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Sedimentary Features of Cores BL96-1, -
2, -3, Bear Lake, Utah—-Idaho

By Joseph P. Smoot

Introduction

Sedimentary analysis of cores from Bear Lake emphasizes textural characteristics
that can be observed continuously, rather than by sample-dependent analytical
techniques. The textural observations emphasize characteristics such as layering,
bioturbation features, and distribution of grain sizes and grain types (Smoot, 1998; Smoot
and Benson, 1998; Kemp and others, 2001; Last, 2001). The sedimentary analysis not
only constrains the variability of the depositional environment, but also provides
important information about the nature of the materials analyzed biologically and
chemically. The origin or significance of the sedimentary features observed may be
inferred by comparison to features from other lakes or from basic mechanical, chemical,
or biological principles (Lomando and Schreiber, 1994; Smoot and Benson, 1998). More
often, the sedimentary features need additional constraints from chemical or biological
analyses in order to distinguish among several possible origins.

Three Kullenburg piston cores (Glew and others, 2001) were collected along an
east-to-west transect in 1996 (fig. 1). The cores were cut into meter-long segments and
each segment was split in half lengthwise for sampling and archival purposes. The
archive half was cleaned with a straight razor, described with a 10-power hand lens,
logged, and photographed with 35-millimeter slide film in 14-centimeter (14 cm)
overlapping segments. The photographs for each core segment were scanned at 3,000 dpi
(dots per inch), stored on compact discs (CDs), and then combined into a composite core
photograph using Adobe Photoshop v.4.2. The composite photographs and log
descriptions were used to produce detailed graphical core descriptions. A 1-cm-thick
slab was cut from each archive core segment for x-radiography in a Picker Minishot 1
using 17-inch Agfa Structurix D4DW film. The x-radiographs were described and
logged with a 10-power hand lens to produce the sections presented here.

Smear slides were collected at 10-cm intervals and at visible changes in sediment
character. A subsequent set of smear slides was collected where changes in fabric are
visible in the x-radiographs. The smear slides were examined using a Zeiss binocular
petrographic scope with 10-power occular and 40-power objective lens. Several smear
slides were counted along a ten-micron grid for variability in diatoms and grain types.
Three hundred diatoms were counted on each slide, whereas grain types were estimated
by using a shadow diagram (Terry and Chilingar, 1955). A few intervals were washed in
a wet sieve to examine sand-sized material using a Nikon Zoom binocular scope at 40-
power resolution. No attempt was made to identify genera or species of shells observed
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Figure 1. Map of Bear Lake showing location of cores BL96-1, -2, and -3.



in this manner. Polished thin sections were made at select intervals from chips imbedded
with Spurr resin as described in Kemp and others (2001). These were examined by
petrographic microscope and Scanning Electron Microscope.

Descriptions

The three cores each intersected a different succession of sediment (fig. 2).
BL96-1, which was collected at the greatest depth, was composed entirely of aragonitic
sediment. BL96-2 has an upper aragonitic section, a middle calcite-rich segment, and a
lower interval rich in siliciclastic clay. BL96-3 has a thin, sandy aragonitic sediment
interval at top underlain by a calcite-rich then clay-rich succession. Except for a few
small intervals, layering in the cores is limited to subtle banding defined by small
differences in grain size. Bioturbation features appear as ovate mottles or are defined by
sulfide-rich fillings or linings. The x-radiographs provide a clearer picture of
sedimentary features, particularly in carbonate-rich intervals. Muddy intervals appear
denser (lighter) than grainy intervals which have more open-pore space (black). The
contrast between light and dark layers indicates the relative grain size, so that high
contrast indicates greater differences in grain size. Burrows appear as cylindrical cross
sections of varying density. Clay-rich intervals are very dense, and the images were
sensitive to even tiny variations in thickness. This resulted in some uncertainty in
interpreting mottled textures as burrows or roots. Those intervals with less distinctive
features are indicated with question marks following their probable origin. Ostracode
and mollusk shells are very dense, but fine sand- to silt-sized shells were difficult to
identify. The uncertainty in interpretation also is expressed with a question mark
following the proposed name. Gypsum crystals are moderately dense, and the larger
crystals display distinctive cross sections. Grain separates were identified as gypsum
using X-ray diffraction (Gary Skipp, U.S. Geological Survey, pers. commun.). Smaller
crystals are more anhedral in places, making their identification less certain. Some tubes
are lined by pyrite, and organic material often is coated with pyrite, which is very dense
in x-radiographs.

An explanation of symbols used in the detailed graphical core description is
provided in figure 3.

BL96-1

Figure 4 shows the five core segments of BL96-1 from hand lens and x-
radiograph logs. The upper 160 cm are characterized by diffuse decimeter-thick
alternations of intervals consisting of tan mud and intervals consisting of tan mud with
scattered silt-sized grains (grainy tan mud). Smear slides indicate that the tan mud
intervals have a matrix of mostly 1-4 micron aragonite needles with minor calcite
crystals and abundant diatoms dominated by one or two species. Grainy tan mud
intervals have a matrix of 1-20 micron aragonite with abundant calcite crystals and
grains and diatoms of a wide variety of species. Grainy tan mud intervals are thicker and
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Figure 2. Correlation of Bear Lake cores based on sedimentary characteristics with radiocarbon
dates from Colman and others (2003).



Figure 3.

EXPLANATION

Hand Lens

Mud

Muddy sand grading upward into
sandy mud

Silty mud graduing upward
into grainy mud

Elongate black
grains(?)

Black, horizontal tubes
less than 2 mm long

Black, horizontal tubes
greaterthan 2 mm long

Black, random tubes
greater than 2 mm long

Sediment-filled horizontal tubes
with dark or orange rims

Sediment-filled random tubes
with dark or orange rims

Sediment-filled horizontal tubes
less than 1 mm in diameter

Sediment-filled horizontal tubes
greaterthan 1 mm in diameter

Sediment-filled random tubes
less than 1 mm in diameter

Sediment-filled random tubes
greaterthan 1 mm in diameter

Sand-filled random tubes
greaterthan 1 mm in diameter

Granule-sized grains

Pebble-sized grains

X-Ray

Sand-sized high-density grains

High-density horizontal burrows

High-density random burrows

Low-density horizontal burrows
1 mm or less in diameter

Low-density horizontal burrows
greater than 1 mm in diameter

Low-density random burrows
1 mm or less in diameter

Low-density random burrows
greater than 1 mm in diameter

Low-density random burrows
with high-density rims

High density horizontal burrow with

higher density rim

High-density tubes that are
probably roots

High-density branching roots

High-density fine-sand-sized blebs

High-density medium-sand-
to granule-sized blebs

Medium-high-density subhedral to
anhedral gypsum crystals

Medium-high-density euhedral
gypsum crystals

High-density blobs with diffuse

margins are probable concretions

Explanation for symbols used in figures 4, 5, and 6 for both hand lens and x-ray descriptions.
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Brownish clay

Pale tan clay with
Mmore grains

Pale tan clay with
scattered grains

Pale tan clay with
more grains

Fale tan clay with
scattered grains

Fale tan clay with
more grains
Fawer grains and
elongate black
Pale tan clay with
scatterad grains
Pale tan clay with
more grains and
elongate black

Fale tan clay with
scattered grains

Pale tan clay with
more grains and
elongate black

Fale tan clay with
scattered grains

Pale tan clay with
miore grains and
ostracodes(?)

Hand lens

BL96-1A
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Very dense
Less dense with zome small shells {ostracodes?)
and mm-scale burrows

Less dense with vague burrows about 2 mm in
diameter

Gradational change with mora sharply defined
low-dansity burrows downward

Low density with 1-mm diameter burrows with
denser rim. Appear longer {more vertical?}

Burrows smaller and more horizontal
Denser with few horizontal burrows
Less dense with small random burrows

Low density with 1-mm diameter burrows with
denszer rim. Appear longear {more vertical?}

Burrows smaller and more horizontal

Small random burrgws

Denser with horizontal burrows

Less dense with small random burrows

Densar with horizontal burrows

Less dense with small random burrows

Burrows smaller and more horizontal

Small random burrows

Figure 4. Core description for BL96-1.
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Pala tan clay with
small black tubes
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Figure 4 continued.

Less dense with
small random burmows

Burrows are smaller and
more horizontal

Thin densa layer

Burrows are larger and more random
Denser with horizontal burrows

Burrows are larger and more random
Burrows are smaller and more horizontal
Less dense with

small random burrows
Densar with horizontal burrows
Less dense with

small random burrows
Burrows are smaller and more horizontal

Densar with horizontal burrows
Low density with 1-mm diametar burrows with
denser rim

Burrows are smaller and ostracodes(?)
more abundant toward base

Thin densa layer
Burrows are smaller and mora horizontal

Burrows are |arger and more random
Burrows are smaller and more horizontal

Burrows are larger and more random

Burrows are smaller and more horizontal
Densar with horizontal burrows

Less dense and burrows are larger
and more random
Denszar with horizontal burrows

Slightly less dense with horizantal burrows

Burrows are |arger and horizontal
Burrows are smaller and horizontal

Burrows are larger and random

Burrows are smaller and horizontal

Burrows are larger and random

Denzar with horizontal burrows
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Figure 4 continued.
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Fale tan clay with scattered grains
and elongate black near base

Pale tan clay with small dark
tubes

Pale tan clay with scattered grains

Pale tan clay with small dark tubes

Pale tan clay with few grains

Pale tan clay with grains near top and
small dark tubes near base

Pale tan clay with few grains

Pale tan clay with small dark tubes

Pale tan clay with scattered grains and
alongate black near basa

Pale tan clay with black tubes

Yallowish tan silty clay with small dark
tubes

Pale tan clay with few grains
Fale tan clay with black tubes grading
o small dark tubes downmward

Yallowish ta with small dark tubes
Pal&mnmmmmm

o small dark tubes downward
Yallpwish tan silty clay with small dark tubas
Yellowish tan silty clay with smaller black and
larger yellow tubes all get smaller and finer

downward
Pale tan clay with few grains
Yallowish tan silty clay with small dark tubes

Yallowish tan sitty mud with smaller black and
larger yallow tubes and scattered grains

Yallowish tan sitty mud with smaller black and
larger yellow tubes and few grains

Yallowish tan sitty mud with smaller black and
larger yellow tubes and scattered grains

Yallowish tan sitty mud with few grains and
many horizontal black and yeliow tubes

Yallowish tan silty mud with scattered grains
and large yellow tubes and smaller black
tubaes near base

Hand lens

Figure 4 continued.
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Lower density with large dense burrows

Denser with large dense burrows near top and
small low density horizontal burrows near basa

Lower density with large dense burrows

Denser with large dense burrows and zonas of
small low density horizontal burrows

Lower density with large dense burmows

Threa high density bands in low density with
small random low-density burrgws

Low density with large dense burrows

Densar with small low density horizontal burrows

Lower density with large and small random
low-gensity burrows

Deansar with small low density horizontal burrows.

Lower density with large and small random
lgw-gdensity burrows

Denser with small low density horizontal burrows
and a zone of random burrows in middle

Lower density with small random
low-gensity burrows

Denser with small and large low density
random burrows
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Figure 4 continiued.
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Lower density with small low-density burrows.

Denser with small low density horizontal burrows

Lowar density with small lgw-dansity burrows

Denser with small low density horizontal burrows

Lowar density with large low-density burrows
near top and smaller burrows near base

Denser with small low density horizontal burrows
Lower density with small low-density burrows.

Denser with small low density random burmrows
near top and horizantal burrows near base

Lowar density with low-density random burrows
and high density sand (ostracodes)

Denser with large low (and some high) density
random burrows

Lower density with low-density random burrows

Denser with large low density horizontal burrows
Lower density with low-density random burrows

Denser with small low density horizontal burrows
Thin dense bands

Low-gdensity random burrows are larger near base

Lowar dansity with low-density random burrows

Denser with small low density horizontal burrows

Less dense with abundant high and low-denisty
large burrows

Small low density horizontal burrows

Large random high and low-denisty
burrows
Denser with small low density horizontal burrows

Less densa with large random high and
low-denisty burrows

Denser with small low density horizontal burrows
Lower density with low-density random burrows

X-Ray



more closely spaced in the lower part of this interval. From 160 cm to 330 cm, the core
is dominated by pale tan mud with thinner and less abundant grainy tan mud intervals.
The tan mud layers have distinct dark tube shapes that mostly are elongate in the
horizontal plane. From 330 cm to 455 cm, decimeter-scale, pale tan mud intervals with
black tubes alternate with yellowish tan silty mud intervals of similar thickness. The silty
mud intervals have sharp basal contacts, and vague 0.5-cm scale randomly oriented tubes
are defined by concentration of silt. Smear slides of silty mud are similar to the grainy
mud intervals, but also have common limestone rock fragments and ostracodes. A 3-cm-
thick, ostracode-rich sand occurs at 423-cm depth in the core. From 455 cm to 500 cm,
the core is composed of tan mud with dark tubes. Within this interval, there are areas that
have larger tubes with more random orientations, rather than the smaller more horizontal
tubes. Yellowish silty mud occurs in the basal 2 cm of the core.

X-radiographs of BL96-1 show very little density difference of the matrix in the
upper 110 cm, but some nongrainy intervals are slightly denser than the grainy intervals.
Burrows appear as partial sections of cylinders that are slightly denser or less dense than
the matrix. Burrows vary in size and orientation including small burrows (1 mm or less
in diameter) with mostly horizontal orientations and larger burrows (2—5 mm in diameter)
with vertical and horizontal orientations (random). Burrows in grainy intervals are
mostly randomly oriented whereas those in the nongrainy intervals are mostly horizontal.
Large random burrows between 12 and 30 cm and 38—40 cm depth have a denser rim
around a less dense core. From 110-160 cm there is more contrast between dense
nongrainy layers with horizontal burrows and less dense grainy layers with random
burrows. The matrix is uniformly dense from about 160—205 cm and burrows are all
oriented horizontally with some variations in the diameters, ranging from 0.5 to 2.0 mm.
The interval between 205-330 cm is characterized by lower-density grainy tan mud
layers with random burrows, but the denser nongrainy intervals have horizontal and
random burrows. The random burrows in the denser intervals are commonly high
density. From 330-455 cm the x-radiograph is predominately low density with abundant
random burrows in the yellowish silty intervals. Higher density intervals are mostly
dominated by small horizontal burrows with some random burrows (high density). The
interval from 455—498 cm is high density with alternations of horizontal and random
burrows, the latter mostly concentrated into slightly higher density intervals. The basal 2
cm of the core is low density with random burrows.

BL96-2

Figure 5 shows the five core segments of BL96-2 from hand lens and x-
radiograph logs. The top 60 cm is pale tan clay that is mostly grainy with thin grain-poor
intervals. The character of the sediments basically is the same as in core BL96-1. A
sandy layer composed mostly of ostracodes occurs at about 30-cm depth. Black tubes
occur in a few intervals, but bioturbation is mostly not recognizable. From 60—-125 cm,
the core consists of alternations of yellowish silty to sandy mud with large random tubes
and pale tan clay that commonly has dark horizontal tubes. The yellowish beds are rich
in ostracodes and carbonate rock fragments. The interval from 125—-150 cm is pale tan
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Brownish clay

Pale tan clay with sand grains and
elongate black
Pale tan clay with few grains

Fale tan clay with grains and large
black tubes

‘Yellowish tan clay with scattered grains
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Pale tan clay with grains and elongate
black near basa
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Denser with small low density horizontal burrows
Lower density with low-density random burrcws

Danser with 1-mm diameter burrows with
denser rim

Lower density with 1-mm diameter burrows with
danser fim

Deansar with small low density horizontal burrgws

Lower density with low-density large random burrows

Danser with sand-sized dense grains (ostracodes)

Lower density with small random burrows.

Lower density with 1-mm diameter burrows with
densar fim
Very denze layar

Lower density with 1-mm diameter burrows with

dan i
Dansgryvunﬁ small random burrows and horizontal
burrows at base

Lower density with low-density large random burrows

Deanser with low-density large random burrows

Lower density with low-density large random burrows

Densar with small low density horizontal burrgws

Lower density with low-density large random burrows

Danser with small random burrows and dense layer
at base

Lower dansity with sand-sized dense grains

Lower density with low-density large random burrows

Densar with small low density horizontal burrgws

Lowar density with low-density large random burrows

Denser with small random burrows

Lower density with small random burrgws

Denser with small low density horizontal burrows
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low-density burrows near base

Densar with small low density horizontal burrgws
that are larger near base

X-Ray

Figure 5. Core descriptions for BL96-2.
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Fale tan clay with few grains

Yellowish tan silty mud with large yellow and black random
tubes. Scattered sand grains near abrupt base

Fale tan clay with few grains near top and more grains
and elongate black near base

Yellowish tan silty mud with large yellow and black random
tubes. Scattered sand grains near abrupt base. Dark
lamina near middle

Fala tan clay with few graing and large dark tubas

*Yaliowish tan silty mud with large yellow and black random
tubes. Scattered sand grains near abrupt base

Yallowish tan silty mud with elongate black and large
yellow tubes

Pale tan clay with few grains

Pale tan clay with elongate black and faint large tubes
Pale tan clay with few grains and large dark tubes
Pale tan clay with scattered grains and elongate black

Fale tan clay with few grains and large dark tubes

Fale tan clay with few grains and large black
horizontal tubes

Yellowish tan silty mud with dark grains and top and
two dark laminae near middle

Fala tan clay with few grains and large black
tubes
Yallowish tan silty mud with larga black horizontal

tubes
Fala tan clay with few grains and large black
horizontal tubes

Fala tan clay with few grains and small dark
horizontal tubes

Yallowish tan silty mud with sand grains
Fala tan clay with scattered black grains

Gradational batween pale tan and gray clay

Gray silty clay overlying sharp contact with sand-
sized black fragments

Gray sitty clay
Gray clay with black grains.

Hand lens

Figure 5 continued.
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Denser with small low density random burrows
Lower density with small low-daensity burrows

Denser with small low density random burrows
near base and horizontal burrows near top

Lower density with large low-density burrows and
sand-sized grains (ostracodes?)

Denser with small low density horizontal burrows

Thin dense band

Lower density with large low-density burrows and
sand-sized grains (ostracodes) near base

Denser with large low density random burrows
near base and horizontal burrows near top

Lower density with small low-density burrows and
sand-sized grains (ostracodes?} and thin interbed
of denser with small horizontal burrows

Denser with small low density horizontal burrows

Lower density with small low-density burrows
near top and larger burrows near basae

Denser with small low dansity horizontal burrows
and some large horizontal burrows near top

Lower density with large low-density burrows

Denser with large low and high density horizontal
burrows.

Lower density with small low-dansity burrows and
sand-sized grains (ostracodes?) and thin high
density laminas In middie

Denser with large low density random burrows

Lower density with large low-density burrows

Denser with large low density random burrows

Denser with large then small low density horizontal
burrows and small random bumows near base
Lower density with sand-sized grains (ostracodes?)
and low density burrgws (?) with densa rims
Denser with small low density random burrows
Denser with large low density horizontal burrows

Less dense with large low density random burrows

Lower density with sand-sized grains (ostracodes?)
and elongate low density grains(?)

Denser with large low density horizontal burrows

Lower density with large low-density burrows and
sand-sized grains (ostracodes?)

Denser with large low density horizontal burrows

Denser with large low density horizontal burrows

X-Ray



BL96-2-C

191 F=—""7 Gray clay with black grains 191 ST5] Denser with small low density horizontal burrows
g I e ..a ’ "ﬂ\ Less dense with progressively larger low-density burrows
Ry {2 | e e
B Pale tan sandy mud (ostracodes) an N mg g&g %%?
2004 .. G mudiled tubes 2004 = Dansar ]szoma: burrows
- | Gradational n pale tan and gray clay “ew, . = | LESs dense with vary high and low density sand grains and
=== with small silty horizontal tubes and a dark ez sandy horizontal burrows and low density sand in middie
— _ — | greensandy layer in middia ; Danser with large low dansity random burrows with some
__ — | Faletanciay with few grains and small black 5 = =™ vary dense lining and scamerad wraoodast"}
e o horizontal tubes becoming larger downward «\).,! Less dense and sandier than

Pals tan clay with scattered grains and elongate 2104, ,.,,_' LBSSdBﬂ and sandier ﬂ'lall abova with more horizontal

] black abruptly underlain by large horizontal tubes
~ V| Gradational betwsen pale tan and gray clay

T /\ with large black tubes at top and silt-filled
i}

210

&m small low dansﬂy horizontal burrows

Densar wlg mclenss brancimg tubes (roots?) and
-] larger Imwclmlw tubes (burrows?). Lower density with

tubes near base il
ostracodes in middle

H——H 3
220 1"=8"| Gray clay witn large horizontal black tubes | Less danse with dense speckies (siit?) and low density
-] becoming smaller and lass dark downward | tubes. Fewer spackles near base and tues have dense
B 3” blobs sumounding them.
i ] i d Low density with densa speckles and ostracodes near
8 G:;r_lsslllgrﬁ:g ?ﬁ;f"m"f,xw foward base base. Numerous low density burrows are random with
230 g a large horizontal burrows near base.

Danser with small low-density horizontal burrows and larga

~ | Gray clay with small horizontal black tubes wvertical burrows and high density tubes (roots?) near base

204 -

Greanish gray silty clay with some small black
horizontal tubes

Dark greenish muddy silt
Greanish gray silty clay with large random black

and silty tubes becoming smaller black tubes.
toward base

Less dense with low density burrows and high density
tubes (roots and burrows?)

Danser with larga Iuw-danslly horizontal burrow mottlas

© .. **| Less dense with high density elongate blebs and shells

(ostracodes and clams)

- Dansar with high-denisty elongate blabs varying in size

and abundance

250
Less dense with high density elongate blebs mostly at top
Gray clay with small black grains and elongats and base and dense tubes ({roots?) that are smaller near
base. Gypsum(?) crystals in paich near top
Denser with low-density burrows and fewer blebs
260 | High density blsbs increase with largar toward base

Graenish gray silty clay with large random bilack
and tubes becoming smaller black tubes
toward base

Blabs dacrease with faint low-density bunmows
High density blebs abundant with larger toward top and
fewer downward in two sequences

o
Lass dense with high density elongate biabs imegularly

270 concentrated. Patch of small blebs and possible gypsum
=| mnear base

Greanish gray silty clay with large random black : Dgrmrmmwl e
and tubes becoming smaller black tubes Lass dense with patchy concentrations of mostly small
toward base high density elongate blebs.

280
Greanish gray silty clay with large random black -
and tubes becoming smaller black tubes Bands defined by low abundanca of high-density blabs that
toward base become more abundant and larger upward to abrupt

200 contact

Graenish gray silty clay with black tubas

Hand lens

Figure 5 continued.
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BL96-2-D

Gi ish gray silty clay with black tubes
Yellowish green silty clay with a horizon of black grains

Yellowish green silty clay with black grains and tubes
becoming less abundant toward base

Yellowish graen sity clay with large black tubes and
scattered black grains

Yellowish green silty clay with abundant black grains

Yellowish and reddish green silty clay with vague
motties and tubes and occassional whita grain
Yellowish and reddish green silty clay with black
grains and more elongate tubes decreasing downward
Greenish red silty clay with abundant black fuzzy grains(?)
and a few elongate tubes
Red silty clay with orange rimmed tubes )
Red silty clay with black grains that are fuzzier with more

tube shapes toward base
Rad silty clay with orange rimmad tubas

Rad clay with orange rimmed tubes and black grains
and black tubes

Red clay with black grains and black tubesin a
vertical patch. Scattered granules at base.

Red clay with large orange tubes at top and small
black grains and tubes toward base

Red clay with large orange tubes
Red clay with fuzzy black grains and black tubes

Red clay with granules and a black pebble and scattered
black tubas

Red clay with horizons with concentrations of faint black
graing and some tubes

Rad clay with indistinct black tubes and some orange
granulas
Red clay with scattered crange granules

Rad clay with fuzzy black grains and some black tubas
Red clay with scattered crange granules near base
Red clay with long black horizontal tubes

Red clay with scatterad oranga granules and a black
pebble

Hand lens
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Figure 5 continued.
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Dense with horizons of high-density elongate blebs
separated by zones with few blebs and moderate density
mostly large horizontal burrows(?). Some high-density
tubes may ba roots

Denser with scatterad low-density small horizontal burrows

Less dense with abundant branching high density tubes
roots(?) that are less abundant downward

Horizons with concentrations of high density elongate biebs
and gypsum crystal shapes concenirate in patches and
as layers of different crystal sizes

Denser with gypsum crystal shapes forming vertical patches
and fewer roots(?)

Horizong with concentrations of high-density elongate blebs
and no gypsum

Gggmm crystals in vertical patchas with fewar high density

Less dense with horizons. of concentrations of high density
slongate blebs and fewar gypsum crystals
Gypsum crystals and high-density blebs in vertical patches

Branching high density tubes (roots?) less abundant
downward and dense elipsoid blobs become more
abundant with low-density tubes

Dansar with low-density horizontal tubes

More vertical tubes have halos of denser material and
eliptical to amoahboid high density blebs are larger
downward (as much as 2 mm)

Slightly denser with low density small horizontal burrows

at top and mora random burrows downward with dense
circular blobs.

Large horizontal burrows(?) have dense halos and dense
blobs have denser rims and are larger

Slightly denser with faint horizontal burrows(?) and dense
circular blobs

Large dense horizontal burrows(?) have dense halos

Slightly denser with faint low density burrows(?) and dense
circular blobs.

Dense burrows{?) have slightly less dense halos

Dansar layer with sharp contacts and intarnal laminae(?)

Less dense with faint burrows(?) at top and dense burrows:
with halgs overlying a thin dense layer

Faint lpw density burrows(?) and dense circular blobs

Two diffuse high-density laminae separated by less dense
with low density horizontal burrows.

Faint low and high density burrows(?) and sharp dense
large amoeboid blobs with denser rims

X-Ray



clay with large dark random tubes alternating with tiny black horizontal tubes. From
about 150—-180 cm, yellowish silty mud is more abundant alternating with pale tan clay
with dark horizontal tubes. At 180 cm, the pale tan clay grades into gray clay and an
shell-rich sand. Gray silty clay with calcite crystals occurs at 180-195 cm. From
195-220 cm, the sediment is aragonite rich with clay, silty clay, and ostracode sand
layers. The layers are disrupted by small horizontal and random dark tubes, as well as
larger random tubes. From 220-240 cm, the core is calcite-rich gray clay with a sand-
rich sharp contact at about 230 cm and a green silty bed at about 240 cm. From 240 cm
to about 295 cm the sediment is progressively less calcite-rich clay with horizons rich in
sulfide-coated egg casings and chitinous body parts of the cladoceran Daphnia. The
horizons typically have black sulfide-lined tubes that become larger upwards. The
interval from 295-330 cm is characterized by greenish clay with a silty texture
containing abundant small gypsum crystals. Black tubes and Daphnia egg casings and
body parts also are abundant. From 330 cm to the base of the core, the sediment is a red
clay with orange or black tubes in the upper part and less distinct black tubes in the lower
part. Bands are defined by concentrations of black grains that are predominately egg
casings and zones with orange granule- to pebble-sized grains.

X-radiographs of BL96-2 show the uppermost 40 cm are dominated by large
random low-density burrows with denser outer rims. Dense, sand-sized ostracodes define
a sharp-based sand layer at 28-cm depth. From 40—60 cm and 125—-150 cm, small
horizontal and random burrows occur in denser layers, whereas larger random burrows
occur in less dense layers that coincide with grainy intervals. A low-density layer with
dense sand-sized shells occurs at 62 cm. From 60—125 cm, the yellowish silty and sandy
layers appear as low-density bands with large random burrows, and the pale tan layers are
denser with smaller, mostly horizontal burrows. From 150—180 cm, sandy layers are low
density with high density shell-shaped grains, but pale tan layers show variations in
density with lower density areas with large random burrows and higher density areas with
small horizontal burrows. The gray calcitic clay interval from 180-195 cm is mostly
dense with large low-density horizontal burrows and a lower density band with more
random burrows. The aragonitic interval from 195-220 cm has many low-density sandy
intervals with high-density ostracode grains. Burrows are larger and more random in the
low-density intervals and smaller and more horizontal in the higher-density intervals. At
215-220 cm, there is an occurrence of very high density tubes that branch and decrease
in size downwards. Similar high-density tubes occur at 232-245 cm, 251-257 cm,
297-298 cm, 303—315 cm, and 330-340 cm. These tubes are filled with framboidal
pyrite and are associated with much smaller tubes which show oriented clay linings. The
shapes and distribution of these tubes resemble small root casts. The calcitic interval
from 220-245 cm is dominated by random low-density burrows. The upper 15 cm of the
calcite interval is speckled with silt- to sand-sized high density grains which include
ostracodes in the larger sizes. Some of the random burrows are surrounded by high-
density globular features with diffuse edges. The lower part of this interval is denser with
more horizontal burrows and a low-density sandy layer at the base with ostracodes and
clam shells. The interval from 245-330 cm is mostly dense with decimeter bands
defined by concentrations of high density blebs. The blebs comprise upward coarsening
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successions from small and only slightly elongate blebs grading upward to larger more
elongate shapes. Silt- to sand-sized euhedral gypsum crystals occur as small patches at
251 cm and 272 cm and define vertically elongated patches in the intervals 307-318 cm,
320-325 cm, and 328-331 cm. The interval from 330 cm to the base of the core is dense
with random and horizontal burrows of different sizes occurring in decimeter intervals.
Dense irregular globular shapes that are mm- to cm-scale surround burrows or are
randomly distributed. Some of these features have dumbbell shapes that are vertically
elongated. A very dense layer at 378 cm appears to have faint internal laminae of
different density. This may be an artifact of the sample preparation rather than a
depositional feature.

BL96-3

Figure 6 shows the five core segments of BL96-3 from hand lens and the upper
four segments from x-radiograph logs. The uppermost 10 cm of BLL96-3 consist of pale
tan aragonitic mud with scattered ostracode shells and sand layers rich in ostracodes.
From 10-25 cm, the core consists of a greenish-gray mud with numerous black tubes in
the upper part and less distinct horizontal tubes toward the base. The mud is calcitic at
the top and progressively more clay rich downward. Black egg casings and body parts of
Daphnia are common between 10—40 cm in the core. The interval between 25—65 cm is
dominated by mostly vertically oriented orange-rimmed tubes or black tubes with smaller
diameters. The sediments in this interval are yellowish near the top and reddish at the
base. In the lower 10 cm of this interval, there is a tapering tube-shaped feature with
branching tubes and patches of black material internally. From 65—-140 cm, the sediment
is mostly reddish clay with abundant dark horizontal tubes and a few greenish bands.
Black egg casings are scattered in the upper part of this interval, but absent in the lower
part. The core below 140 cm is characterized by bands of greenish silt grading to clay
and reddish clay. Silty beds are disrupted by larger, more random tubes, whereas clay
beds typically have dark horizontal tubes. The silty beds alternate with clay beds in
intervals about 30—40 cm thick. Orange-stained vertical cracks are visible at 170—185 cm
and 265-290 cm.

X-radiographs of BL96-3 show three sharp-based ostracode sand layers in the top
10 cm separated by denser mud layers with small horizontal burrows. Large snails are
visible in the uppermost mud at 5 cm. Denser mud with horizontal burrows underlies the
lowest sand at 10—-13 cm. From 13—40 cm, dense mud has bands defined by
concentrations of dense blebs equivalent to egg casings and possible tubes. Very dense
vertical and branching tubes occur at the top of this interval, becoming smaller down to
23 cm. These features have the same characteristics as those in BL96-2 that suggest root
casts. Similar sequences of root-like dense features occur at 40—50 cm, 50—65 cm, and
87-93 cm. There are one or two high-density tubes that may be similar features at 75
cm, 83 cm, 253-255 cm, 284 cm, and 300 cm. The dense tubes at 40 cm are associated
with globular dense bodies with diffuse edges. In the interval at 50 cm, very dense tubes
are associated with low-density vertical tubes with denser rims that also may be roots or
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BL96-3-A

Graen sponge

Brownish clay

Pale tan sandy mud with lenses and tubes
of pstracode sand

Dark gray green sandy mud grading up from
ostracode in two layers with tubes

Pale tan sandy mud with sand-filled tubes

Greenish silty mud with large black tubes grading
to grayish clay with small black tubes

Graenish silty mud with large black tubes grading
to small black tubes then horizontal mud-filled
tubas

Greenish gray mud with horizontal tubes and zones
of black grains and small black tubes

Yellowish-gray silty mud with random orange-rimmed
tubes and large black tubes that are more horizontal
naar the top

‘Yellowish-gray silty mud with random orange-rimmed
tubes and scattered black grains.

Orangish-yeliow mud with black grains and
small black tubes.

Yellowish-gray silty mud with random orange-rimmed
tubes and vartically oriented large black tubes

Yellowish-gray silty mud with random orange-rimmed
tubes and small black tubes near top

Grayish-red mud with orange-rimmed tubes as much
6 cm long with black linings in places. Small
black tubes at base

Grayish-red mud with small tubes that are mostly
horizontal with a gap with no visible tubes

Grayish-red mud with small black tubes at top,
maostly black grains in middle, and no tubes at base

Grayish-red mud with small black tubes at top,
maostly black grains in middle, and scattered
tubas at base

Hand lens

70

Low density sand (ostracodes) with denser top and
burrows. Large snails at base, smaller upwards
Densa with small burrows, less dense base

dansity sand (ost irme ar
[ ST Y Ll S e
Lowar density with small horizontal burrgws )
Lowar density with horizontal burrows, high density blebs
near top and higher density tubes (roots?)

{ et e vt o e

(roots) and high density elongate blebs that are
smaller and less abundant toward base

High density elongate blebs maka bands of higher
concentration alternating with zones of lower
concentration

Thin denser band overlies concentration of large
elongate high density biebs and tubes

High density branching tubes (roots) and elongate blabs
become smaller and less abundant downward. Dense
elipsoid blobs are smaller at top. Possible gypsum

Slightty denser with vertical high density tubes (roots)
becoming smaller and less abundant downward

Danser with low density vertical tubes (roots or burrows)
with densa linings. Tubes have diametars up to 5 mm
and are smaller toward base

Denser with small low density horizontal burrows and
lower density laminag?

Lower density with large random low density burmows
and thinner higher-density burrows or burrow linings

Denser band at top then lower density with high density
bigbs near base. Vertical low- and high-density tubes

Denser with low dansity burrows

Lower density with high density blabs and vertical
low-= and high-dansity burrows (or roots?)

X-Ray

Figure 6. Core description for BL96-3.
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BL96-3-B

ey High-density branching tubes (roots) and blebs with
= [~ o o S uystgjs vartical pai;‘il
90 { 7. = .] Greenishclay with black tubes getfing smaller and s { =k W'Eﬁfn'“- lay :Ilﬂl uabsausn:rtnﬁ}er-
/| Tless abundant upwards witn black grains ) - 3Maher densily keyer wilh more blebs,
;\ i ESRLEY dansity with miad low-density burrows (or roots?)
.- | Greenish clay with large horizontal tubes getting smaller } @, _p| Denserwith low-density vertical burows with dense
o= | @ndblack upwards with black grains EELEZ linings and dense sandy layer at base
oo o . Low-density vertical burrows with dense linings at top
- Reddish clay with black horizontal tubas getting smallar ]
~- o  slightly denser with r horizontal burrows at base
100 §— =| @ndlessanundantupward 100 E Qﬁ" Sl-u‘:ll:las den w:mwmltytl,n with den
. s danse ows se
- . ~| Reddish clay with black horizontal tubes getting smaller E fini
- 2= ing at top and horizontal low-dansity burrows at
~— and less abundant upward = ::' basa
— | Reddishclay with black horizontal tubes and a narrow =, == Lessdanze attop with small low-density burrows
110 4 = — gap at top with no tubes 110 o and denser with larger horizontal burrows at base
“—,_ .| Reddish clay with black horizontal tubes getting smaller (=R =
L — mdl_assabundantwwald o o Less dense with small low-density burrows at top and
= == Gre:n;r;cﬂﬁnltiack mﬁﬁgﬁnﬂ smaller - E‘-b larger horizantal burrows with dense edges at base
—- =] an a upwar ¥ = o i i
= : . Small low-dansity horizontal burrows at top and larger
120 470 = lel isl :n'::’rmh?'“k "&mmmgﬁm"ﬂ 120 § 5 g a random burrows with dense edges at base
::";J"l‘ Greenish clay with black horizontal tubes getting smaller = hﬁ“ Denser with small low-density horizontal burrows at top
- and lass abundant d imip ish clay :) and larger random burrowss with dense edges balow
- Rt oy ﬁzﬁ'ﬁ' getling smaller &7  and large tightly packed horizontal burrows at base
— .| andlessabundantupward = o = Lsssdensamﬂrsnlallbw—darlsdlgnww 5
—"__| Reddish clay with black-rimmed horizontal tubes o o ] Denser with tightly packed low ITOWS. an
130 { L~ ¥ ; oetting 445 ﬂnnsarlaynlatbasacm burrows
-~ Hblack:ndw:l'? ww:rds o Less danse with small nsity tubes
—~ | Reddish clay with biack horizontal tubes o~ Ta.| Denser with low-density horizontal burrows that are
. _~ | Reddish ciay with black horizontal tubss getting smalier a":.‘"a it el
= _ = and less abundant upward 2. .| Denser with small low-density horizontal burrows at top
140 4= -_-| Greanish clay with black-rimmed tubes getting smaller 140 45 ;"5 and larger random burrows with dense edges below
bl biack and mare horizontal upwards A thin danser |
N7 = = Sighay tome s wlh Sl low-clengly burows
8% %5 Darker greenish sity mud with targe ight tubes motting 7% ;| Less dense with smal kaw-density random burrcws
U E i o Denser with low-density horizontal burrows at top and
PR upper part as it gets finer grained G - tubes with dense ed
150 §¥ =" Two darker greenish silty mud with crange tubes mixing 15 g B d&: w&%ga%
.,' = upper finer grained with overlying unit. Small black and T e
-1 orange tubes at base e Lgsdg'a“n st "m
0 . ] s He B Denser with g\&l % and mmé’rﬂum
~. =" ") Two darker greenish silty mud at base with random light o o Lassdansewﬁh small horizontal low-density tubes
GG, tubes and finer grained at top. = == Denser with low density horizontal burrows at top and
160 B-g. E'.g 160 EJ:“-E larger random burrgws at base
o 3| Darker graenish sitty mud with orange horizontal tubes in ~"=l Atemai
& = ons of densar and less dense layers all of
i E:; B “~~=|  which are disrupted by large, low-density, horizontal
. & | Vague 0.5 cm bands of dark sity and lighter mud with dark e
x|  horizontal tubes .
1 Reialba 1 L
” "7 5{07| Greenish mud with horizontal orangish tubes and larger " B Conee mﬂ:‘;mhﬂ?ﬂ;ﬂm el
o dark-rimmed random tubes at top. Yellow crack starts at = burrows near base. Very danse streaky layer at tap.
e ] top - Danser with low dau;siyegmn burrows near top and
—~—1=] Reddish mud with small dark horizontal tubes 5| small horizontal burrows near base
180 4  [B| Reddishmudwith large dark-rimmed tubes 180 2, | Less dense wih random tubes wil derse edges
- Reddish mud with small dark horizontal tubes —=~| oeneerbh ﬂbyﬁw -density bands
"3, o3| Greanish mud with a dark band of sitfier mud all disrupted ™ ] Less dense with low-density small random burrows
s o DYmostyhorizoniallbes = .| Denser with low-density small horizontal burrows
Hand lens X-Ray

Figure 6 continued.
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BL96-3-C

— — — Dense with small low-density horizontal burrows at top
190 "~ | Reddish clay with dark horizontal tubes at top becoming Lk and less densa base
- 7 Gmm“ﬂﬁ?ﬂm downwards atiop ) Danser with low- and high-density random burrows
. reanis mud w horizontal tubes Less dense with low- and high-density random burrows
ST bocoming lase dotinctand moro random dowmiands 47 3| " and higher density horizontal burrows at base
e bacoming siltiar with more random downwards =t Lowar-density with random burrows grading to higher
~ 17 density with horizontal burrows in three sequences
200 §_*="_| Greenish mud with small random tubes L N
oy
e Greenish mud with dark and orange horizontal tubes | 173} Lower-density with random burrows grading to higher
2™ .| Greenishsitty mud with small random tubes p 1 3l censity with horizontal burows
=~ —; Greanish m:d;umm“:ﬂ'a.rk huﬂmﬂ?lwbesatwr%s o o Densar with small low-tdensity horizontal burrows and
=, | bacomi iar with mara random downwa = _ o=
210 {3 e U comng 20 Aoy Jovoesvomse | trons
= ™| largerand less dark downwards = = | random burrows attop and denser base
S keh with th k E | =| Densa with small low-density horizontal burrows and
= G%gfmh i) L L S 24| less dense with larger horizontal burrows at top
- - =, = | Lower-dansity with low-density horizontal burrows
20 F == 220 9= = Densa with small low-density horizontal burrows that are
:.,:;- -~ o« larger near the base
# _=| Greenish mud with large random dark tubes grading up = = | Less dense with low-censity horizontal burrows
57| intoreddish mud with small mostly horizontal dark tubes == . -
£ . ™| inthree sequences i~ 5
230 f = == 230 4 &
";' - | Reddish ciay with dark horizontal tubes - !':.. 1 mmm mm“”"Tmﬂ'm““ y hg::r
“Z_ | Greenish mud with small dark tubes grading up to larga {7~ I
~— - | random dark tubes and silty at base S
. e
240 456" | Greenish sity mud witn 1a 240 o 1) | Lowerdenslly with large random burrows grading o
g7 rge random tubes grading up higher-density with horizontal burrows
B8] into mud with smaller random tubes Dﬁ 8 53 oner-densty
U 1T Greenish mud with large horizontal tubes u
C o rrmm smallar ranrg:m tubes in two seg:fr?ss ’ .-_,L!; mel Mmi random burrolws grading o higher
o -E Gragnish sifty mud with large random tubes grading up R =t L:;:ﬂdyamny with l:ru;ebl:mn Eumﬁf:;nf to
i i with small . Y !
250 E g 0] into mud with smaller random tubes 250 g ! 8| higher-density with horizontal burrows
- - . . =] =
Lz -? Greenish clay alternating with silty mud with small random “j J.| Lower-densitywith random burrows grading to higher
“» #~| tubes and some small black tubes S dansity with horizontal burrows in three sequences
S | =1 1 Very high dansity tubes (roots?) in upper sequance
- = | Graenish sitty mud with random tubes grading up into mud 250 2
| Graenish sity mud with large random tubes grading up ", °|  Higher-density with low-density horizontal burrows
= | intomud with smaller random tubes then dark horizontal =, == hatarelarger and more random toward base
6 -0]  tubes with random tubes from overlying layer 1) P | Lower-density with random burrows
~ ) "= Lower-density with random burrows that have danse
- _f.| Greenish silty mud with large random tubes grading up . 8 ] linings waln';.n by highar-density
{5_—'3'3' into mud with smaller random tubes in two sequences .iJ ™~
b2 || Greenish mud with random sity tubes = j' £ Lower denelty ith random burows grading o igher
18- 8| Greenish sity mud with large random tubes S nslty with hortzontad burraws In three sequences
Graenish silty mud with large random tubes grading up } ! i
280 into smaller random tubes then mud with horizontal tubes 260 4 F== .|
i ]
Higher-da with low-density horizontal burrows
Reddish mud with large silt-filled horizontal burrows and q =7 a?rd walyrﬁ:;tfl density h.ba:?mms?} or lubes with
a zone of small horizontal burrows = E:. high dansity linings
Hand lens X-Ray

Figure 6 continued.
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BL96-3-D

Greanish silty mud with large random tubes bacoming finer
and reddish with smaller more horizontal tubes and dark
elongate biebs

Graenish silty mud with large random tubes becoming finer
upward with dark blebs

Greanish silty mud with large random tubes becoming finer
and reddish with smallar more horizontal tubas and dark
elongate blebs in two saquences

Graenish silty mud with random tubes owerlain by thin clay
with dark and orange horizontal tubes in two sequences

Graenish silty mud overlain by clay mixed with random tubes

Greenish silty mud overlain with large horizontal tubes.
grading to clay with small horizontal tubes in two sequences

Graeenish silty mud with large random tubes grading to clay
with saller more horizontal tubes

Graenish silty mud with dark horizontal tubes grading to clay
with smaller dark horizontal tubes

Greenish silty mud with dark horizontal tubes and reddish
clay with smaller dark horizontal tubes

Graenish silty mud grading to clay with dark horizontal ubes
tubes at base appear more random

Greenish mud with small dark horizontal tubes becoming
larger and less dark toward base

Greenish silty mud in two layers with large horizontal tubes

Graentsh mud with small dark horizontal tubes and black
blebs at base

Greenish silty mud with large horizontal tubes

Greenish mud with small dark horizontal tubas becoming
larger and less dark toward base

Greenish mud with small dark horizontal tubas becoming
larger and less dark toward base

Greenish mud with small dark horizontal tubes overlain by
reddish mud with faint horizontal tubes

Greenish silty mud with large random tubes becoming
smaller and less silty upwards.

Greenish silty mud with large random tubes bacoming
dark horizontal in clay at top

Graenish silty mud with horizontal tubes and clay attop with 380
small dark horizontal tubes in two sequences

Graenish mud with dark horizontal tubes and silty mud at base

Graenish mud with small dark horizontal tubes is reddish at

310

330

top and silty mud with larger more random tubes at base
Graenish silty mud with random tubes grading to clay 870
with sraller dark horizontal tubes
Graentsh mud with small dark horizontal tubes and reddish

mud with larger hosizontal tubes at base
Greenish silty mud with horizontal tubes and clay at top with

small dark horizontal tubes in two sequences 380

Greenish mud with small dark horizontal tubes and reddish
bands and siltier(?) layers with larger less dark tubes

Hand lens
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Figure 6 continued.
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Densa with small low-density horizontal burrows
Less dense with low- and high-density random burrows

Lower-density with random burrows grading to higher
density with horizontal burrows in three sequences.
ary high density tubes (roots?) in lowest saquance

Dansar with small low-dansity horizontal burrows and
larger more random burrows toward less dense base

Lower-density with random burrows capped by higher
density with horizontal burrows in three sequences

Lower-gdensity with larger horizontal burrows capped by
densar with smaller horizontal burrows

Lower-density with random burrows capped by higher
density with horizontal burrows

Denser with small low-density horizontal burrows and
larger more random burrows toward less dense base

Dareser with small low-density horizental burrows and
larger more random burrows in lass dense bands

Lower-density capped by denser with horizontal burrows

Denser with small low-density horizontal burrows and
larger burrgws toward less dense base in two
sequances

Dareer with small low-density horizental burrows and
larger more random burmows toward less dense base
in three sequences

Denser with small low-density horizontal burrows and
larger burrgws toward less dense base

Densar with small low-density horizontal burrows:
underiain by less dense with large random burrows

Danser with small low-density horizontal burrows
underiain by less dense with large random burrows
Dansar with small low-dansity horizontal burrows and

larger burrows toward less dense base in three

sequances

Denser with small low-density horizontal burrows
underiain by less dense with large random burrows
in two sequances

Denser with small low-density horizontal burrows and
larger burrows toward less dense base

Dansar with small low-dansity horizontal burrows and
larger more random burrows toward less dense base

Dansar with small low-dansity horizontal burrows and
larger burrows toward less dense base

Dansar with small low-dansity horizontal burrows and
very dense thin band

X-Ray
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Figure 6 continued.

burrows. Gypsum crystals are associated with the root-like features near 90 cm as are
vertical low-density tubes with denser rims. Between 65-90 cm, dense mud is disrupted
by small random low density tubes and has scattered zones rich in high-density blebs.
There is a dense band at 65 cm with low-density internal laminae that are inclined. At 95
cm, there is a dense sand band that appears to be a tephra. From 95-140 cm, there are
alternations of denser and less dense material over 5—15 cm thicknesses and alternations
of large random to horizontal burrows and smaller horizontal burrows. There burrow
alternations are not in synchrony with the alternations of density. From 140 cm to the
base of the core, there is a repeated association of lower-density silty layers with larger,
more random burrows and denser layers with small horizontal burrows. Where the
intervals of low-density silty beds are closely spaced, the interlayered high-density layers
are penetrated by large random burrows in addition to the small horizontal burrows. The
orange crack at 170—185 cm is clearly visible in the x-radiograph, whereas those at
265-285 cm are not seen in the x-radiograph. A small very dense lamina is visible at 387
cm. An x-radiograph was not collected for the lowermost 17 cm of BL96-3.

Correlation

The sedimentary correlation of cores BL96-1,-2,-3 is illustrated on figure 2. The
older deposits are closer to the surface in shallower water. The upper 60 cm of BL96-2
resembles the sequence in the upper 90 cm of BL96-1, but the 60—170 cm interval in
BL96-2 looks more like the deposits between 330-500 cm in BL96-1. The sand layer at
62 cm in BL96-2 may be equivalent to the sandy mud at 96 cm in BL96-1 with an
erosional unconformity below it. The aragonitic sequence at the top of BL96-3 has a
similar sequence of beds to the interval 196—220 cm in BL96-2. Below this, the
succession of calcitic mud and clay-rich deposits with Daphnia egg casings and root-like
features 1s similar between 220350 cm in BL96-2 and 10-95 cm in BL96-3. The
banded silty layers below 140 cm in BL96-3 are all older than the base of BL96-2.
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Discussion

All of BL96-1 and the upper 175 cm of BL96-2 represent deposition in a closed
lake similar to the modern Bear Lake. The mixing of crystal types and introduction of
shallow-water diatoms in the grainy layers indicate some sediment transport from the
lake margins to the center. The pervasive overprint of bioturbation makes it difficult to
assess whether the mixed sediment is introduced in large turbidite surges or whether it is
a contaminant mixed with background sedimentation. The coarser-grained yellowish-
silty beds from 330-455 cm in BL96-1 and their sandy equivalents in BL96-2 from
60—125 cm have sharp basal contacts and more diffuse upper contacts suggesting at least
initial episodes of rapid deposition. The presence of yellowish silty beds in BL96-2 that
appear to be time equivalent to pale tan aragonite suggests that yellowish silty beds were
deposited in shallower water than the grainy tan beds and yellowish sandy beds in
shallower water than the silty beds. The shifts in bioturbation patterns that accompany
the changes in sediment in the aragonitic interval may be due to changes in the lake-
bottom oxygen content allowing burrowers to penetrate more deeply during periods of
coarser sedimentation, or it could be a change in burrow strategy with a different
substrate.

The calcite-rich mud intervals at 180—195 cm and 220-310 cm in BL96-2 and
10-30 cm in BL96-3 require that the lake water had lower Mg-ion concentrations than
for the aragonitic intervals, which suggests that the water had less evaporative
concentration. The upper calcite-rich horizon in BL96-2 is fine grained with small,
mostly horizontal burrows which suggests deeper water than the silty to sandy aragonitic
sediment above it. Furthermore, the aragonitic sediment below it and the equivalent
interval at the top of BL96-3 are very sandy with sharp erosional contacts suggesting that
the calcitic interval represents a lake rise — then a drop in lake level into the aragonitic
sediments above. The lower calcite-rich interval is different from the upper interval. The
lower calcite-rich mud has horizons with abundant body parts and egg casings of
Daphnia and horizons with the branching tubes that resemble root casts. Some of the
root cast horizons are overlain by shell-rich sands. These features appear to indicate very
shallow water or even periods of subaerial exposure. The same style of sedimentation is
continued beneath the calcite-rich interval in calcite-poor siliciclastic-clay-rich muds. In
the clay muds, there are horizons with gypsum crystals and carbonate concretions that are
consistent with very shallow water or subaerial conditions.

The clay-rich muds below 90 cm in BL96-3 lack the Daphnia body parts and egg
casings and have a few tiny root-like tubes at about 250 cm. The rhythmic succession of
bands of sandier or siltier mud grading to clay in progressively thinner bands probably
represent a permanent lake with periodic influxes of sediment. They are believed to
represent a permanent lake fed by inflow from the Bear River and ultimately controlled
by glacial melt from mountains in the east.
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