 41.15 34.0 5.6 0.0 4.6 55.9 41.8 1.5 
14h2 100 41.91 43.3 5.1 0.0 6.0 45.7 43.8 1.5 
14h2 134 42.25 36.3 4.4 0.0 4.6 54.7 27.8 0.8 
1D-14h 42.40 39.1 4.8 0.0 5.0 51.1 25.8 0.7 
15h1 50 42.90 51.6 6.2 0.0 6.7 35.4 16.8 0.6 
15h1 139.5 43.79 51.8 7.2 0.0 7.1 33.9 18.3 0.5 
1E-15h 44.15 56.7 4.3 0.0 6.9 32.1 20.9 0.3 
15h2 87.5 44.77 53.1 5.3 0.0 5.7 35.9 20.3 0.9 
1D-15h 45.40 50.8 5.5 0.0 6.2 37.5 24.0 1.3 
16a1 75 46.11 58.5 5.6 0.0 7.0 28.9 18.0 0.5 
1E-16h 47.15 40.2 3.9 0.0 6.1 49.8 31.5 1.5 
16a2 50 47.30 42.9 4.8 0.0 5.1 47.2 22.2 2.7 
16a2 107.5 47.87 57.4 6.1 0.0 7.4 29.2 22.1 0.7 
1D-16a 48.36 55.9 6.2 0.0 7.4 30.5 20.2 0.8 
17a1 59.3 48.94 59.5 5.6 0.0 7.8 27.1 19.7 0.1 
17a1 109.3 49.42 59.8 5.0 0.0 6.0 29.1 18.8 0.5 
17a1 139.2 49.71 47.2 8.1 0.0 5.3 39.4 33.4 0.4 
1E-17e 50.15 42.8 7.1 0.0 6.7 43.4 21.7 1.6 
17a2 52 50.33 39.3 32.3 0.0 0.0 28.4 3.2 0.3 
17a2 99.2 50.78 49.3 5.6 0.0 5.0 40.1 20.4 1.6 
18a2 11.5 50.82 31.0 8.6 0.0 7.7 52.7 26.8 0.8 
1D-17a 51.36 40.1 5.6 0.0 7.3 46.9 27.3 2.1 
18a2 21.5 51.91 36.0 33.1 0.0 0.0 30.9 1.6  
18a2 21.5 51.91      1.3  
18a2 90 52.52 27.8 4.4 0.0 4.9 62.9 49.0 1.1 
1E-18e 53.15 30.5 7.2 0.0 8.1 54.2 25.9 0.7 
18a3 133 54.22 42.6 4.7 0.0 4.0 48.8 19.0 2.3 
1D-18a 54.36 44.7 4.5 0.0 5.3 45.5 28.0 0.9 
1D-19A-2-5 54.48 43.7 4.0 0.0 5.1 47.2 23.5 1.3 
1D-19A-2-26 54.68 53.4 0.0 0.0 6.1 40.6 23.8 0.6 
19a2 35.5 54.76 50.5 4.7 0.0 5.2 39.6 22.5 0.7 
1D-19A-2-45 54.86 47.9 4.6 0.0 5.7 41.9 24.9 1.0 
1D-19A-2-65 55.06 41.6 3.9 0.0 5.0 49.5 30.4 1.6 
1D-19A-2-85 55.25 38.5 4.6 9.5 6.8 40.6 36.6 1.7 
1D-19A-2-105 55.44 42.7 0.0 31.6 7.9 17.9 45.6 1.7 
1D-19A-2-125 55.63 41.0 5.0 31.8 6.0 16.3 49.0 1.7 
1E-19e 55.65 42.9 5.1 29.2 5.7 17.2 48.3 1.6 
1D-19A-2-145 55.82 50.2 6.0 27.7 9.7 6.4 41.8 2.1 
1D-19A-3-5 55.92 39.0 5.9 0.0 6.1 49.1 44.3 1.5 
1D-19A-3-25 56.11 49.2 0.0 0.0 5.6 45.2 25.1 0.7 
1D-19A-3-45 56.30 40.5 0.0 0.0 4.8 54.7 32.1 0.8 
1D-19A-3-65 56.50 78.8 11.4 0.0 9.8 0.0 48.8 2.0 
19a3 79.3 56.62 77.6 9.6 0.0 12.8 0.0 49.6 1.5 
1D-19A-3-105 56.88 48.6 4.5 0.0 5.8 41.0 28.5 1.8 
1D-19A-3-125 57.07 48.6 5.3 0.0 6.2 40.0 25.3 1.7 
1D-19A-3-145 57.26 57.6 5.8 0.0 6.3 30.4 20.5 1.4 
1D-19a 57.36 59.0 4.9 0.0 6.4 29.7 19.9 1.0 
1E-20e 58.15 55.2 3.4 0.0 5.9 35.5 23.1 0.7 
20a2 24.3 59.04 48.9 5.6 0.0 5.4 40.2 29.7 2.9 
20a2 55.7 59.35 53.0 5.6 0.0 5.7 35.7 23.5 0.6 
20a2 62.5 59.42 51.2 6.7 0.0 5.6 36.5 25.6 1.2 
20a2 92.6 59.71 46.9 12.7 0.0 5.2 35.2 24.8 0.8 
1D-20a 60.36 43.5 5.8 0.0 5.2 45.5 33.9 2.7 
1D-21A-1-5 60.41 58.0 0.0 0.0 7.0 35.1 20.2 2.7 
1D-21A-1-25 60.60 62.8 0.0 5.9 5.5 25.9 22.9 2.4 
1E-21e 60.65 53.9 5.2 0.0 8.0 32.9 21.9 1.4 
1D-21A-1-45 60.80 52.9 4.3 0.0 4.9 38.0 24.5 1.7 
21a1 67.5 61.00 50.6 5.8 4.0 4.8 34.8 22.7 2.2 
1D-21A-1-85 61.19 48.9 6.3 21.5 5.5 17.8 38.5 1.6 
21a1 113 61.44 37.3 6.3 34.7 4.8 16.9 54.6 1.0 

(continued)
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APPENDIX A. MINERALOGY, INORGANIC, AND ORGANIC CARBON CONTENT, BL00-1 (continued) 
 

Sample # Depth 
(m blf) 

Quartz 
(%) 

Plag. 
(%) 

Arag. 
(%) 

Dolo. 
(%) 

Calcite 
(%) 

CaCO3 
(%) 

Organic carbon 
(%) 

1D-21A-1-125 61.57 38.1 0.0 39.3 6.2 16.3 56.4 1.3 
1D-21A-1-145 61.77 31.7 8.5 37.7 6.4 15.7 60.8 1.2 
21a2 24.8 62.08 28.8 1.8 50.7 5.1 13.7 68.9 1.4 
21a2 79.8 62.60 16.7 1.1 3.2 2.6 76.4 67.6 0.8 
21a2 104.7 62.84 27.5 5.1 50.6 4.9 12.0 70.0 1.7 
21a2 133.8 63.12 30.6 1.7 46.5 4.5 16.6 73.3 0.6 
1E-22e 63.15 29.0 3.3 45.8 7.3 14.5 71.6 1.2 
1D-21a 63.36 33.0 5.9 34.0 4.4 22.7 62.8 1.2 
22a1 70.9 64.06 37.3 5.4 35.0 9.0 13.3 46.2 0.9 
22a1 143.5 64.78 26.3 8.4 43.4 9.6 12.3 53.3 3.1 
1D-22A-2-5 64.90 35.3 4.7 42.8 6.9 10.4 66.4 1.3 
1D-22A-2-25 65.10 32.1 5.3 38.8 7.7 16.1 60.3 1.4 
1D-22A-2-45 65.30 29.1 4.5 42.9 7.8 15.8 64.2 1.0 
22a2 68.5 65.53 32.2 1.7 42.3 6.9 17.0 63.4 1.1 
1E-23e 65.65 35.6 5.0 34.9 9.0 15.5 55.4 1.3 
1D-22A-2-95 65.79 32.8 0.0 38.5 10.5 18.2 59.3 1.6 
22a2 126.5 66.10 41.7 5.7 29.6 6.8 16.2 53.2 1.2 
22a2 126.5 66.10      51.7  
1D-22A-2-145 66.29 30.6 11.6 32.2 7.6 18.0 54.2 1.2 
1D-22a 66.36 37.8 5.5 30.7 8.4 17.5 54.3 1.8 
1D-23A-1-5 66.40 34.4 4.7 37.2 7.1 16.7 58.0 1.2 
1D-23A-1-25 66.58 35.9 5.4 33.2 6.3 19.2 54.4 1.3 
1D-23A-1-45 66.75 35.5 5.3 34.7 8.8 15.7 51.7 1.3 
1D-23A-1-65 66.93 43.6 0.0 37.9 6.1 12.4 58.1 1.4 
23a1 87 67.12 29.2 6.9 43.1 5.1 15.7 65.0 1.7 
23a1 117 67.38 30.7 5.2 10.6 5.3 48.2 46.4  
23a1 117 67.38      45.0 2.8 
1D-23A-1-145 67.62 43.7 4.2 0.0 4.7 47.4 28.3 2.8 
1D-23A-2-5 67.71 54.6 4.6 0.0 7.7 33.1 21.8 2.4 
1D-23A-2-25 67.89 69.6 5.5 0.0 10.7 14.2 10.6 2.6 
1D-23A-2-45 68.06 76.5 5.0 0.0 13.0 5.5 6.9 2.2 
1E-24e 68.15 70.1 11.9 0.0 10.1 7.9 9.8 2.0 
23a2 57.5 68.17 76.8 6.1 0.0 10.5 6.6 10.2 1.6 
23a2 57.5 68.17      9.1  
1D-23A-2-85 68.41 74.7 9.1 0.0 10.6 5.6 5.8 1.4 
23a2 110 68.63 65.0 7.9 0.0 8.2 18.8 24.8 0.5 
23a2 110 68.63      23.0 0.8 
1D-23a 68.86 63.1 9.2 0.0 8.2 19.5 13.8 0.3 
24e2 14.3 69.08 63.6 8.2 0.0 8.0 20.2 12.3 0.3 
24e2 14.3 69.08      10.8 0.5 
24e2 62.7 69.47 70.1 6.7 0.0 9.8 13.4 11.7  
24e2 62.7 69.47      10.3 0.9 
24e3 2.5 70.16 65.8 8.5 0.0 7.0 18.8 6.5 1.3 
24e3 58.7 70.61 60.3 6.9 0.0 8.9 23.9 21.1 1.0 
1E-25e 70.65 64.4 4.5 0.0 8.4 22.8 15.1 0.3 
24e3 112.8 71.03 63.2 6.5 0.0 7.7 22.5 21.0 0.5 
24e3 133.4 71.19 71.9 8.2 0.0 10.0 10.0 10.4 0.7 
1D-24e 71.37 71.2 7.1 0.0 9.0 12.7 12.9 1.2 
25e2 132.5 72.50 65.6 8.6 0.0 8.2 17.6 15.3 1.8 
1E-26e 73.15 66.8 6.0 0.0 8.9 18.4 13.8 1.1 
25e3 77 73.24 63.2 6.4 0.0 8.4 22.0 13.9 0.9 
1D-25e 73.87 70.1 8.8 0.0 8.1 13.0 21.8 1.1 
26e2 95.3 74.75 59.0 5.5 0.0 7.0 28.5 24.0 0.9 
26e2 132.7 75.04 59.7 5.4 0.0 9.1 25.8 19.4 0.5 
26e3 39 75.47 58.9 6.7 0.0 8.6 25.8 23.2 0.4 
1E-27e 75.65 61.2 3.7 0.0 7.8 27.2 22.0 0.4 
26e3 109 76.01 55.9 6.7 0.0 7.9 29.5 15.8 1.7 
1D-26e 76.37 59.2 5.4 0.0 7.8 27.5 19.4 0.4 
27e1 38 76.66 60.8 5.1 0.0 7.6 26.5 18.2 0.4 
1D-27e 76.97 60.3 5.6 0.0 7.2 26.9 15.7 0.8 
28e2 77.8 77.77 60.7 5.5 0.0 7.5 26.3 19.7 0.4 
1E-28e 78.15 60.1 4.3 0.0 6.5 29.1 19.0 0.5 
28e2 147 78.29 56.9 5.8 0.0 7.3 30.0 20.5 0.3 
28e3 16.4 78.43 56.2 5.4 0.0 8.7 29.7 22.8 0.7 
28e3 60.2 78.75 59.1 7.1 0.0 8.0 25.8 13.3 1.8 
28e3 93.4 79.00 57.2 6.2 0.0 7.5 29.1 20.2 1.0 
28e3 140.3 79.35 57.5 5.8 0.0 6.6 30.1 22.3 1.0 
1D-28e 79.47 54.0 7.0 0.0 9.6 29.4 23.5 0.9 
29e3 58.3 80.41 67.0 5.7 0.0 8.3 19.1 9.9 1.7 
1E-29e 80.65 53.5 6.4 0.0 9.7 30.4 22.2 1.4 

(continued)
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APPENDIX A. MINERALOGY, INORGANIC, AND ORGANIC CARBON CONTENT, BL00-1 (continued) 
 

Sample # Depth 
(m blf) 

Quartz 
(%) 

Plag. 
(%) 

Arag. 
(%) 

Dolo. 
(%) 

Calcite 
(%) 

CaCO3 
(%) 

Organic carbon 
(%) 

29e2 110.3 81.18 75.4 6.8 0.0 9.3 8.6 16.8 0.3 
1D-29e 81.97 62.7 5.5 0.0 8.2 23.7 16.4 0.5 
30e2 38 82.49 58.2 5.9 0.0 10.6 25.3 23.6 0.2 
29e3 136 82.80 60.9 6.6 0.0 7.9 24.6 20.1 0.2 
1E-30e 82.90 57.0 4.2 0.0 5.8 33.0 27.5 0.4 
30e3 26.4 83.51 59.1 5.3 0.0 8.8 26.9 18.9 1.6 
30e3 73.7 83.86 59.9 8.4 0.0 8.4 23.3 40.0 0.7 
30e3 96.2 84.02 71.8 7.7 0.0 7.2 13.3 9.5 0.7 
1D-30e 84.47 65.6 7.9 0.0 8.0 18.5 10.3 1.0 
31e1 60.5 84.94 64.3 11.7 0.0 6.3 17.6 11.3 0.7 
31e1 81.8 85.10 57.0 9.2 0.0 6.2 27.6 9.7 0.9 
1E-31e 85.15 68.6 6.2 0.0 7.8 17.5 12.3 1.2 
31e2 16.8 85.75 61.6 6.4 0.0 7.0 25.0 24.4 0.5 
31e2 66.6 86.14 60.1 6.0 0.0 6.5 27.4 18.2 1.1 
1D-31e 86.47 55.4 6.2 0.0 6.4 32.0 20.2 0.7 
32e1 59.3 86.90 58.2 6.8 0.0 7.0 28.0 14.7 0.4 
32e1 123 87.35 50.3 7.0 0.0 6.1 36.5 30.9 0.6 
1E-32e 87.40 54.1 3.8 0.0 6.3 35.8 29.0 0.7 
32e2 59.9 87.99 54.6 6.2 0.0 7.5 31.6 17.9 0.6 
1D-32e 88.47 58.6 5.7 0.0 6.7 29.1 17.3 0.6 
33e1 35.9 88.75 53.3 7.8 0.0 6.5 32.5 23.4 0.6 
33e1 141.8 89.60 38.4 5.4 0.0 7.1 49.2 36.8 1.5 
1E-33e 89.65 38.7 3.6 0.0 5.7 52.0 38.6 1.3 
33e2 43.6 90.02 53.0 8.4 0.0 7.0 31.6 24.8 0.7 
33e2 91.2 90.40 39.7 4.8 0.0 6.0 49.6 26.9 1.2 
1D-33e 90.47 48.2 5.9 0.0 6.7 39.2 25.0 1.2 
34e1 119.8 91.33 49.9 6.0 0.0 7.5 36.6 27.0 1.3 
34e2 47.1 91.90 41.7 4.9 0.0 6.9 46.5 33.8 1.1 
1E-34e 91.90 36.7 5.5 0.0 5.5 52.4 35.3 1.3 
34e2 111 92.36 53.0 15.2 0.0 7.4 24.4 14.6 1.6 
1D-34e 92.47 62.8 6.2 0.0 7.3 23.8 15.4 1.0 
35e1 82.2 93.07 60.2 5.9 0.0 7.6 26.4 19.1 0.3 
1E-35e 94.15 57.4 4.4 0.0 7.0 31.3 18.8 0.8 
35e2 86.6 94.19 56.2 10.9 0.0 6.5 26.3 16.8 1.4 
36e1 51.5 94.83 66.8 6.7 0.0 7.7 18.8 15.7 0.8 
36e2 19.1 95.65 60.6 9.3 0.0 7.0 23.1 30.3 0.2 
1E-36e 95.90 62.4 5.6 0.0 10.1 21.9 11.4 0.3 
36e2 92.6 96.16 68.7 8.2 0.0 7.9 15.2 9.8 0.8 
36e2 109.5 96.28 61.8 7.4 0.0 6.6 24.3 14.7 0.4 
1D-36e 96.47 58.4 11.7 0.0 6.8 23.2 14.8 0.3 
37e2 45.4 97.98 53.0 7.7 0.0 5.6 33.7 22.8 1.3 
1E-37e 98.15 59.5 5.1 0.0 7.1 28.3 17.2 1.1 
37e2 92 98.34 60.5 7.9 0.0 5.3 26.3 16.8 0.9 
37e2 94.1 98.35 70.7 9.6 0.0 6.9 12.8 9.3 0.7 
38e2 52.8 99.95 32.9 10.8 0.0 7.2 49.1 18.1 0.7 
38e2 75.8 100.11 28.1 1.6 0.0 5.4 65.0 40.3 2.3 
1E-38e 100.40 28.6 3.4 0.0 5.4 62.6 45.9 1.6 
1D-38e 100.47 45.8 6.3 0.0 7.6 40.3 20.5 1.4 
1E-39E-2-9 100.59 31.6 3.2 0.0 4.9 60.3 42.1 1.7 
1E-39E-2-25 100.71 49.1 4.8 0.0 7.2 39.0 20.3 1.5 
1E-39E-2-45 100.85 48.7 0.0 0.0 6.9 44.5 24.0 1.4 
39E-2-53.6-54.9 100.91 47.5 4.6 0.0 5.7 42.2 24.9 1.4 
1E-39E-2-65 101.05 45.9 5.2 0.0 6.0 42.9 23.8 1.5 
1E-39E-2-85 101.13 49.5 4.4 0.0 5.6 40.5 24.6 1.1 
1E-39E-2-105 101.27 37.1 4.2 0.0 5.1 53.6 36.5 1.3 
1E-39E-2-125 101.42 27.9 4.0 0.0 7.3 60.8 47.2 1.1 
39E-2-144.9-145.7 101.56 37.8 8.3 9.9 7.1 36.9 42.7 1.2 
1E-39E-3-5 101.64 40.4 6.5 23.5 7.8 21.9 45.8 1.1 
1E-39E-3-25 101.78 29.9 3.8 45.8 7.1 13.4 58.7 1.1 
1E-39E-3-45 101.92 37.2 4.3 38.0 6.5 14.0 57.4 1.0 
39E-3-59.4-60 102.02 36.4 5.2 34.6 7.7 16.1 51.7 0.9 
1E-39E-3-85 102.20 44.1 0.0 31.6 10.9 13.4 55.8 1.0 
39E-3-96.6 102.29 36.6 4.1 35.4 9.1 14.8 50.1 0.9 
39E-3-119.5 102.45 36.9 4.1 37.1 7.6 14.4 54.7 1.1 
1E-39E-3-140 102.59 36.5 0.0 39.6 7.5 16.4 53.2 1.1 

 2.1 6.35 3.51 4.6 4.83 7.4 2.53 56.201 E93
1E-40E-1-5 102.69 32.0 5.0 39.1 8.2 15.7 55.8 0.9 
1E-40E-1-25 102.84 38.8 0.0 34.1 7.7 19.5 51.2 1.1 
1E-40E-1-45 102.99 54.4 0.0 0.0 10.5 35.2 53.0 1.0 

(continued)
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APPENDIX A. MINERALOGY, INORGANIC, AND ORGANIC CARBON CONTENT, BL00-1 (continued) 
 

Sample # Depth 
(m blf) 

Quartz 
(%) 

Plag. 
(%) 

Arag. 
(%) 

Dolo. 
(%) 

Calcite 
(%) 

CaCO3 
(%) 

Organic carbon 
(%) 

40E-1-59.8-61 103.10 35.1 0.0 40.0 7.5 17.4 39.5 2.9 
1E-40E-1-85 103.29 52.2 6.7 0.0 10.4 30.7 54.9 1.3 
1E-40E-1-105 103.45 31.1 0.0 0.0 4.1 64.8 49.1 1.5 
40E-1-130-130.8 103.63 33.1 3.8 0.0 3.8 59.3 29.2 2.8 
1E-40E-1-145 103.75 36.3 3.9 0.0 5.4 54.4 35.4 1.4 
40E-2-32 104.03 43.6 4.0 0.0 5.5 46.9 25.3 1.7 
40E-2-45.1 104.13 39.7 3.5 0.0 4.7 52.1 30.1 1.5 
40E 104.90 53.3 4.8 0.0 6.5 35.4 22.1 0.6 
41E-2-79.6 105.62 56.6 4.5 0.0 6.4 32.5 22.4 0.4 
41E-2-129 105.95 37.4 4.9 0.0 5.0 52.7 19.6 3.0 
41E-3-111.9 106.84 39.7 4.1 0.0 4.7 51.4 17.2 2.6 
41E 107.15 41.4 3.5 0.0 4.6 50.5 30.5 1.3 
42E-1-33-34 107.40 46.1 4.3 0.0 5.4 44.1 25.2 1.0 
42E-2-99.4-100.5 107.90 41.1 3.7 0.0 4.9 50.3 21.7 0.8 
1E-42E-2-5 108.32 45.1 0.0 0.0 5.2 49.6 24.7 1.2 
1E-42E-2-25 108.47 51.5 4.8 0.0 6.3 37.4 19.1 0.8 
42E-2-52.8 108.68 32.6 3.6 0.0 3.5 60.3 24.6 3.5 
1E-42E-2-70 108.81 33.7 4.0 0.0 3.7 58.6 35.6 1.4 
1E-42E-2-100 109.04 23.1 3.4 0.0 5.6 67.9 50.0 1.4 
42E-2-122.9 109.21 35.2 3.4 0.0 3.5 57.9 26.0 2.8 
1E-42E-2-141 109.35 31.2 10.0 0.0 3.4 55.3 40.3 0.7 
42E 109.40 29.1 3.9 0.0 4.7 62.3 48.4 1.2 
1E-43E-1-4 109.43 47.2 0.0 0.0 6.9 45.9 24.5 1.2 
1E-43E-1-24 109.58 28.0 3.2 0.0 3.7 65.2 53.8 1.6 
1E-43E-1-45 109.73 31.5 0.0 0.0 3.6 64.9 39.5 1.2 
1E-43E-1-65 109.87 24.5 0.0 0.0 4.0 71.6 47.1 1.1 
1E-43E-1-85 110.02 30.5 3.4 0.0 3.8 62.2 37.4 1.1 
1E-43E-1-104 110.16 31.6 0.0 0.0 3.9 64.6 38.2 1.5 
1E-43E-1-124 110.31 72.2  15.3 12.5 0.0 57.0 1.4 
1E-43E-1-145 110.46 19.0 0.0 3.6 3.2 74.2 62.0 1.6 
1E-43E-2-4 110.53 83.4 0.0 0.0 16.7 0.0 63.3 1.2 
1E-43E-2-24 110.68 25.7 0.0 0.0 3.4 70.9 47.9 0.8 
1E-43E-2-44 110.82 25.8 0.0 0.0 3.2 71.0 50.8 0.9 
43E-2-49.2-49.9 110.86 21.5 2.5 0.0 3.2 72.8 54.9 1.0 
1E-43E-2-64 110.97 17.4 0.0 5.0 3.4 74.2 65.1 1.1 
1E-43E-2-84 111.11 16.6 3.3 0.0 3.5 76.6 65.9 1.1 
1E-43E-2-104 111.26 18.6 0.0 0.0 3.9 77.5 65.3 1.1 
1E-43E-2-124 111.41 71.1 13.7 0.0 15.3 0.0 64.0 1.3 
1E-43E-2-144 111.55 19.5  0.0 4.8 75.7 61.8 1.3 
43E 111.65 25.3 2.3 0.0 3.1 69.3 60.3 1.4 
42E-2-59.9 113.20 38.1 5.5 0.0 6.2 50.3 35.0 1.1 
44E 113.90 38.9 3.8 0.0 6.4 50.9 36.6 1.1 
45E-2-69.5-70.4 114.54 37.2 3.6 0.0 4.5 54.8 37.6 1.4 
45E-2-129-130.2 114.94 43.1 4.7 0.0 6.3 46.0 30.3 2.0 
45E-3-3.1 115.11 54.7 6.2 0.0 10.5 28.6 18.7 1.5 
45E-3-32.8 115.31 61.2 7.1 0.0 11.2 20.6 13.5 0.7 
45E-3-132.8 115.99 57.1 5.3 0.0 7.2 30.4 18.1 3.6 
45E 116.15 66.4 10.5 0.0 7.8 15.3 18.3 1.0 
46E-1-81.2-82.1 116.76 59.5 9.1 0.0 8.3 23.1 13.8  
46E-1-140.8-141.3 117.21 81.5 18.5 0.0 0.0 0.0   
46E-2-91.1 117.97 56.7 4.8 0.0 6.5 32.0 19.3 2.4 
46E 118.40 52.8 4.8 0.0 6.2 36.3 21.3 1.0 
47E-2-29.5-30.6 118.74 51.0 4.6 0.0 5.6 38.9 7.3 1.7 
47E-2-64.8-65.8 118.98 57.1 4.0 0.0 7.3 31.5 18.3 1.1 
47E-3-80 120.12 40.3 3.9 0.0 4.5 51.3 27.7 1.6 
47E-3-144.9 120.57 29.5 3.9 0.0 3.7 62.9 35.8 0.8 
47E 120.65 32.1 3.1 0.0 4.4 60.4 40.3 0.9 
   Note: Mineralogic composition based on X-ray diffraction peak intensities and are approximations only. Organic and inorganic 
carbon contents are based on coulometry. 
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APPENDIX C. OSTRACODE FAUNA FROM BL00-1 
 

Depth 
(m blf) 

Wt 
(g) 

C sp. 1 
(vpg) 

C sp. 2 
(vpg) 

C sp. 3 
(vpg) 

C sp. 4
(vpg) 

C sp. 5
(vpg) 

C sp. 7
(vpg) 

Cyth lac
(vpg) 

Unk sp
(vpg) 

Limno 1 
(vpg) 

Total 
(vpg) 

Juvenile
Limno 

Juvenile
Cyth 

0.5 9.1 2.1 6.4 3.0 0.2 0.7 0.2 0.0 1.4 0.4 14.4 x  
1.5 9.7 2.5 9.3 0.8 0.4 0.0 0.3 0.0 0.0 0.2 13.5   
2.9 8.2 1.1 0.0 0.0 1.1 0.0 0.1 0.0 0.1 0.5 2.9   
4.0 12.0 2.1 0.1 0.1 0.8 0.0 0.0 0.0 0.0 0.0 3.1 x  
6.2 13.4 1.3 0.8 0.1 0.6 0.0 0.2 0.0 0.0 0.1 3.2   
7.2 14.6 2.1 0.3 0.1 0.0 0.0 0.1 0.0 0.0 0.0 2.5   
8.3 18.9 1.7 1.6 0.1 0.1 0.0 0.1 0.0 0.0 0.1 3.6 x  
9.3 26.7 2.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.2   

10.3 38.8 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4   
11.5 62.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
12.5 62.3 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4   
13.5 69.5 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1   
14.7 61.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
15.7 57.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
16.7 66.8 0.4 0.1 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.8   
17.9 60.6 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5   
19.0 64.9 0.2 0.1 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.4   
20.0 50.5 1.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 1.2   
21.0 54.4 1.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 1.3   
22.0 65.3 0.5 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.6  x 
23.0 49.7 1.3 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 1.4   
24.1 49.2 1.7 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 1.9   
25.1 71.5 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7   
26.0 59.9 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4   
27.0 50.1 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2   
28.0 48.7 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9   
29.1 45.2 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2   
30.2 56.4 1.8 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 1.8   
31.2 58.1 1.7 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 1.7   
32.2 50.8 0.4 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.5   
33.2 51.2 0.8 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 1.0   
34.3 56.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4   
35.5 51.5 0.4 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.4   
36.5 51.3 0.9 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 1.1   
37.5 65.2 0.4 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.6   
38.7 47.1 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7 x  
39.6 48.4 0.5 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.6   
40.6 48.9 0.9 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 1.1   
41.8 60.1 1.3 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 1.7 x  
42.8 49.0 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.1 0.0 0.3   
43.8 64.2 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5   
44.9 57.8 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 x  
45.8 55.5 0.2 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.3 x  
46.4 52.4 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9   
47.6 61.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4   
48.6 54.6 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3   
49.5 62.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 x  
50.5 50.9 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1   
51.5 43.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
52.5 57.7 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 x  
53.6 57.4 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 x  
54.4 48.5 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2   
55.2 55.8 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 x  
56.1 64.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 x  
56.9 57.2 0.3 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.4 x  
57.7 53.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 x  
58.6 48.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
59.4 45.0 0.2 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.4 x  
60.2 48.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 x  
61.1 55.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1   
62.0 53.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 x  
62.8 49.6 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 x  
63.7 61.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 x  
64.6 57.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 x  
65.4 52.8 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 x  
66.2 47.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 x  
67.1 49.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 x  
67.9 49.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 x  
68.7 71.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 x  
69.5 53.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  x 
70.2 62.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1   

(continued) 
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APPENDIX C. OSTRACODE FAUNA FROM BL00-1 (continued) 
 

Depth 
(m blf) 

Wt 
(g) 

C sp. 1 
(vpg) 

C sp. 2 
(vpg) 

C sp. 3 
(vpg) 

C sp. 4
(vpg) 

C sp. 5
(vpg) 

C sp. 7
(vpg) 

Cyth lac
(vpg) 

Unk sp
(vpg) 

Limno 1 
(vpg) 

Total 
(vpg) 

Juvenile
Limno 

Juvenile
Cyth 

71.1 61.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
71.9 38.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
72.7 60.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
73.5 39.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
74.2 59.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
75.0 79.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
75.8 62.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 x x 
76.5 67.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 x  
77.3 64.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  x 
78.0 72.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
78.8 69.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
79.6 64.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
80.3 64.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
81.1 63.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 x  
81.9 71.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
82.6 75.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  x 
83.4 61.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1   
84.1 59.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
84.9 64.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
85.7 55.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 x x 
86.5 49.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 x  
87.2 61.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  x 
88.0 65.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 x  
88.7 55.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
89.5 56.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
90.3 63.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
91.0 58.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
91.8 57.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
92.6 61.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
93.3 60.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  x 
94.0 69.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  x 
94.7 68.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
95.5 58.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
96.3 66.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
97.0 53.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
97.7 55.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 x  
98.5 74.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  x 
99.3 69.2 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.4   

100.0 47.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
100.8 55.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
101.5 64.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
102.2 66.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 x  
103.0 56.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 x  
103.7 66.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
104.5 49.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
105.3 63.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 x  
106.0 43.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
106.6 60.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
107.4 55.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
108.1 56.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
108.7 64.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  x 
109.7 68.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  x 
110.4 40.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.7 x  
111.2 57.4 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.5 x  
111.9 55.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 x x 
112.7 38.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  x 
113.4 49.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  x 
114.2 46.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
114.9 37.2 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.1   
115.6 37.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
116.3 46.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  x 
117.1 45.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.2   
117.8 31.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
118.6 48.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
119.3 43.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 x  
120.0 56.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
120.6 45.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  x 
   Note: C—Candona; Cyth lac—Cytherissa lacustris; Unk—unknown; vpg—valves per gram of sediment; x—present. Photo documentation  
of endemic species in Bright et al. (2005). 
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APPENDIX D. DIATOM FLORA FROM BL00-1
Benthic Taxa

Sample ID Depth Comments

No. of 
diatoms 
counted

No. of spp. not 
including unid

Simpson 
reciprocal 

index
Achnanthes 
curtissima

Core catcher samples
1E-26E 1.72 498 22 1.0 0.0
1E-27E 4.97 634 45 4.9 0.5
1E-28E 8.02 541 25 1.1 0.0
1E-29E 11.01 no visible diatoms or pieces 1 0 0.0 0.0
1E-30E 14.03 no visible diatoms or pieces 1 0 0.0 0.0
1E-31E 17.04 no visible diatoms or pieces 1 0 0.0 0.0
1E-32E 20.09 372 12 1.3 0.0
1E-33E 23.07 563 19 2.9 0.0
1E-34E 26.10 680 6 1.1 0.0
1E-35E 29.09 619 19 1.5 0.0
1E-36E 32.09 622 25 2.3 0.0
1E-37E 35.09 570 18 1.7 0.5
1E-38E 38.08 few diatoms 1 0 0.0 0.0
1E-39E 41.09 610 33 4.6 0.3
1E-40E 43.90 no visible diatoms or pieces 1 0 0.0 0.0
1E-41E 47.10 558 25 4.2 0.4
1E-42E 50.09 571 29 4.2 0.0
1E-43E 52.99 595 41 5.4 1.0
1E-44E 55.60 536 38 7.1 0.4
1E-45E 58.10 no visible diatoms or pieces 1 0 0.0 0.0
1E-46E 60.60 527 37 3.4 0.4
1E-22E 63.10 dissolution of some cells present, mostly on broken diatoms 417 15 0.8 0.0
1E-23E 65.60 no visible diatoms or pieces 1 0 0.0 0.0
1E-24E 68.10 very small pieces, some dissolution evident 1 0 0.0 0.0
1E-25E 70.61 no visible diatoms or pieces 1 0 0.0 0.0
1E-26E 76.32 very few diatoms, mostly Stephanodiscus and small fragilaroid, some 

dissolution
NA

1E-27E 76.90 no diatoms, no pieces NA
1E-28E 79.43 no diatoms, no pieces NA
1E-29E 81.91 some diatoms, mostly small fragilaroid and Stephanodiscus, lots of cysts NA
1E-30E 84.42 very sparse, mostly small fragilaroid NA
1E-31E 86.42 very few diatoms, mostly Stephanodiscus and small fragilaroid, some 

dissolution
NA

1E-32E 88.43 very sparse, centrics and pennates, mostly broken, some dissolution NA
1E-33E 90.42 abundant diatoms, both centrics and pennates, very diverse NA
1E-34E 92.43 abundant diatoms, both centrics and pennates, very diverse NA
1E-35E 94.43 abundant diatoms, mostly planktonic, dissolution and breakage present  NA
1E-36E 96.43 sparse diatoms NA
1E-37E 98.42 sparse diatoms, mostly small fragilaroid, dissolution present NA
1E-38E 100.43 abundant diatoms and cysts, many Stephanodiscus and Aulacoseira 

(granulata?)
NA

1E-39E 102.20 abundant Stephanodiscus NA
1E-40E 104.50 abundant Stephanodiscus NA
1E-41E 106.00 abundant Stephanodiscus NA
1E-42E 108.10 abundant diatoms, mostly small fragilaroid, few centrics NA
1E-43E 110.40 abundant diatoms, both pennates and centrics, very diverse NA
1E-44E 113.40 abundant diatoms, both Fragilaria and a few centrics NA
1E-45E 114.90 no diatoms, no pieces NA
1E-46E 117.80 abundant diatoms, many big centrics and Aulacoseira NA

Non-core catcher
1H-1 50-54 0.50 many broken pieces, mostly Navicula oblonga, Pinnularia viridis, and 

Cymbella, very few others
0 0 0.0 0.0

2H-1 80-84 2.85 1/2 transect 723 44 4.2 0.3
2H-2 28-30 3.97 1/2 transect 622 38 3.0 0.6
3H-2 50-52 7.15 1/2 transect 683 35 5.4 0.0
4H-1 110-112 9.25 2 transects 645 28 3.7 0.2
5H-1 30-32 11.45 no diatoms, no pieces, no cysts, plenty of sediment 0 0 0.0 0.0
5H-2 80-83 13.50 no diatoms, no pieces, no cysts, plenty of sediment 0 0 0.0 0.0
6H-2 0-3 15.70 no diatoms, no pieces, no cysts, plenty of sediment 0 0 0.0 0.0
7H-1 70-73 19.00 mostly broken Stephanodiscus, very little dissolution visible 0 0 0.0 0.0
16E-2 60-63 44.90 15 transects 577 28 5.8 0.3
18E-1 30-33 50.50 1 transect 754 27 4.1 0.0
18E-2 80-83 52.45 1/2 transect 603 31 2.3 0.0
20E-1 50-53 56.10 1 transect 629 30 4.2 0.0
20E-2 100-103 57.72 4 transects 539 16 1.3 0.0
21E-1 150-153 59.36 3 transects, lots of pieces 615 41 6.7 0.0
21E-2 120-123 60.39 2 transects 614 26 3.9 0.0
22E-1 50-53 61.08 many well-preserved periphytic diatoms, but dissolution of some 

planktic diatoms
0 0 0.0 0.0

22E-2 100-103 62.84 many whole and well-preserved diatoms, including Amphora, Aulacoseira 
and small benthic/tychoplanktic fragilarioid species, but also many 
broken and dissolved large Cymbella and Epithemia diatoms

0 0 0.0 0.0

23E-2 20-23 64.55 no diatoms, no pieces, no cysts, plenty of sediment 0 0 0.0 0.0
24E-1 67-70 66.21 diatoms are rare, no evidence of dissolution 0 0 0.0 0.0
24E-2 120-123 67.92 no diatoms, no pieces, no cysts, plenty of sediment 0 0 0.0 0.0
25E-2 30-33 69.48 no diatoms, no pieces, no cysts, plenty of sediment 0 0 0.0 0.0
26E-2 50-53 71.06 few diatoms observed, some breakage, but no evidence of dissolution 0 0 0.0 0.0
26E-2 100-103 72.72 no dissolution evidenced 802 25 2.7 0.0
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Benthic Taxa

Sample ID Depth
A. 

lanceolata
A. 

saccula
Amphora 
inariensis A. ovalis A. pediculus

Caloneis 
schumanniana

Caloneis sp. 
BL1

Cocconeis 
placentula

C. placentula 
var. lineata

Core catcher samples
1E-26E 1.72 0.2 0.4 1.4 0.4 0.0 0.0 1.4 0.0 0.0
1E-27E 4.97 0.6 1.9 1.4 0.3 5.8 0.0 0.9 0.3 0.3
1E-28E 8.02 0.0 0.0 0.7 6.8 2.0 2.0 0.9 0.0 2.6
1E-29E 11.01 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-30E 14.03 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-31E 17.04 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-32E 20.09 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 2.2
1E-33E 23.07 0.2 1.2 1.8 0.0 0.7 0.0 0.0 0.0 0.5
1E-34E 26.10 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-35E 29.09 0.0 0.3 0.6 0.2 0.0 0.0 0.0 0.0 0.3
1E-36E 32.09 1.3 0.6 1.3 0.0 0.8 0.0 0.0 0.0 1.1
1E-37E 35.09 0.5 0.5 0.5 0.0 0.5 0.0 0.0 0.0 0.7
1E-38E 38.08 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-39E 41.09 0.5 0.5 2.1 0.0 0.8 0.2 0.3 0.2 0.0
1E-40E 43.90 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-41E 47.10 1.1 0.0 0.7 0.0 1.8 0.0 0.0 0.0 0.4
1E-42E 50.09 1.1 0.4 0.4 0.0 1.1 0.0 0.0 0.0 0.0
1E-43E 52.99 0.7 0.8 0.8 0.7 1.2 0.0 0.0 0.2 0.2
1E-44E 55.60 1.1 0.7 2.6 0.9 0.9 0.2 0.0 1.1 0.7
1E-45E 58.10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-46E 60.60 0.4 0.0 1.5 0.0 6.6 0.0 0.4 1.9 0.6
1E-22E 63.10 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0
1E-23E 65.60 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-24E 68.10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-25E 70.61 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-26E 76.32

 
1E-27E 76.90  
1E-28E 79.43  
1E-29E 81.91  
1E-30E 84.42  
1E-31E 86.42  

1E-32E 88.43  
1E-33E 90.42  
1E-34E 92.43  
1E-35E 94.43  
1E-36E 96.43  
1E-37E 98.42  
1E-38E 100.43

 
1E-39E 102.20  
1E-40E 104.50  
1E-41E 106.00  
1E-42E 108.10  
1E-43E 110.40  
1E-44E 113.40  
1E-45E 114.90  
1E-46E 117.80  

 
Non-core catcher

1H-1 50-54 0.50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2H-1 80-84 2.85 0.1 0.4 1.0 1.8 4.1 0.4 1.7 0.0 0.1
2H-2 28-30 3.97 0.2 0.8 0.2 1.0 2.6 0.5 0.3 0.0 0.2
3H-2 50-52 7.15 0.3 0.0 0.1 0.4 1.0 0.3 0.0 0.0 0.0
4H-1 110-112 9.25 0.0 0.2 0.9 0.3 1.2 0.0 0.0 0.0 0.2
5H-1 30-32 11.45 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5H-2 80-83 13.50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6H-2 0-3 15.70 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7H-1 70-73 19.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
16E-2 60-63 44.90 0.0 0.0 0.3 0.2 0.9 0.0 0.0 0.2 0.3
18E-1 30-33 50.50 0.1 0.0 0.0 0.1 0.5 0.0 0.0 0.0 0.0
18E-2 80-83 52.45 0.5 0.3 0.0 0.5 0.3 0.0 0.0 0.0 0.2
20E-1 50-53 56.10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
20E-2 100-103 57.72 0.0 0.0 0.2 0.0 0.6 0.0 0.0 0.0 0.0
21E-1 150-153 59.36 0.2 0.0 1.0 0.0 2.6 0.0 0.0 0.0 2.9
21E-2 120-123 60.39 0.3 0.3 0.7 0.0 0.3 0.0 0.0 0.0 0.3
22E-1 50-53 61.08 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

22E-2 100-103 62.84 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

23E-2 20-23 64.55 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
24E-1 67-70 66.21 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
24E-2 120-123 67.92 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
25E-2 30-33 69.48 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
26E-2 50-53 71.06 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
26E-2 100-103 72.72 0.0 0.1 0.2 0.0 0.0 0.1 0.0 0.2 0.0

              (continued)
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APPENDIX D. DIATOM FLORA FROM BL00-1 (continued)
Benthic Taxa

Sample ID Depth Comments
Cymbella 
mesiana

Diatoma 
tenuis var. 
elongatum

Diploneis 
elliptica

Epithemia 
adnata

Core catcher samples
1E-26E 1.72 0.0 0.0 0.6 0.0
1E-27E 4.97 1.1 1.1 0.6 0.0
1E-28E 8.02 0.0 0.0 2.4 0.0
1E-29E 11.01 no visible diatoms or pieces 0.0 0.0 0.0 0.0
1E-30E 14.03 no visible diatoms or pieces 0.0 0.0 0.0 0.0
1E-31E 17.04 no visible diatoms or pieces 0.0 0.0 0.0 0.0
1E-32E 20.09 0.0 0.0 0.3 0.3
1E-33E 23.07 0.0 0.0 0.0 0.0
1E-34E 26.10 0.0 0.0 0.0 0.0
1E-35E 29.09 0.0 0.0 0.0 0.0
1E-36E 32.09 0.0 0.0 0.0 0.0
1E-37E 35.09 0.0 0.0 0.0 0.0
1E-38E 38.08 few diatoms 0.0 0.0 0.0 0.0
1E-39E 41.09 0.0 0.0 0.0 0.0
1E-40E 43.90 no visible diatoms or pieces 0.0 0.0 0.0 0.0
1E-41E 47.10 0.0 0.0 0.0 0.5
1E-42E 50.09 0.0 0.0 0.0 0.7
1E-43E 52.99 0.0 0.0 0.3 0.3
1E-44E 55.60 0.0 0.0 0.0 0.0
1E-45E 58.10 no visible diatoms or pieces 0.0 0.0 0.0 0.0
1E-46E 60.60 0.0 0.0 0.0 3.4
1E-22E 63.10 dissolution of some cells present, mostly on broken diatoms 0.0 0.0 0.0 0.7
1E-23E 65.60 no visible diatoms or pieces 0.0 0.0 0.0 0.0
1E-24E 68.10 very small pieces, some dissolution evident 0.0 0.0 0.0 0.0
1E-25E 70.61 no visible diatoms or pieces 0.0 0.0 0.0 0.0
1E-26E 76.32 very few diatoms, mostly Stephanodiscus and small fragilaroid, some dis-

solution
1E-27E 76.90 no diatoms, no pieces
1E-28E 79.43 no diatoms, no pieces
1E-29E 81.91 some diatoms, mostly small fragilaroid and Stephanodiscus, lots of cysts
1E-30E 84.42 very sparse, mostly small fragilaroid
1E-31E 86.42 very few diatoms, mostly Stephanodiscus and small fragilaroid, some dis-

solution
1E-32E 88.43 very sparse, centrics and pennates, mostly broken, some dissolution
1E-33E 90.42 abundant diatoms, both centrics and pennates, very diverse
1E-34E 92.43 abundant diatoms, both centrics and pennates, very diverse
1E-35E 94.43 abundant diatoms, mostly planktonic, dissolution and breakage present  
1E-36E 96.43 sparse diatoms
1E-37E 98.42 sparse diatoms, mostly small fragilaroid, dissolution present

1E-38E 100.43
abundant diatoms and cysts, many Stephanodiscus and Aulacoseira (granu-

lata?)
1E-39E 102.20 abundant Stephanodiscus
1E-40E 104.50 abundant Stephanodiscus
1E-41E 106.00 abundant Stephanodiscus
1E-42E 108.10 abundant diatoms, mostly small fragilaroid, few centrics
1E-43E 110.40 abundant diatoms, both pennates and centrics, very diverse
1E-44E 113.40 abundant diatoms, both Fragilaria and a few centrics
1E-45E 114.90 no diatoms, no pieces
1E-46E 117.80 abundant diatoms, many big centrics and Aulacoseira

Non-core catcher
1H-1 50-54 0.50 many broken pieces, mostly Navicula oblonga, Pinnularia viridis, and Cymbella, 

very few others
0.0 0.0 0.0 0.0

2H-1 80-84 2.85 1/2 transect 0.1 0.1 2.8 0.6
2H-2 28-30 3.97 1/2 transect 0.0 0.0 1.8 0.0
3H-2 50-52 7.15 1/2 transect 0.1 0.1 0.0 0.0
4H-1 110-112 9.25 2 transects 0.0 0.0 0.0 0.0
5H-1 30-32 11.45 no diatoms, no pieces, no cysts, plenty of sediment 0.0 0.0 0.0 0.0
5H-2 80-83 13.50 no diatoms, no pieces, no cysts, plenty of sediment 0.0 0.0 0.0 0.0
6H-2 0-3 15.70 no diatoms, no pieces, no cysts, plenty of sediment 0.0 0.0 0.0 0.0
7H-1 70-73 19.00 mostly broken Stephanodiscus, very little dissolution visible 0.0 0.0 0.0 0.0
16E-2 60-63 44.90 15 transects 0.0 0.0 0.0 0.2
18E-1 30-33 50.50 1 transect 0.0 0.0 0.1 0.0
18E-2 80-83 52.45 1/2 transect 0.0 0.0 0.0 0.2
20E-1 50-53 56.10 1 transect 0.0 0.0 0.0 0.0
20E-2 100-103 57.72 4 transects 0.0 0.0 0.0 0.0
21E-1 150-153 59.36 3 transects, lots of pieces 0.0 0.0 0.2 0.7
21E-2 120-123 60.39 2 transects 0.0 0.0 0.0 0.0
22E-1 50-53 61.08 many well-preserved periphytic diatoms, but dissolution of some planktic 

diatoms
0.0 0.0 0.0 0.0

22E-2 100-103 62.84 many whole and well-preserved diatoms, including Amphora, Aulacoseira 
and small benthic/tychoplanktic fragilarioid species, but also many broken 
and dissolved large Cymbella and Epithemia diatoms

0.0 0.0 0.0 0.0

23E-2 20-23 64.55 no diatoms, no pieces, no cysts, plenty of sediment 0.0 0.0 0.0 0.0
24E-1 67-70 66.21 diatoms are rare, no evidence of dissolution 0.0 0.0 0.0 0.0
24E-2 120-123 67.92 no diatoms, no pieces, no cysts, plenty of sediment 0.0 0.0 0.0 0.0
25E-2 30-33 69.48 no diatoms, no pieces, no cysts, plenty of sediment 0.0 0.0 0.0 0.0
26E-2 50-53 71.06 few diatoms observed, some breakage, but no evidence of dissolution 0.0 0.0 0.0 0.0
26E-2 100-103 72.72 no dissolution evidenced 0.0 0.0 0.2 0.0
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Benthic Taxa

Sample ID Depth
E. 

frickeii

Pseudostaurosira 
brevistriata 

total
P. 

brevistriata

P. 
brevistriata 
(rhombic)

P. 
brevistriata 

(oval)
Ulnaria 
biceps

Fragilariforma 
constricta

Staurosira
construens

S. 
construens 
var. venter

Core catcher samples
1E-26E 1.72 0.2 83.1 45.0 33.5 4.6 0.0 0.0 0.0 0.0
1E-27E 4.97 0.0 33.1 12.1 14.4 6.6 0.0 0.0 0.5 0.0
1E-28E 8.02 2.8 63.4 54.5 7.9 0.9 0.0 0.6 0.0 0.0
1E-29E 11.01 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-30E 14.03 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-31E 17.04 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-32E 20.09 0.5 2.4 2.4 0.0 0.0 0.0 0.0 0.0 0.8
1E-33E 23.07 0.0 17.4 16.0 0.5 0.9 0.0 0.5 0.7 0.4
1E-34E 26.10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-35E 29.09 0.0 6.6 2.3 3.7 0.6 0.0 0.0 0.6 0.2
1E-36E 32.09 0.0 13.2 8.4 4.0 0.8 0.0 0.2 1.8 0.6
1E-37E 35.09 0.0 0.9 0.9 0.0 0.0 0.0 0.0 0.2 0.0
1E-38E 38.08 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-39E 41.09 0.0 27.7 12.8 12.3 2.6 0.0 0.5 4.6 3.8
1E-40E 43.90 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-41E 47.10 0.0 26.9 15.1 9.5 2.3 0.7 0.4 0.0 2.9
1E-42E 50.09 0.0 32.6 17.2 14.5 0.9 5.6 0.4 1.8 8.1
1E-43E 52.99 0.0 18.3 5.9 7.9 4.5 0.5 0.5 2.0 1.0
1E-44E 55.60 0.0 22.6 7.1 12.9 2.6 9.1 0.0 1.5 1.9
1E-45E 58.10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-46E 60.60 0.0 43.8 17.5 20.9 5.5 0.9 0.9 2.7 1.9
1E-22E 63.10 1.7 91.6 54.7 31.4 5.5 0.0 0.0 0.0 0.0
1E-23E 65.60 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-24E 68.10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-25E 70.61 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-26E 76.32  

1E-27E 76.90  
1E-28E 79.43  
1E-29E 81.91  
1E-30E 84.42  
1E-31E 86.42  

1E-32E 88.43  
1E-33E 90.42  
1E-34E 92.43  
1E-35E 94.43  
1E-36E 96.43  
1E-37E 98.42  

1E-38E 100.43  
1E-39E 102.20  
1E-40E 104.50  
1E-41E 106.00  
1E-42E 108.10  
1E-43E 110.40  
1E-44E 113.40  
1E-45E 114.90  
1E-46E 117.80  

 
Non-core catcher

1H-1 50-54 0.50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2H-1 80-84 2.85 0.0 36.4 21.0 8.7 6.6 0.0 0.1 0.0 0.0
2H-2 28-30 3.97 0.0 44.7 22.2 12.5 10.0 0.0 0.0 0.3 0.0
3H-2 50-52 7.15 0.0 20.8 3.7 8.8 8.3 0.0 0.0 1.0 1.8
4H-1 110-112 9.25 0.0 28.2 14.9 10.9 2.5 0.0 0.0 1.7 2.2
5H-1 30-32 11.45 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5H-2 80-83 13.50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6H-2 0-3 15.70 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7H-1 70-73 19.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
16E-2 60-63 44.90 0.0 18.9 5.9 10.4 2.6 0.2 0.7 0.9 3.1
18E-1 30-33 50.50 0.0 34.1 16.8 11.7 5.6 0.5 2.1 3.2 2.0
18E-2 80-83 52.45 0.0 51.9 30.7 16.3 5.0 0.7 0.0 3.2 1.5
20E-1 50-53 56.10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
20E-2 100-103 57.72 0.0 2.8 0.2 2.0 0.6 0.0 0.0 0.0 0.0
21E-1 150-153 59.36 0.2 26.8 8.6 13.7 4.6 3.1 0.7 0.2 0.7
21E-2 120-123 60.39 0.0 35.5 14.0 10.9 10.6 0.0 1.8 4.1 6.7
22E-1 50-53 61.08 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

22E-2 100-103 62.84 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

23E-2 20-23 64.55 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
24E-1 67-70 66.21 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
24E-2 120-123 67.92 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
25E-2 30-33 69.48 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
26E-2 50-53 71.06 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
26E-2 100-103 72.72 0.4 15.0 7.2 5.4 2.4 0.0 0.0 0.7 2.2

(continued)
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APPENDIX D. DIATOM FLORA FROM BL00-1 (continued)
Benthic Taxa

Sample ID Depth Comments
Staurosirella 
leptostauron

S. 
pinnata

S. pinnata var. 
accuminata

Fragilaria 
tenera

Core catcher samples
1E-26E 1.72 0.0 4.0 0.6 0.0
1E-27E 4.97 0.0 19.2 1.9 0.9
1E-28E 8.02 0.0 0.6 0.0 0.0
1E-29E 11.01 no visible diatoms or pieces 0.0 0.0 0.0 0.0
1E-30E 14.03 no visible diatoms or pieces 0.0 0.0 0.0 0.0
1E-31E 17.04 no visible diatoms or pieces 0.0 0.0 0.0 0.0
1E-32E 20.09 0.0 1.3 1.1 0.0
1E-33E 23.07 0.0 28.8 0.9 0.0
1E-34E 26.10 0.0 0.0 0.0 0.0
1E-35E 29.09 0.0 4.0 0.6 0.0
1E-36E 32.09 0.0 5.5 0.3 0.0
1E-37E 35.09 0.0 0.4 1.1 0.0
1E-38E 38.08 few diatoms 0.0 0.0 0.0 0.0
1E-39E 41.09 0.0 18.0 1.6 0.0
1E-40E 43.90 no visible diatoms or pieces 0.0 0.0 0.0 0.0
1E-41E 47.10 0.0 31.7 3.0 0.0
1E-42E 50.09 0.0 10.9 2.1 0.0
1E-43E 52.99 0.2 33.9 1.5 0.0
1E-44E 55.60 0.0 12.1 0.7 0.0
1E-45E 58.10 no visible diatoms or pieces 0.0 0.0 0.0 0.0
1E-46E 60.60 0.0 12.1 1.1 1.3
1E-22E 63.10 dissolution of some cells present, mostly on broken diatoms 0.0 2.9 0.2 0.0
1E-23E 65.60 no visible diatoms or pieces 0.0 0.0 0.0 0.0
1E-24E 68.10 very small pieces, some dissolution evident 0.0 0.0 0.0 0.0
1E-25E 70.61 no visible diatoms or pieces 0.0 0.0 0.0 0.0
1E-26E 76.32 very few diatoms, mostly Stephanodiscus and small fragilaroid, some 

dissolution
1E-27E 76.90 no diatoms, no pieces
1E-28E 79.43 no diatoms, no pieces
1E-29E 81.91 some diatoms, mostly small fragilaroid and Stephanodiscus, lots of cysts
1E-30E 84.42 very sparse, mostly small fragilaroid
1E-31E 86.42 very few diatoms, mostly Stephanodiscus and small fragilaroid, some 

dissolution
1E-32E 88.43 very sparse, centrics and pennates, mostly broken, some dissolution
1E-33E 90.42 abundant diatoms, both centrics and pennates, very diverse
1E-34E 92.43 abundant diatoms, both centrics and pennates, very diverse
1E-35E 94.43 abundant diatoms, mostly planktonic, dissolution and breakage present  
1E-36E 96.43 sparse diatoms
1E-37E 98.42 sparse diatoms, mostly small fragilaroid, dissolution present
1E-38E 100.43 abundant diatoms and cysts, many Stephanodiscus and Aulacoseira 

(granulata?)
1E-39E 102.20 abundant Stephanodiscus
1E-40E 104.50 abundant Stephanodiscus
1E-41E 106.00 abundant Stephanodiscus
1E-42E 108.10 abundant diatoms, mostly small fragilaroid, few centrics
1E-43E 110.40 abundant diatoms, both pennates and centrics, very diverse
1E-44E 113.40 abundant diatoms, both Fragilaria and a few centrics
1E-45E 114.90 no diatoms, no pieces
1E-46E 117.80 abundant diatoms, many big centrics and Aulacoseira

Non-core catcher
1H-1 50-54 0.50 many broken pieces, mostly Navicula oblonga, Pinnularia viridis, and 

Cymbella, very few others
0.0 0.0 0.0 0.0

2H-1 80-84 2.85 1/2 transect 1.2 18.1 1.2 0.0
2H-2 28-30 3.97 1/2 transect 1.4 22.5 1.3 0.0
3H-2 50-52 7.15 1/2 transect 0.0 31.9 1.0 0.1
4H-1 110-112 9.25 2 transects 0.3 15.8 0.3 0.0
5H-1 30-32 11.45 no diatoms, no pieces, no cysts, plenty of sediment 0.0 0.0 0.0 0.0
5H-2 80-83 13.50 no diatoms, no pieces, no cysts, plenty of sediment 0.0 0.0 0.0 0.0
6H-2 0-3 15.70 no diatoms, no pieces, no cysts, plenty of sediment 0.0 0.0 0.0 0.0
7H-1 70-73 19.00 mostly broken Stephanodiscus, very little dissolution visible 0.0 0.0 0.0 0.0
16E-2 60-63 44.90 15 transects 0.2 28.1 1.0 0.0
18E-1 30-33 50.50 1 transect 0.0 25.2 1.2 0.0
18E-2 80-83 52.45 1/2 transect 0.3 8.8 2.2 0.0
20E-1 50-53 56.10 1 transect 0.0 0.0 0.0 0.0
20E-2 100-103 57.72 4 transects 0.0 1.1 0.9 0.4
21E-1 150-153 59.36 3 transects, lots of pieces 0.0 6.5 1.0 0.0
21E-2 120-123 60.39 2 transects 0.0 20.8 3.9 0.0
22E-1 50-53 61.08 many well-preserved periphytic diatoms, but dissolution of some planktic 

diatoms
0.0 0.0 0.0 0.0

22E-2 100-103 62.84 many whole and well-preserved diatoms, including Amphora, Aulacoseira 
and small benthic/tychoplanktic fragilarioid species, but also many 
broken and dissolved large Cymbella and Epithemia diatoms

0.0 0.0 0.0 0.0

23E-2 20-23 64.55 no diatoms, no pieces, no cysts, plenty of sediment 0.0 0.0 0.0 0.0
24E-1 67-70 66.21 diatoms are rare, no evidence of dissolution 0.0 0.0 0.0 0.0
24E-2 120-123 67.92 no diatoms, no pieces, no cysts, plenty of sediment 0.0 0.0 0.0 0.0
25E-2 30-33 69.48 no diatoms, no pieces, no cysts, plenty of sediment 0.0 0.0 0.0 0.0
26E-2 50-53 71.06 few diatoms observed, some breakage, but no evidence of dissolution 0.0 0.0 0.0 0.0
26E-2 100-103 72.72 no dissolution evidenced 0.0 5.5 1.2 0.0
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Benthic Taxa

Sample ID Depth F. ulna
F. 

virescens
Navicula capitata 

var. lueneburgensis
N. 

cryptocephela
N. 

cryptotenella
N. 

oblonga
N. 

pupula
N. 

rhyncocephela
N. 

tuscula
Core catcher samples

1E-26E 1.72 0.0 0.0 0.2 0.0 0.0 0.2 0.0 1.6 0.0
1E-27E 4.97 0.0 0.0 2.8 0.0 1.1 0.0 0.0 4.1 0.6
1E-28E 8.02 0.0 0.0 0.0 0.0 0.0 4.1 0.0 0.0 0.0
1E-29E 11.01 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-30E 14.03 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-31E 17.04 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-32E 20.09 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-33E 23.07 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.2
1E-34E 26.10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-35E 29.09 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.2
1E-36E 32.09 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0
1E-37E 35.09 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0
1E-38E 38.08 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-39E 41.09 0.0 0.0 0.3 0.0 0.2 0.0 0.2 0.7 0.3
1E-40E 43.90 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-41E 47.10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4
1E-42E 50.09 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.5
1E-43E 52.99 0.0 0.0 0.8 0.0 0.0 0.0 0.2 0.7 0.7
1E-44E 55.60 1.9 0.0 1.1 0.0 0.0 0.0 0.2 0.7 0.7
1E-45E 58.10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-46E 60.60 0.2 0.0 0.0 0.0 0.6 0.0 0.4 0.2 0.0
1E-22E 63.10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0
1E-23E 65.60 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-24E 68.10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-25E 70.61 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-26E 76.32  

1E-27E 76.90  
1E-28E 79.43  
1E-29E 81.91  
1E-30E 84.42  
1E-31E 86.42  

1E-32E 88.43  
1E-33E 90.42  
1E-34E 92.43  
1E-35E 94.43  
1E-36E 96.43  
1E-37E 98.42  
1E-38E 100.43  

1E-39E 102.20  
1E-40E 104.50  
1E-41E 106.00  
1E-42E 108.10  
1E-43E 110.40  
1E-44E 113.40  
1E-45E 114.90  
1E-46E 117.80  

 
Non-core catcher

1H-1 50-54 0.50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2H-1 80-84 2.85 0.0 0.1 2.1 0.4 0.0 0.0 1.2 1.1 1.1
2H-2 28-30 3.97 0.0 1.6 1.8 2.1 0.0 0.2 0.0 2.4 0.8
3H-2 50-52 7.15 0.0 1.2 1.9 0.0 0.0 0.0 0.0 0.1 0.3
4H-1 110-112 9.25 0.0 0.0 0.3 0.0 0.0 0.0 0.3 0.0 0.0
5H-1 30-32 11.45 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5H-2 80-83 13.50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6H-2 0-3 15.70 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7H-1 70-73 19.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
16E-2 60-63 44.90 3.3 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0
18E-1 30-33 50.50 0.0 0.3 0.0 0.0 0.0 0.0 0.1 0.0 0.0
18E-2 80-83 52.45 0.0 0.2 0.3 0.0 0.0 0.0 0.2 0.0 0.0
20E-1 50-53 56.10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
20E-2 100-103 57.72 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0
21E-1 150-153 59.36 0.0 0.0 0.0 0.0 0.0 0.2 0.2 0.3 0.2
21E-2 120-123 60.39 0.0 1.1 0.2 0.0 0.0 0.0 0.2 0.0 0.0
22E-1 50-53 61.08 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

22E-2 100-103 62.84 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

23E-2 20-23 64.55 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
24E-1 67-70 66.21 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
24E-2 120-123 67.92 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
25E-2 30-33 69.48 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
26E-2 50-53 71.06 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
26E-2 100-103 72.72 0.0 0.7 0.0 0.0 0.0 0.0 0.2 0.0 0.0

              (continued)
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APPENDIX D. DIATOM FLORA FROM BL00-1 (continued)
Benthic Taxa

Sample ID Depth Comments
Nitzschia 
fonticola

N. 
unid

Pinnularia 
viridis

Rhopalodia 
gibba

Surirella 
angusta

Core catcher samples
1E-26E 1.72 0.8 0.2 0.4 0.0 0.0
1E-27E 4.97 0.5 1.1 0.3 0.0 0.0
1E-28E 8.02 0.0 0.7 1.7 0.0 0.0
1E-29E 11.01 no visible diatoms or pieces 0.0 0.0 0.0 0.0 0.0
1E-30E 14.03 no visible diatoms or pieces 0.0 0.0 0.0 0.0 0.0
1E-31E 17.04 no visible diatoms or pieces 0.0 0.0 0.0 0.0 0.0
1E-32E 20.09 0.0 0.0 0.0 0.0 0.0
1E-33E 23.07 0.0 0.2 0.0 0.0 0.0
1E-34E 26.10 0.0 0.0 0.0 0.0 0.0
1E-35E 29.09 0.0 0.0 0.0 0.0 0.2
1E-36E 32.09 0.0 0.0 0.0 0.0 0.2
1E-37E 35.09 0.0 0.7 0.0 0.0 0.0
1E-38E 38.08 few diatoms 0.0 0.0 0.0 0.0 0.0
1E-39E 41.09 0.3 0.0 0.0 0.0 0.5
1E-40E 43.90 no visible diatoms or pieces 0.0 0.0 0.0 0.0 0.0
1E-41E 47.10 1.1 0.4 0.0 0.0 0.2
1E-42E 50.09 0.0 0.0 0.0 0.0 0.7
1E-43E 52.99 0.5 0.3 0.0 0.0 0.0
1E-44E 55.60 1.1 0.0 0.0 0.0 0.0
1E-45E 58.10 no visible diatoms or pieces 0.0 0.0 0.0 0.0 0.0
1E-46E 60.60 0.4 0.6 0.0 2.5 0.0
1E-22E 63.10 dissolution of some cells present, mostly on broken diatoms 0.2 0.0 0.0 0.0 0.0
1E-23E 65.60 no visible diatoms or pieces 0.0 0.0 0.0 0.0 0.0
1E-24E 68.10 very small pieces, some dissolution evident 0.0 0.0 0.0 0.0 0.0
1E-25E 70.61 no visible diatoms or pieces 0.0 0.0 0.0 0.0 0.0
1E-26E 76.32 very few diatoms, mostly Stephanodiscus and small fragilaroid, some 

dissolution
1E-27E 76.90 no diatoms, no pieces
1E-28E 79.43 no diatoms, no pieces
1E-29E 81.91 some diatoms, mostly small fragilaroid and Stephanodiscus, lots of cysts
1E-30E 84.42 very sparse, mostly small fragilaroid
1E-31E 86.42 very few diatoms, mostly Stephanodiscus and small fragilaroid, some 

dissolution
1E-32E 88.43 very sparse, centrics and pennates, mostly broken, some dissolution
1E-33E 90.42 abundant diatoms, both centrics and pennates, very diverse
1E-34E 92.43 abundant diatoms, both centrics and pennates, very diverse
1E-35E 94.43 abundant diatoms, mostly planktonic, dissolution and breakage present  
1E-36E 96.43 sparse diatoms
1E-37E 98.42 sparse diatoms, mostly small fragilaroid, dissolution present
1E-38E 100.43 abundant diatoms and cysts, many Stephanodiscus and Aulacoseira 

(granulata?)
1E-39E 102.20 abundant Stephanodiscus
1E-40E 104.50 abundant Stephanodiscus
1E-41E 106.00 abundant Stephanodiscus
1E-42E 108.10 abundant diatoms, mostly small fragilaroid, few centrics
1E-43E 110.40 abundant diatoms, both pennates and centrics, very diverse
1E-44E 113.40 abundant diatoms, both Fragilaria and a few centrics
1E-45E 114.90 no diatoms, no pieces
1E-46E 117.80 abundant diatoms, many big centrics and Aulacoseira

Non-core catcher
1H-1 50-54 0.50 many broken pieces, mostly Navicula oblonga, Pinnularia viridis, and 

Cymbella, very few others
0.0 0.0 0.0 0.0 0.0

2H-1 80-84 2.85 1/2 transect 2.1 0.4 0.0 0.0 0.0
2H-2 28-30 3.97 1/2 transect 1.0 0.3 0.0 0.0 0.0
3H-2 50-52 7.15 1/2 transect 0.0 0.0 0.0 0.0 0.0
4H-1 110-112 9.25 2 transects 0.3 0.0 0.0 0.3 0.0
5H-1 30-32 11.45 no diatoms, no pieces, no cysts, plenty of sediment 0.0 0.0 0.0 0.0 0.0
5H-2 80-83 13.50 no diatoms, no pieces, no cysts, plenty of sediment 0.0 0.0 0.0 0.0 0.0
6H-2 0-3 15.70 no diatoms, no pieces, no cysts, plenty of sediment 0.0 0.0 0.0 0.0 0.0
7H-1 70-73 19.00 mostly broken Stephanodiscus, very little dissolution visible 0.0 0.0 0.0 0.0 0.0
16E-2 60-63 44.90 15 transects 0.0 0.0 0.0 0.0 0.0
18E-1 30-33 50.50 1 transect 0.1 0.0 0.0 0.0 0.0
18E-2 80-83 52.45 1/2 transect 0.3 0.0 0.0 0.0 0.0
20E-1 50-53 56.10 1 transect 0.0 0.0 0.0 0.0 0.0
20E-2 100-103 57.72 4 transects 0.0 0.0 0.0 0.0 0.2
21E-1 150-153 59.36 3 transects, lots of pieces 0.2 0.0 0.0 0.0 1.0
21E-2 120-123 60.39 2 transects 0.0 0.0 0.0 0.0 0.0
22E-1 50-53 61.08 many well-preserved periphytic diatoms, but dissolution of some 

planktic diatoms
0.0 0.0 0.0 0.0 0.0

22E-2 100-103 62.84 many whole and well-preserved diatoms, including Amphora, Aulaco-
seira and small benthic/tychoplanktic fragilarioid species, but also 
many broken and dissolved large Cymbella and Epithemia diatoms

0.0 0.0 0.0 0.0 0.0

23E-2 20-23 64.55 no diatoms, no pieces, no cysts, plenty of sediment 0.0 0.0 0.0 0.0 0.0
24E-1 67-70 66.21 diatoms are rare, no evidence of dissolution 0.0 0.0 0.0 0.0 0.0
24E-2 120-123 67.92 no diatoms, no pieces, no cysts, plenty of sediment 0.0 0.0 0.0 0.0 0.0
25E-2 30-33 69.48 no diatoms, no pieces, no cysts, plenty of sediment 0.0 0.0 0.0 0.0 0.0
26E-2 50-53 71.06 few diatoms observed, some breakage, but no evidence of dissolu-

tion
0.0 0.0 0.0 0.0 0.0

26E-2 100-103 72.72 no dissolution evidenced 0.0 0.0 0.0 0.0 0.0
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Planktic Taxa

Sample ID Depth
Aulacoseira 
granulata A. islandica

Cyclotella 
bodanica

C. 
glabriuscula

C. 
meneghiniana

C. 
michiganiana

C. 
ocellata

C. 
planktonica

Core catcher samples
1E-26E 1.72 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-27E 4.97 0.0 0.0 0.0 0.0 9.9 1.6 0.0 0.0
1E-28E 8.02 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0
1E-29E 11.01 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-30E 14.03 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-31E 17.04 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-32E 20.09 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-33E 23.07 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-34E 26.10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-35E 29.09 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0
1E-36E 32.09 0.0 0.0 0.2 0.0 0.2 0.0 2.4 0.0
1E-37E 35.09 0.0 0.0 0.4 0.0 1.1 0.0 0.0 0.0
1E-38E 38.08 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-39E 41.09 0.0 0.0 0.8 0.0 2.3 0.0 3.9 0.0
1E-40E 43.90 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-41E 47.10 0.0 0.0 0.9 0.0 3.0 0.0 2.5 0.0
1E-42E 50.09 24.3 1.9 0.0 0.0 0.7 0.0 0.2 0.0
1E-43E 52.99 4.7 0.0 0.0 2.4 1.5 0.0 0.0 0.0
1E-44E 55.60 0.0 0.0 0.0 0.0 5.2 0.0 2.2 0.0
1E-45E 58.10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-46E 60.60 0.0 0.0 4.9 0.0 0.2 0.0 0.0 0.0
1E-22E 63.10 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0
1E-23E 65.60 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-24E 68.10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-25E 70.61 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-26E 76.32  

1E-27E 76.90  
1E-28E 79.43  
1E-29E 81.91  
1E-30E 84.42  
1E-31E 86.42  

1E-32E 88.43  
1E-33E 90.42  
1E-34E 92.43  
1E-35E 94.43  
1E-36E 96.43  
1E-37E 98.42  
1E-38E 100.43  

1E-39E 102.20  
1E-40E 104.50  
1E-41E 106.00  
1E-42E 108.10  
1E-43E 110.40  
1E-44E 113.40  
1E-45E 114.90  
1E-46E 117.80  

 
Non-core catcher

1H-1 50-54 0.50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2H-1 80-84 2.85 0.0 0.0 0.0 0.0 9.4 0.7 0.0 0.0
2H-2 28-30 3.97 0.0 0.0 0.0 0.0 6.6 0.6 0.0 0.0
3H-2 50-52 7.15 0.0 0.0 0.0 0.0 8.1 0.0 1.6 0.3
4H-1 110-112 9.25 0.0 0.0 0.0 0.0 0.5 0.0 0.8 0.0
5H-1 30-32 11.45 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5H-2 80-83 13.50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6H-2 0-3 15.70 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7H-1 70-73 19.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
16E-2 60-63 44.90 0.0 0.0 1.9 0.0 2.4 0.0 0.0 0.0
18E-1 30-33 50.50 8.2 0.7 0.0 0.0 0.3 0.1 0.0 0.0
18E-2 80-83 52.45 19.1 1.0 0.2 0.0 0.3 0.0 0.0 0.0
20E-1 50-53 56.10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
20E-2 100-103 57.72 0.0 87.8 0.0 0.0 0.4 0.0 0.0 2.0
21E-1 150-153 59.36 0.0 15.6 1.8 0.0 1.1 0.0 0.0 5.4
21E-2 120-123 60.39 0.0 0.0 0.7 0.0 0.5 0.2 0.0 0.0
22E-1 50-53 61.08 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

22E-2 100-103 62.84 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

23E-2 20-23 64.55 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
24E-1 67-70 66.21 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
24E-2 120-123 67.92 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
25E-2 30-33 69.48 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
26E-2 50-53 71.06 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

26E-2 100-103 72.72 0.0 0.0 1.9 0.0 0.7 0.2 0.1 0.0
(continued)
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APPENDIX D. DIATOM FLORA FROM BL00-1 (continued)
Planktic Taxa

Sample ID Depth Comments
Cyclotella 

rossii
C. 

unid
Stephanodiscus 

hantzschii
Core catcher samples

1E-26E 1.72 0.0 0.0 0.0
1E-27E 4.97 0.0 0.5 0.0
1E-28E 8.02 0.0 0.0 0.0
1E-29E 11.01 no visible diatoms or pieces 0.0 0.0 0.0
1E-30E 14.03 no visible diatoms or pieces 0.0 0.0 0.0
1E-31E 17.04 no visible diatoms or pieces 0.0 0.0 0.0
1E-32E 20.09 0.0 0.0 0.0
1E-33E 23.07 0.0 0.0 0.0
1E-34E 26.10 0.0 0.0 0.0
1E-35E 29.09 2.3 0.0 0.0
1E-36E 32.09 4.8 0.0 0.0
1E-37E 35.09 0.0 0.2 5.1
1E-38E 38.08 few diatoms 0.0 0.0 0.0
1E-39E 41.09 0.3 0.0 0.0
1E-40E 43.90 no visible diatoms or pieces 0.0 0.0 0.0
1E-41E 47.10 0.0 0.0 0.0
1E-42E 50.09 0.0 0.0 3.5
1E-43E 52.99 0.0 0.0 2.5
1E-44E 55.60 0.6 4.1 0.0
1E-45E 58.10 no visible diatoms or pieces 0.0 0.0 0.0
1E-46E 60.60 0.0 0.0 0.0
1E-22E 63.10 dissolution of some cells present, mostly on broken diatoms 0.0 0.5 0.0
1E-23E 65.60 no visible diatoms or pieces 0.0 0.0 0.0
1E-24E 68.10 very small pieces, some dissolution evident 0.0 0.0 0.0
1E-25E 70.61 no visible diatoms or pieces 0.0 0.0 0.0
1E-26E 76.32 very few diatoms, mostly Stephanodiscus and small fragilaroid, some dissolution
1E-27E 76.90 no diatoms, no pieces
1E-28E 79.43 no diatoms, no pieces
1E-29E 81.91 some diatoms, mostly small fragilaroid and Stephanodiscus, lots of cysts
1E-30E 84.42 very sparse, mostly small fragilaroid
1E-31E 86.42 very few diatoms, mostly Stephanodiscus and small fragilaroid, some dissolution
1E-32E 88.43 very sparse, centrics and pennates, mostly broken, some dissolution
1E-33E 90.42 abundant diatoms, both centrics and pennates, very diverse
1E-34E 92.43 abundant diatoms, both centrics and pennates, very diverse
1E-35E 94.43 abundant diatoms, mostly planktonic, dissolution and breakage present  
1E-36E 96.43 sparse diatoms
1E-37E 98.42 sparse diatoms, mostly small fragilaroid, dissolution present
1E-38E 100.43 abundant diatoms and cysts, many Stephanodiscus and Aulacoseira (granulata?)
1E-39E 102.20 abundant Stephanodiscus
1E-40E 104.50 abundant Stephanodiscus
1E-41E 106.00 abundant Stephanodiscus
1E-42E 108.10 abundant diatoms, mostly small fragilaroid, few centrics
1E-43E 110.40 abundant diatoms, both pennates and centrics, very diverse
1E-44E 113.40 abundant diatoms, both Fragilaria and a few centrics
1E-45E 114.90 no diatoms, no pieces
1E-46E 117.80 abundant diatoms, many big centrics and Aulacoseira

Non-core catcher
1H-1 50-54 0.50 many broken pieces, mostly Navicula oblonga, Pinnularia viridis, and Cymbella, 

very few others
0.0 0.0

2H-1 80-84 2.85 1/2 transect 0.0 0.1
2H-2 28-30 3.97 1/2 transect 0.0 0.0
3H-2 50-52 7.15 1/2 transect 0.0 0.1
4H-1 110-112 9.25 2 transects 0.0 2.0
5H-1 30-32 11.45 no diatoms, no pieces, no cysts, plenty of sediment 0.0 0.0
5H-2 80-83 13.50 no diatoms, no pieces, no cysts, plenty of sediment 0.0 0.0
6H-2 0-3 15.70 no diatoms, no pieces, no cysts, plenty of sediment 0.0 0.0
7H-1 70-73 19.00 mostly broken Stephanodiscus, very little dissolution visible 0.0 0.0
16E-2 60-63 44.90 15 transects 0.0 14.7
18E-1 30-33 50.50 1 transect 0.0 9.3
18E-2 80-83 52.45 1/2 transect 0.0 2.2
20E-1 50-53 56.10 1 transect 0.0 0.0
20E-2 100-103 57.72 4 transects 0.0 0.4
21E-1 150-153 59.36 3 transects, lots of pieces 0.0 3.4
21E-2 120-123 60.39 2 transects 0.0 0.0
22E-1 50-53 61.08 many well-preserved periphytic diatoms, but dissolution of some planktic diatoms 0.0 0.0
22E-2 100-103 62.84 many whole and well-preserved diatoms, including Amphora, Aulacoseira and 

small benthic/tychoplanktic fragilarioid species, but also many broken and dis-
solved large Cymbella and Epithemia diatoms

0.0 0.0

23E-2 20-23 64.55 no diatoms, no pieces, no cysts, plenty of sediment 0.0 0.0
24E-1 67-70 66.21 diatoms are rare, no evidence of dissolution 0.0 0.0
24E-2 120-123 67.92 no diatoms, no pieces, no cysts, plenty of sediment 0.0 0.0
25E-2 30-33 69.48 no diatoms, no pieces, no cysts, plenty of sediment 0.0 0.0
26E-2 50-53 71.06 few diatoms observed, some breakage, but no evidence of dissolution 0.0 0.0
26E-2 100-103 72.72 no dissolution evidenced 0.0 0.4
   Note: Species are divided into benthic and planktic species. Only taxa that occurred in at least 1 sample in amounts ≥1% are included.
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Planktic Taxa

Sample ID Depth
S.

 medius
S. 

minutulus
S. 

niagarae
S. 

neoastraea
S. sp. 
BL1

S. 
unid

Unid 
pennates

Unid 
centrics

% 
Planktonics

Core catcher samples
1E-26E 1.72 0.0 0.0 0.0 0.0 0.0 0.0 2.2 0.0 0.0
1E-27E 4.97 0.0 0.6 0.0 0.0 0.0 0.0 0.9 0.0 12.6
1E-28E 8.02 1.8 0.0 0.0 0.0 0.0 0.0 2.8 0.4 2.6
1E-29E 11.01 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-30E 14.03 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-31E 17.04 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-32E 20.09 89.0 0.5 0.0 0.0 0.0 0.0 1.1 0.0 89.5
1E-33E 23.07 40.1 0.0 3.6 0.0 0.0 0.0 2.1 0.4 44.0
1E-34E 26.10 95.7 2.8 0.1 0.0 0.0 0.0 0.4 0.4 99.1
1E-35E 29.09 81.6 1.0 0.2 0.0 0.0 0.0 0.5 0.0 85.1
1E-36E 32.09 62.7 0.0 0.3 0.0 0.0 0.0 1.6 0.0 70.6
1E-37E 35.09 75.6 8.2 0.0 0.0 0.0 1.2 1.1 0.0 91.8
1E-38E 38.08 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-39E 41.09 26.2 0.7 0.0 0.0 0.0 0.0 1.3 0.0 34.3
1E-40E 43.90 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-41E 47.10 16.7 2.9 0.0 0.0 0.0 0.0 1.3 0.0 26.0
1E-42E 50.09 1.4 0.5 0.0 0.0 0.0 0.0 0.0 0.0 32.6
1E-43E 52.99 13.8 2.5 0.0 0.0 0.0 0.0 2.0 0.0 27.4
1E-44E 55.60 19.2 1.3 0.0 0.0 0.0 0.0 1.7 0.0 32.6
1E-45E 58.10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-46E 60.60 0.0 0.0 0.0 0.0 0.0 0.0 4.0 0.4 6.1
1E-22E 63.10 0.2 0.0 0.0 0.0 0.0 0.0 0.5 0.0 1.0
1E-23E 65.60 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-24E 68.10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-25E 70.61 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1E-26E 76.32
1E-27E 76.90
1E-28E 79.43
1E-29E 81.91
1E-30E 84.42
1E-31E 86.42
1E-32E 88.43
1E-33E 90.42
1E-34E 92.43
1E-35E 94.43
1E-36E 96.43
1E-37E 98.42
1E-38E 100.43
1E-39E 102.20
1E-40E 104.50
1E-41E 106.00
1E-42E 108.10
1E-43E 110.40
1E-44E 113.40
1E-45E 114.90
1E-46E 117.80

Non-core catcher
1H-1 50-54 0.50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2H-1 80-84 2.85 4.1 0.1 0.0 0.0 0.0 0.0 1.2 0.8 15.4
2H-2 28-30 3.97 0.0 0.0 0.0 0.0 0.0 0.0 1.3 0.0 7.2
3H-2 50-52 7.15 12.7 2.9 0.0 0.1 0.0 0.0 0.9 1.0 27.1
4H-1 110-112 9.25 35.8 0.0 0.0 1.4 0.0 0.0 1.4 0.2 40.6
5H-1 30-32 11.45 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5H-2 80-83 13.50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6H-2 0-3 15.70 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7H-1 70-73 19.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
16E-2 60-63 44.90 13.3 2.4 0.2 1.7 0.0 0.0 1.6 0.5 37.3
18E-1 30-33 50.50 6.0 1.6 0.0 0.1 0.1 0.0 0.4 0.4 26.9
18E-2 80-83 52.45 2.3 0.0 0.0 0.0 0.0 0.0 1.8 0.2 25.2
20E-1 50-53 56.10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.3
20E-2 100-103 57.72 1.3 0.2 0.0 0.0 0.0 0.0 0.4 0.2 92.2
21E-1 150-153 59.36 8.8 0.0 0.3 0.0 1.6 0.0 2.9 1.8 39.8
21E-2 120-123 60.39 19.1 0.7 0.0 0.0 0.0 0.0 1.1 0.3 21.3
22E-1 50-53 61.08 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
22E-2 100-103 62.84 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

23E-2 20-23 64.55 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
24E-1 67-70 66.21 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
24E-2 120-123 67.92 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
25E-2 30-33 69.48 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
26E-2 50-53 71.06 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
26E-2 100-103 72.72 58.0 3.1 0.4 0.0 0.0 0.0 2.5 0.4 65.2
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