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Micropaleontology and Sedimentology

of the PB Borehole Series,
Prudhoe Bay, Alaska

By Kristin McDougall, Elisabeth Brouwers, and Peggy Smith

Abstract

Sedimentologic and micropaleontologic (forami-
nifera) and ostracode) characterisitics of seven short
boreholes were examined to develop a stratigraphic
framework for the late Quaternary of the Arctic
Coastal Plain and Beaufort Sea. Three major sedimen-
tary units are recognlzed: allovium, glacial outwash,
and marine deposits. Data are not sufficient to
develop a detailed stratigraphy or geochronology of
the alluvium and outwash sequences. For the marine
sediments, a moderately detailed stratigraphy is
possible.

Marine sediments range from beach sand and
sandy gravel to clay amd silty clay typical of shallow to
mjd-shelf environments. Three benthic foraminiferal
and ostracode assemblages are recognized in the clay
and silty clay sediments. The sediments and faunas
are correlated with four late Pleistocene to Holocene
transgressions: in  ascending order, Pelukian,
Simpsonian, middle Wisconsin, and Flandrian. The
transgressive marine units consist of a basal pebbly
sandy silt or clayey sand which grades upward to silty
clay or clay as water depths increase. The initial
faunal assemblage is composed of species which prefer
low salinity, cool, shallow waters. These faunas are
replaced by assemblages that prefer deeper, warmer
waters as the transgression proceeds. Pelukian
assemblages are characterized by species which
indicate deeper and warmer marine conditions than
presently occur in the study area (common Cassidulina,
Stainforthia concava, Krithe glacialis, and Rabilimis

mirabilis) as well as several Atlantic immigrants {such
as Cluthia cluthae). Although indicative of slightly
shallower, slightly cooler waters, the Simpsonian
assemblages are similar to the Pelukian assemblages.
Cassidulinids decrease in abundance while the shallow-
water elphidiums increase. Immigrant species are
from both the Bering Sea and the subfrigid to frigid
Atlantic Ocean (such as Finmarchinella, Roundstonia,
and Sarsicytheridea). Middle Wisconsin foraminiferal
assemblages are recognized by low abundance, low
diversity, and the dominance of Elphidium clavatum.
flandrian faunas are abundant with moderate to low
diversities. Shallow inper nueritic assemblages are
characterized by Elpbidium, Heterocyprideis, and
other common genera. Deeper inner neritic
assemblages are more diverse and inchide such species

as Buccella frigida and Normanicythere leioderma.
Middle Wisconsin and Flandrian faunas cannot be
differentiated by ostracodes.

INTRODUCTION

During the past decade, considerable research
has focused on the continental shelf of the Beaufort
Sea 4as interest has risen in exploration and
development of oil and gas resources in the region.
This report is an outgrowth of studies on offshore
permafrost undertaken by the U.S. Geological Survey
(USGS), R. E. Lewellen of Arctic Research Inc., and
the Cold Regions Research and Engineering Laboratory
(CRREL) under the auspices of the Alaska Outer
Continental Shelf Environmental Assessment Program
(OCSEAP).  Eight shallow boreholes were drilled
through shorefast ice in the Prudhoe Bay area of
northern Alaska during the spring of 1978 and 1977.
Cores were sampled for stratigraphie, paleontologic,
and geochronologie studies by the U.S. Geological
Survey. The resulting data were utilized for thermal
modeling and for developing models of offshore
permafrost distribution. This study was part of
OCSEAP, supported in part by the Bureau of Land
Management through interagency agreement with the
National Oceanic and Atmospheric Administration.

Paleontologic and sedimentologic studies on the
PB boreholes examined the possibility of developing a
stratigraphic framework for Quaternary strata along
the Arctic Coastal Plain and adjacent Beaufort Sea. A
biostratigraphle framework based on benthic
foreminifers and ostracodes is most useful because
planktic foraminifers, radiolarians, and ecalcareous
nannoplankton are absent from these shallow-water
deposits. A few diatoms are present but are primarily
long-ranging marine and nonmarine benthic forms that
are not useful for detailed stratigraphic work (J. A.
Barron, oral commun., 1980). Pollen analysis of
selected samples from borehole PB-2 (Nelson, 1979)
indicates that palynology can also provide
stratigraphic information, but more detailed studies on
the palynomorph assemplsges have not yet been
undertaken. Only a few first or last appearances or
evolutionary trends are found in the Arctic Quaternary
record for either the benthic foraminifers or the
ostracodes, thus both groups must be used to establish
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a stratigraphic framework. Different source areas for
the sedimentary units produce distinctive sediment
types, or lithologies, permitting glaciomarine
sediments to be distinguished from sediment sequences
of more local provenance. These lithologies and
sedimentary units can in turn be used to develop a
lithostratigraphic framework.

This report documents our interpretations of the
lithology and palecenvironment of the transgressive
sequences in the PB  boreholes, suggests
biostratigraphic and lithostratigraphic frameworks,
and briefly considers the geologic history of the
Beaufort Sea continental shelf during the late
Quaternary. Available geochronologic data are
included for each PB borehole.

MATERIALS, METHODS, AND LOCATION

Detatled lithologic logs were compiled for seven
of the boreholes at the time of drilling. Core samples
were recovered at intervals ranging from 0.5 m to 6 m;
wash samples were taken in the coarse-grained
intervals where no core sample was collected
(appendix . The cores were initially radiographed to
identify sedimentary structures, lithologic changes,
and the spatial distribution of mollusks and pebbles;
subsamples were then taken for sedimentologic,
paleontologic, and chronologic studies. Pebbles from
the marine mud and clay were identified lithologically
in order to determine whether they were derived from
local sources (coastal bluffs and beaches) or from
exotic sources (ice rafting from distant regions).
Paleontological studies involved the identification and
analysis of the foraminifer and ostracode faunas
present in the cores. Geochronologic studies ineluded
radiocarbon dating of the younger fossil plant material
and amino-acid racemization ratios of selected
foraminifer and mollusk species.

All mierofossil subsamples were air dried or
dried in an oven at low temperatures (<50° C). One
hundred grams (dry weight) of sediment was soaked for
4 to 12 hours in water and washed through a 250 mesh
sereen (63-micrometer opening). Foraminifers,
ostracodes, and representative amounts of assoecinted
organic material were picked from the washed residues
(appendix ). Slides and residues are on file with the
Branch of Paleontology and Stratigraphy in Menlo
Park, Calif. (residues and foraminifer slides) and
Denver, Colo. (ostracode slides).

The seven boreholes used for this study are
located on two cross-sectional lines originally
established to study the engineering characteristics of
subsea sediments (fig. 1). Borehole PB~4 was an
engineering probe hole only, and no samples were
collected for lithologic or paleontologic studies.
Boreholes PB-1 and PB-5 were located 4 km and 8 km
from land, respectively, on a line extending
northwestward from the East Arco Dock to a point
slightly beyond the shoal that separates Prudhoe Bay
from Steffansson Sound. These two holes were located
in very shallow water and were terminated at shallow
depths within the sediments as well. Boreholes PB-6,
PB-7, PB-3, PB-B, and PB~2 were drilled along a line
extending north from the West Areo Dock to a point
several kilometers beyond Reindeer Island. Boreholes
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Figure 1, Prudhoe Bay showing locations of boreholes
(triangles).

PB-6, PB-7, and PB-3 were situated 1, 3, and 6.5 km,
respectively, north of the West Arco Dock; boreholes
PB-8 and PB-2 were drilled 1 km shoreward and 3 km
seaward of Reindeer Island, respectively. Water
depths and the thickness of fine-grained sediment
increase seaward along this line. Sample intervals and
measurements of sea-lce thickness, water depth, and
total depth of each hole are presented in appendix I

LATE QUATERNARY TRANSGRESSIONS

The rapldly oscillating sea level of the
Quaternary left terraces, wavecut cliffs, beach ridges,
and fossiliferous marine deposits during high stands of
the sea, and paleosols, subaerial deposits, and
unconformities during the low stands over wide areas
of the Arctic Coastal Plain. These transgressions were
named by Hopkins (1967). Inferred climatic eonditions,
water depths, and temperatures have been discussed by
Hopkins (1967) and MecCulloch (1967), and more
recently by Brigham (1984) and Brouwers and others
(1984). Carter and Brigham-Grette (in press) have
revised and suggested new names for many of these
transgressions based on geologic data acquired since
1967 and new dating techniques (amino-acid
racemization and thermoluminescence).

Four late Quaternary transgressions are
recognized in the boreholes: in ascending order,
Pelukian, Simpsonian, middle Wisconsin, and
Plandrian. The Pelukian transgression defined by

Hopkins (1987) refers to the marine transgression that
cccurred during the Sangamon interglacial (ea. 125
ka). Portions of the Gubik Formation were deposited



during this transgression (Brigham, 1984; Brouwers and
others, 1984; Carter and Brigham-Grette, in press).
The Simpsonian transgression defined by Carter and
Brigham~Grette (in press) occurred near the end of the
Sangamon interglacial and continued into the early
Wisconsin. The age of this transgression has been
estimated as 70 to 80 ka (Carter and Brigham-Grette,
in press) or 90 to 105 ka (Brouwers and others, 1984).
The Flaxman Member of the Gubik Formation (Dinter,
1985) and some sediments previously referred to the
Woronzofian transgression of Hopkins (1967) were
deposited during this transgression (Brigham, 1984;
Brouwers and others, 1984; Carter and Brigham-
Grette, in press). The term middle Wisconsin
transgression is here used for the transgression that
occurred during middle Wisconsin time, about 24 to 50
ka. This transgression includes some deposits formerly
assigned to the Woronzonfian transgression of Hopkins
(1967). Similar age sediments and faunas have been
identified on Baffin Island (Cape Broughten
Interstadial; Andrews and Miller, 1972; Andrews, 1965;
Peyling-Hanssen, 1976), Greenland (Jameson Land
Interstadial; Funder and fjort, 1973; Feyling-Hanssen,
1978), and Norway (Sandnes Interstadial; Feyling-
Hanssen, 1971, 1974, 1976). These sediments range in
age from 24 to 50 ka, and have been correlated with
the middle Wisconsin interstadial of North America,
Europe, and the Soviet Union (Rlint, 1971; Peyling-
Hanssen, 1976). A name for this transgression is not
proposad at this time. The Plandrian transgression is &
Buropean term for the transgression that accompanied
the deglaciation following the late Wisconsin maximum
(Gignoux, 1950; Flint, 1971). This transgression
represents the last 18 ka, and therefore ranges in age
from late Pleistocene to Holocene. In North Amerieca,
this transgression is often referred to informally as the
Holocene transgression. Data available on these
transgressive sequences are summarized in table 1.

BOREHOLR PB-1
Sediments

Borehole PB-1, which was drilled approximately
in the middle of Prudhoe Bay, cored 28.5 m of
Pleistocene and Holocene sediment. The basal 22.2 m
of sediment (31.2 to 9.0 m below sea level) is outwash,
whieh consists of 2.2 m of sandy gravel, 2.5 m of fine
sand, 6.5 m of openwork gravel, and 11 m of pebbly

Table 1. Quaternary marine transgressions in
Alaska. Data modified from Hopkins (1967),
McCulloch (1967), Brigham (1984), Brouwers and others
(1984), Carter and Brigham-Grette (in press).
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sand in which several fining-up sequences from gravel
to clayey silt were recognized. The upward fining of
the sediment represents reduction in both sediment
load and stream ecapacity as the main channel of the
Segavanirktok River moved eastward to its present
position during late Wisconsin and early Holocene
time. Above the outwash, sandy gravel fines upward
into sand, silt, and pebbly c¢lay over a 2.5-m interval,
representing a change from a beach to a nearshore
environment. The uppermost 3.8 m of sediment (6.5 to
2.7 m below sea level) consists of thinly bedded
organic and inorganic silt and clayey silt, representing
Holocene infilling of Prudhoe Bay (fig. 2). A
radiocarbon age determination of 480190 yr B.P.
{USGS-132) for detrital peat at 6.5 m below sea level
confirms the youthfulness of this sediment.

Benthic Foraminifers

Benthie foraminifers are present in samples from
near the base of the gradational interval at 8.2 m
below sea level (sample MF3614) to the top of the
sediment ecolumn at 2.7 m below sea level. Samples
MF3620 to MF3616, below 8.2 m, do not contain
benthic foraminifers (figs. 3 and 4; table 2).

Although three species of benthic foraminifers
are present in the oldest fossiliferous sample, MF3614,
Elphidium orbiculare (87 percent) dominates. Moedern
distributions of E. orbiculare suggest an upper depth
limit of less than 10 m and low salinity conditions
(Andersen, 1963; Knebel and others, 1974; McDougall,
1982, and unpublished E and R reports, 1985). The high
abundances of E. orbiculare and the presence of sandy
sediment suggest that deposition was occurring at
depths of less than 10 m in an area of low salinity lke
that near a delta. Sample MF3613 (6.7 m below sea
level) contains a more diverse fauna with ecommon
Elphidium excavatum alba (36 percent) and abundant
though slightly reduced numbers of E. orbiculare (55
percent). This faunal change indicates inereasing
water depths, slightly higher salinities, and warmer
water temperatures upsection.

The foraminiferal diversity (species per sample)
and foraminiferal number (specimens per 100 grams of
sediment) in the upper silt and clayey silt of this
borehole (samples MF3612 to MF3603, 6.8 to 3.8 m
below sea level indicate a slight increase in water
depth and (or) salinity. The benthic foraminiferal
assemblages are similar to the modern Prudhoe Bay
assemblages (Lagoe, 1979b); thus the environment
during the deposition of these assemblages and
sediments is interpreted as being less than 10 m in
depth, with highly variable salinities and water
temperatures.

The foraminiferal data suggest that the entire
fossiliferous section of this borehole is Holocene in age
and represents the Flandrian transgression. The basis
for this interpretation is (1) high abundances of
Elphidium _excavatum alba and moderate to high
abundances of E. orbiculare, and (2) rare occurrences
of E. clevatum, E. asklundi, and Elphidiella
groenlandica (fig. 4; table 2). Elphidium excavatum
albg evolved in or was introduced into the Arctic
Ocean nesr the end of the Pelukian transgression, and
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increased rapidly in abundance throughout the
Flandrian. Elphidium asklundi and Elphidiells
groenlandica, however, appear to have become extinct
or unable to tolerate the harsh Arctic environments
during the latter part of the Pelukian or Simpsonian
transgressions (K. L. Knudsen, University of Aarhus,
Denmark, oral commun., 1979). These species have
sturdy tests and their occurrence in Flandrian
sediments is believed to result from reworking of older
sediments; their tests are poorly preserved, whereas
those of the other species are well preserved. The
occurrences of £lphidium asklundi and Elphidiella
groenlandica suggest erosion end reworking of older
marine sediments in samples MF3613 to MF3608 and
MF3606 to MF3603.

Ostracodes

The oldest sample (MF3616) in borehole PB-1
containing ostracodes is at 8.2 m below sea level (figs.
2 and 5; table 3). In this sample, the ostracode species
indicate shallow nearshore waters, and slightly reduced
or fluctuating salinity. Three species dominate the
assemblage: Paracyprideis pseudopunctillata (50
percent), Heteroeyprideis sorbyana (31 percent), and
Loxoconcha elliptica (12 percent). The dominance of
the first two eurytopic species, together with the
inequitable distribution of individuals among the three
specjes, supports the interpretation of reduced
salinity. These conditions generally occur in nearshore
areas, where a river contributes fresh water. Both the
Sagavanirktok and Putuligayuk Rivers are currently
within 8 km of P3-1, and eould provide freshwater on a
seasonal basis (summer and fall). The presence of the
freshwater species Candona cf. C. candida further
suggests a nonmarine influence. Perennial reduced
salinity conditions, or at least seasonal reductions, are
also indicated in sample MF3613 (6.5 to 6.7 m below
sea Jevel), where the euryhaline species
Heterocyprideis sorbyana dominates the assemblage
(94 percent). .

The ostracode assemblage in sample MF3612 (6.2
to 6.8 m below sea level) shows the highest species
diversity and suggests that more normal marine
salinity probably prevailed at this time. Nonmarine
species are not present in thig ostracode assemblage.

Samples MF3811 to MF3603 (6.2 to 3.8 m below
gsea level) indicate an environment with seasonally
fluctuating salinities, as seen in the variable species
diversity and abundance (fig. 3). Shallow water
conditions probably prevailed throughout this
interval. Fluctuations in diversity and abundance in
these samples suggests conditions similar to the
present environment, which varies from somewhat
hypersaline in the winter and spring to brackish in the
summer and fall. Nonmarine species are not present in
these assemblages.

Summary

The sediments in borehole PB-l consist of
Pleistocene outwash (31.2 to 9.0 m below sea level
overlain by Flandrian beach and nearshore deposits (9.0
to 2.7 m below sea level). Benthic foraminifers and
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ostracodes from the sand to sandy silt at the base of
the Flandrian section indicate that water depths were
less than 10 m and salipities were low. Rare
nonmarine ostracodes were probably introduced by a
nearby river. The overlying silt and clay was also
depogited at depths of less than 10 m, but salinities
varied from hypersaline to brackish, and the nonmarine
ostracodes are absent.

BOREHOLE PB-2
Sediments

Borehore PB-2, 3 km seaward of Reindeer lsland
(tig. 1), contains a record of recent westward and
shoreward migration of the barrier island chain as well
as a record of pre-Holocene marine transgressions.
The basal section of the borehole (41.4 to 22.4 m below
sea leve)) is ocutwash consisting of 4.5 m of gravel with
a minor amount of fine plant debris and coal partieles
near the base, 4.2 m of sand with minor scattered
gravel, and 10.3 m of interbedded sandy gravel, pebbly

sand, and silt (fig. 6). Above the outwash, from 22.4 to
21,0 m below sea level, the sediments consist of sandy
gravel with shell fragments, representing a beach
deposit. Overlying the beach deposits is 8.2 m of
predominantly fine-grained late Pleistocene and
Holocene marine deposits which can be divided into
three units. Paleomagnetic analysis showed that all
samples had normal polarity, thus this entire marine
sequt)ance is younger than 700,000 years (Hillhouse,
1877).

The lowest unit clearly of marine origin (unit I) is
6.1 m thick (21.0 to 14.9 m below sea level). The
lower 5.4 m of unit I consists of massive, gray to olive~
gray clayey silt to silty clay with variable, though °
minor, proportions of fine sand and granules of granite,
quartz, chert, and dolomite. Black organic matter,
mostly peat or macerated plant fragments, occurs as
clots and thin streaks or mottles throughout this part
of the unit. The uppermost 0.7 m (15.6 to 14.9 m
below sea level) is composed of dense, stiff, brownish-
gray clay with thin beds and partings of black organic
clay that suggest inclined bedding.

Borehole PB-2 5




The second marine unit (unit ) is 1.6 m thick
(14.9 to 13.3 m below sea level) and is composed of
dense, stiff, greenish-black silt with faint mottling and
laminations of black organic silt. A thin gravel
stringer and masses of limonite suggestive of a
palteosol mark the upper boundary of this unit.

The uppermost unit (unit II) is 1.5 m thiek (13.3
to 11.8 m below sea level) and consists of interbedded
fine sand and silt, overlain by poorly sorted medium
sand with lumps of mud, shel fragments, and
oceasional pebbles. The coarser nature of the
uppermost sediments reflects the construction and
migration of Reindeer Island.

Two distinctive pebble suites occur in borehole
PB-2. One suite, dominated by limestone, black chert,
and sandstone, is derived from the nearby Brooks
Renge and composes the mainland beaches in the
Prudhoe Bay area. This suite of pebbles is found in the
pebbly sandy silt of unit L. Although the sediments are
texturally similar to glaciomarine sediments, the
pebbles are probably derived from ice which freezes to
beaches during the winter, incorporates beach
sediment, and floats away during the breskup. The
other suite, dominated by dolomite, red granite, and
pink to red orthoquartzite, is derived by ice rafting
from northern Canada; this suite is found in
Pleistocene gravel on Flaxman Island and composes the
gravel of the Midway Island barrier chain (Rodeick,
1875). The dolomite suite makes up the pebble
component of unit Il as well as the gravel stringer at
the top of unit I, Dolomite {s also a minor component
of the pebbie suite near the base of unit I.

<
]
. }
2
¢ 3 3 g
§ ¢ - & i3
5 E § 2 N M &
PO T T -
SR RS
4 s+ 3 I3
3 3 X 3 5 S N
SN R A A
E : «L. a L7 -
£ 05 = 1S i3
I T3
IS I U S S
T e & PN Py P
» PF3603 | X
o>
U NF3608 s
Z w3608 ) wy §
WX NEI608 ! 5o &
oo
% 2 #F3610 63
S :‘
k4 [~}
g3 g
= a #MF36t1 .2 .
£ 2 w612 s ¢
= I w3613 er B
« -~ W
— < x
- - z
= & z
Lo [ ¥
v w .]-:‘
3 &
& 8
:‘ =
WF3616 8.3

o 100 PERCENT
—

4. Distribution with depth and relative
abundance of selected benthic foraminiferal species in
borehole PB-1. Abundances are given as a percent of
total foraminiferal fauna {see table 2 for actual
values).
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Benthic Poraminifers

At least three distinet benthic foraminiferal
assemblages are present, indicating that sedimentation
was not continuous in PB-2 (figs. 7 and 8; table 4). The
three groups are (1) samples MP3841 to MF3633 (20.8
to 15.0 m below sea level); (2) samples MF3832 to
MP3I631 (14.3 to 13.7 m below sea tevel); and (3)
MF3629 and MP3628 (12.9 to 11,9 m below sea level).
Environmental conditions and age interpretations
suggested by these faunal groups are (1) a middle
neritic fauna representing the Pelukian transgression;
(2) a cool inner neritic fauna typical of the Simpsonifan
transgression; and (3) a shallower inner neritic fauna
representing the Flandrian transgression. The
youngest faunal group s affected by the migration of a
barrier island. Foraminifers are absent in samples
MP3651 to MF3642 (38.7 to 20.7 m below sea level).

The oldest faunal group oceurs in sediments
deseribed as unjt I. The oldest sample in this faunal
group, MF3641, contains a diverse neritic benthic
foraminiferal fauna similar to middle neritic modern
Arctic assemblages (Anderson, 1963; Cooper, 1964;
Echols, 1974; Lagoe, 197%a, b, 1980; MeDougall, 1982).
Although species of Elphidium dominate, Cassidulina
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Figare 5. Distribution with depth and relative
abundance of selected ostracode species in borehole
PB-1. Abundances are given as a percent of total
ostracode fauna (see table 3 for actual values);
nonmarine species include a rare occurrence of
Candogra cf. C. candida.
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Figure 6, Lithology and palecenvironment of
transgressive sequences ln borehole PB-2 (see

fig. 2 for explanation).

islandica {average 12 percent) and Cassiduling
norcrossi (average 19 percent) are common. The
abundance of these two species suggests that water
depths were between 15 and 40 m. The rare
occurrence of Stainforthia concava (average 1 percent)
suggests that depths were greater than or close to 40
m (Echols, 1974, and unpublished data), The increasing
diversity (average 12? and foraminiferal number
(average 207), and the consistent and slightly higher
abundances of Cassiduling norerossi, C. islandica, and
Stainforthia concava indicate that water depths
inereased throughout the deposition of unit I. Rare
species in this interval include many forms that prefer
quiet (less turbid) bottom conditions and slowly
accumulating mud or clay. Quinqueloculinids and some
elphidiums (E. bartletti and E. excavatum alba) are
present as rare species in the pebbly mud and are
probably transported from a shallower, more turbid
environment.

The next vyoungest faunal group, MF3632,
MF 3656, and MF3631, occurs in the upper part of the
stiff eclay. Samples MF3656 and MF3631 have
moderate foraminiferal numbers (average 340) whereas
sample MF3632 has a high foraminiferal number (27936
specimens), Diversity is low in all three samples
(average 9). Benthic foraminifers indicate that
deposition occurred at water depths between 10 and 20
m. This interpretation is based on abundant and
diverse elphidiums, moderate abundances of Buceella
frigida, and the absence of any diagnostic middle shelf
species. The presence of Elphidium incertum suggests
slightly cooler water temperatures than during the
Pelukian or the Flandrlan. The rare occurrence of E,
excavatum alba indicates that temperatures were
warmer than during the glacial eyeles and that this
assemblage is younger than Pelukian. These combined
lines of evidence suggest that unit T, samples MF3832
to MF36831, represents the Simpsonian transgression.

Foraminiferal agsemblages in the youngest faunal
group, MF3629 and MF3628, suggest decreased water
depths.  Elphidiums dominate, Buccella frigida is
absent, and cassidulinids appear rarely in sample
ME3629, probably as the result of reworking of older
sediments. Elphidium albjumbilieatum appears as a
rare species (4 percent), and this occurrence plus the
faunel characteristics deseribed above suggest water
depths of 10 m or less. The shallower water depths
and the increase in the sand component are believed to
be the result of the development of Reindeer Island
during the Holocene.

Ostracodes

Samples MP3641 to MF3637 {from 20.8 to 16.2 m
below present sea level contain a distinet ostracode
assemblage characteristic of deep {(greater than 20 m)
and (or) cold water (fig. 9; table 5). The oldest sample,
MP3641 at 20.8 m, contains Krithe glacialls, an
ostracode of Atlantic affinity, which occurs in open
marine waters of normal salinity. Rabilimis mirabilis
first appears in sample MF3652 (20.5-20.7 m below sea
level); this species i3 representative of frigid to
subfrigid climates of the modern Arctic region, and
lives in waters deeper than 20 m with near-normal

Borehole PB-2 7
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Figure 7, Benthic foraminiferal and ostracode abundance and diversity in borehole PB-2 (see figs. 2 and 3 for

explanation).

salinity. This interval is therefore interpreted as

representing the
transgression,

when

early part of
sed

the Pelukian

level was higher and

temperatures were colder than at present and an
Atlantic water mass invaded the Beaufort Sea.

The species diversity and abundance increases
from one valve representing one species (sample

8 Borehole PB-2

MF3637) to 30 valves representing three species in
sample MF3636 (16.2 m below sea levell. These
greater abundance values and higher diversities are
also observed in samples MF3655 and MF3635 (16.2 to
15.7 m below sea level) which are just below the stiff
cley of unit L  The species ocecurring in MF3636,
MF3855, and MF3635 are the same as those species
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8. Distribution with depth and relative
abundance of selected benthic foraminiferal species in
borehole PB-2 (see fig. 4 for explanation). Species
values are given in table 4.

reported in the older samples of this borehole, with the
addition of Cytheropteron montrosiense. The latter
species {s characteristic of open marine conditions and
inner to middle neritic depths. Samples MF3634 and
MF3633 record a large drop in total abundance but the
faunal composition remains characteristic of more
open marine, deeper water with a strong Atlantic
influence.

In sample MF3632 (14.3 m), a major faunal
change occurs: abundance and diversity values shift
markedly, and species composition is different. The
new gssemblage is similar to modern Arctic conditions:
shallow water, nearshore, possibly with seasonally
fluetuating salinities.  Species diversity increases
upsection from sample MF3632 and probably indicates
@ progressive increase in overall environmental
stability.,  Such stability is often a function of
increasing depth; in this case, it is probably related to
a rise in eustatic sea level.

Ostracode taxa in the uppermost two samples,
MF3629 and MF3628 (between 12.9 and 11.9 m below
sea level), reflect slightly shallower water than the
interval immediately below. The species diversity
remains moderate (5 to 7), and the presence of more
normal marine species (Normanicythere leioderma and
Cytheropteron montrosiense) suggests fairly stable
temperature and salinity conditions and water depths
in the inner neritic depths.

Pollen

Pellen analysis of core samples provides some
information on the age of the sediments. Nelson
(1979) assigned samples below 14.7 m below sea level
to the Sangamon interglacial (Nelson's zone i) and his
two samples above 14.3 m to zone @, which he called

"questionably" Holocene, and argued that they more
likely represent pre-Wisconsin sediments with some
Holocene materigl mixed into them by bioturbation.
Nelson's zone i corresponds to our unit I, and his zone
Q to our unit I Our unit II was not represented in his
study. Unit I is thus assigned to the Sangamon
interglacial and unit II to the Holocene. A bulk core
sample from the top of unit I yielded a radiocarbon
age of 18,000+170 yr. B.P. (USGS-182). If the
radiocarbon date truly reflects the age of the
sediments, no marine fauna should have been present,
becauge sea level at that time would have been at
least 90 m below present sea level, leaving this part of
the shelf dry land. Hopkins (1978) instead interpreted
this date as representing a mixture of Flandrian and
older materigl. Unit I then probably represents the
late Sangamon to early Wisconsin Plaxman Member of
the Gubik Formation.

Summary

The basal sand and gravel of borehole PB-2 is
interpreted as Pleistocene outwash. This unit is
overlain by beach and nearshore deposits interpreted
as Pelukisn. Sediments in the upper part of the
borehole are divided lithologically into units L, I, and
IOI. Sedimentologic and microfossil interpretations
indicate that unit I was deposited during the Pelukian
transgression at middle neritic depths and that water
depths, water temperatures, and salinity increased
upsection. Unit II was deposited at inner neritic
depths (10-20 m) during the Simpsonian transgression
or some other transgression during the Wisconsin
glacial. Water temperatures were cooler and salinities
more variable during unit 0 time than during unit I
time. The basal sample of unit II shows a dramatic
peak in the abundance of both foraminifers and
ostracodes, which may reflect a mixing of older and
younger faunas or a reduction in the sediment influx.
Unit II is Holocene in age. Benthie foraminifers and
ostracodes suggest that deposition occurred at water
depths of 10 m or less. Benthic foraminiferal
assemblages reflect the local shallowing due to
construction of a nearby barrier island chain whereas
the ostracodes seem to reflect the regional position of
this borehole outside the barrier island chain and the
influence of more stable open marine conditions.

BOREHOLR PB-3
Sediments

Borehole PB-3 was drilled 6 km north of the West
Arco Dock and penetrated 44.1 m of sediment. The
basal 35.8 m is a coarsegrained, nonmarine sediment
overlain by 3.4 m of beach deposits and 4.9 m of
marine sand and mud (fig. 10). Detrital peat, wood
chipg, coal, and twigs are present in the sand to
gravelly sand between 50.0 and 32.5 m below sea level,
suggesting that this part of the gravel sequence is
alluvium. Detrital peat from 47.1 to 46.5 m below sea
level yielded a radiocarbon age of 34,000%2,100 yr.
B.P. (USGS-210). ‘The large counting uncertainty
suggests that this is a minimum age for the enclosing

Borehole PB-3 9
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Figure 9. Distribution with depth and relative abundance of selected ostracode species in borehole PB-2 (see fig.

5 for explanation). Species values are given in table 5,

sediment, and the unit &8 beyond the range of
radiocarbon dating. Muddy sandy gravel and gravelly
sand fining upsection into pebbly sand and sand
characterize the interval from 32.5 to 14.2 m. This
interval is devold of organic detritus and is interpreted
as glacial outwash. This unit appears to be continuous
with pre~S8angamon outwash in PB-2, supporting the
antiquity of the underlying alluvium. Pebbly shelly
sand found between 14.2 and 11.9 m is interpreted as
beach 3sediments deposited during the Pelukian
transgression on the basis of its similarity to the
pebbly sangd to pebbly clay at the base of the Pelukian
sections in PB-2 and PB-8, and on the basis of the
results of seismic interpretation. The base of the
Flandrian is represented by a beach or lag deposit of
muddy gravel to pebbly sand 1.1 m thick. Shell
fragments are present throughout the gravel and sand,
and a shell of Macoma belthica was collected near the
top of the pebble szand. One meter of black
bioturbated organic-rich saendy silt to sandy clay,

10 Borehole PB-3

overlain by 0.6 m of black shelly silt to clay and 3.3 m
of laminated silty fine sand and organic silt with
occasiongl interbeds of medium sand, make up the unit
between 10.8 and 5.8 m below sea level. The presence
of M. balthica, which prefers brackish environments,
and the blaek, organie—rich nature of the sediments
overlying it indicate that an estuarine or lagoonal
environment existed at this site early in the Flandrian.

Benthic Foraminifers

The oldest benthic foraminiferal assemblage in
PB-3 (MFP3664, 10.7 to 10.9 m below sea level) contains
only two poorly preserved specimens of Elphidiella
groenlandica (figs. 11 and 12; table 6).
Stratigraphically higher samples MF3662 and MF3683
contain E. groenlandica in association with a more
diverse and abundant fauna. Reworked specimens and
high abundances of E. groenlandica characterize the
tirst foraminiferal fauna above the beach deposits in
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Figure 10. Lithology and paleo-
environment of transgressive
sequences in borehole PB-3 (see
fig. 2 for explanation).

PB-1, PB-5, PB-6, and PB-7. Thus, the presence of E.
groenlandica is here interpreted as reworked from
older sediments during the initial phase of the
Flandrian transgression.

An abundant and diverse foraminiferal
assemblage appears in sample MF3871 (10.6-10.8 m
below sea level). Species dominance is distributed
among several species of Elphidium (E. bartletti, E.
clavatum, E. frigidum, and E. orbiculare), Elphidiella
groenlandica (probably reworked), and Buceella frigida
(10 percent). These abundances indicate that water
depths were probably between 10 and 20 m.

Benthie foraminiferal assemblages throughout
the remainder of the marine section (MPE3863 to
MF3658) are similar to the living faunas of Prudhoe
Bay and the inner shelf areas of the Beaufort Sea
(Behols, 1964; Lagoe, 1979b, 1980; McDougall, 1982).
Eiphidium orbiculare and E. excavetum ailba dominate
the assemblages, and E. clavatum is common in some
of the samples. The abundance of the elphidiums
indicates shellow nearshore waters with depths
probably never much greater than 10 m. The rare
occusrrences of the lsgenids, fissurinids, poly~
morphinids, and arenaceous foraminifers suggest that
marine conditions were relatively quiet during the
deposition of this interval. Moderate abundances of
quinqueloculinids (24 percent) in sample MF3669,
however, suggest more turbid water.

Ostracodes

Ostracodes in samples MF3664 to MF3660 (10.9
to 7.6 m below present sea level indicate shallow
marine conditions. In the oldest sample, MF3664, the
ostracode assemblage I8 small, consisting of four
valves representing three species: Rabilimis
septenfrionalis, Sarsicytheridea bradii, and
Paracyprideis pseudopunctillate. From sample MF3664
to ME3663, the ostracode assemblage becomes more
abundant and diverse (figs. 11 and 13; table 7) probably
indicating more stable and normal salinities than in the
previous samples. Samples MF3663 to MF3660 (10.1 to
7.6 m below sea level) reveal a progressive decrease in
abundance and species diversity. All of the samples
are dominated by two of four species, Paracyprideis
pseudopunctillata and either Rabilimis septentrionalis,
Sarsicytheridea bradii, or Heterocyprideis sorbyana.
This fauna is typical of that found today in shallow,
nearshore Prudnoe Bay with seasonally fluctuating
salinities and water temperatures. Low species
diversity, fluctuating abundance, and species
composition suggest marginal to normal marine
salinities in samples MF36860 to MF3863. The presence
of nonmarine elements such as Chara, seeds, and plant
debris suggests a fluvial influence. Borehole PB-2 is
geographically close to the Putuligayuk and
Sggavanirktok Rivers, which may account for the
nonmarine elements and reduced salinity.

Species diversity and abundance are higher in the
uppermost two samples, MF3658 and MF3669 (5.9~6.5
and 6.7-7.0 m below sea level), suggesting normal
marine conditions. Normal merine salinity is implied
by the presence of Cytheropteron montrosiense,
Palmanella limicola, and Cytheropteron sp, B. The
environment may have changed by a slight increase in

Borehole PB-3 11
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Figure 11, Benthic foraminiferal and ostracode abundance and diversity in borehole PB-3 (see figs. 2 and 3 for

explanation).

water depth, or alternatively, by the loss of fluvisl
input due to changes in output or direction of nearby
rivers.

Summary

The sand and gravel that make up the bulk of
sediments in borehole PB-3 are interpreted as alluvium
(50.0 to 32.5 m below sea level) and glacial outwash
(32.5 to 14.2 m below sea level). Pelukian beach and
nearshore pebbly sand to sand (14.2 to 11.9 m below
ses level) and Flandrian beach or lag deposits (11.9 to
10.8 m below sea level) overlie the outwash. Overlying
the beach deposits is a sequence of interbedded
fossiliferous silt, clay, and sand deposited at inner
neritic depths (0 to 20 m) under conditions of
seasonally fluctuating salinities and temperatures
similar to those found presently in Prudhoe Bay.

12 Borehole PB-5

BOREHOLE PB-5
Sediments

Borehote PB-5 was located in shallow water
slightly seaward of the shoal separating Prudhoe Bay
from the Beaufort Sea (fig. 1), and penetrated 10 m of
sediments (fig. 14). The basal unit, from 11.8 to 10.7
m, consists of sandy to muddy pebble gravel,
interpreted as beach and nearshore deposits, overlain
by 0.9 m of fine to medium sand with interbeds of
black organic clay and siit. Based on seismic
interpretations, the absence of characteristic Flaxman
Member lithologies, and the similarity to basal
deposits of unit I in PB-2, PB-3, and PB-8, this unit is
believed to have been deposited during the Pelukian
trangression.

From 9.8 to 8.8 m below sea level, the sediment
consists of pebbly fine to medium sand with minute
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Figure 12. Distribution with depth and relative
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mollusk fragments, interpreted as Flandrian nearshore
deposits. The sand Is overlain by laminated silt and
clay with oceasional sandy interbeds from 8.8 to 4.6 m,
and fine sand with laminae of silty sand from 4.6 m to
the top of the sediment column at 1.8 m below sea
level. The increasing percentage of sand in the upper
few meters reflects the growth of the present-day
shoal.

Benthic Poraminifers

Poraminiferal assemblages form two distinet
groups (figs. 15 and 16; table 8): MP4155 to MF4329
(10.7 to 9.8 m below sea level) and MF4151 to MF4148
(9.6 to 2.8 meters below sea level). The lower group of
samples represents a deeper water foraminiferal
assemblage than the upper group, and probably
represents the Pelukian transgression. The upper
group of assemblages represents the initiation of the
Flandrian transgression (MF4150 and MF4328), a
gradual deepening (MF4326), and finally & shallowing
(MF4325, MF4149, and MP4148).

The lowest foraminiferal group, MFE4155 to
MF4329 (10.7 to 9.8 m below sea level), oeceurs in &
clay unit. Elphidium orbiculare (average 57 percent)

Borehole PB-5 13
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dominates these assemblages and secondary species
include other elphidiums such as E. excavatum alba, E.
clavatum, and E. bartletti. Abundances of Buecella
frigida (7 percent) and polymorphinids (6 pereent) as
well as the rare appearance of Cassidulina islandica
and Lagena gracillima suggest that water depths were
between 10 and 20 m. The low abundance of E.
excavatum alba (averaging 10 percent) indicates that
temperatures were slightly cooler than at present or
that the sediments are Pelukian. The absence of E.
ineertum indicates temperatures were warmer and (or)
salinities higher than during the Simpsonian or a
middle Wisconsin transgression. Foraminiferal
assembleges in samples MP4155 to MF4329 gre
therefore interpreted as representing the Pelukian
transgression.

Above the beach deposits (9.0 to 8.3 m below sea
level), Elphidium orbiculare dominates the fauna
(samples MF4150 and MF4328), suggesting water
depths of 10 m or less with low or variable salinities.
Moderate abundances of poorly preserved Elphidiella
groenlandica and Elphidium ef. E. asklundi indicate
erosion and reworking of older sediments. Reworking
may also explain the presence of Cassiduling teretis,
whieh is normally associated with deeper, more stable
(constant temperature and salinity) waters. Upseetion,
the benthic foraminiferal assemblages become more
abundant end diverse, indicating an increase in water

14 Borehole PB-5
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depth, temperature and (or) salinity. The warmer
water varignt, Elphidium excavatum alba, and E.
orbiculare dominate these younger assemblages.
Buccella frigida (45 percent) becomes the dominant
species in MF4328, and a few specimens of
Quinqueloculina aretica appear. This change in faunal
composition suggests that water depths probably
increased to greater than 10 m and were of normal
salinities and slightly turbid. Although the youngest
samples (MF4326 to MF4148) contain progressively
fewer specimens, the numbers of Elphidium increase
and the sediments are sandier. These factors suggest a
decrease in water depths, probably as the result of the
growth of Gull Island and the associated shoal.

Ostracodes

The oldest sample containing ostracodes,
MF4155, was teken at 10.6-10.7 m below sea level
(figs. 15 and 17; table 9). Five ostracode species are
present: Paracyprideis pseudopunctillata,
Cytheromorpha macchesneyi, Pontocythere sp. A,
Sarsieytheridea bradii, and Heterocyprideis sorbyana.
This combination of species indicates shallow,
nearshore water, probably with at least seasonally
reduced salinity. Sample MF4154 (10.5-20.6 m below
sea level) contains a similar assemblage, reflecting an
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Figure 17. Distribution with depth and relative abun-
dance of selected ostracode species in borehole PB-5
(see fig. 5 for explanation). Species values are given in
table 9. Nonmarine ostracodes include Candona sp.,

Cyprid SPay Cyprinatus SP-y Dyocypris  sp.,
Limnocytbere liporeticulata, and Limnocythere sp.

essentially identical environment. The presence of the
alga Chara in these samples suggests some nonmarine
input.

Species diversity and abundance increase in
samples MF4152 and MF4329, indicating a slightly
more stable environment; the co-occurrence of
Pontocythere sp. A and Cytheropteron montrosiense
suggest that slightly more normal marine salinities
exist in this interval.

Samples MF4151 and MF4150, from 9.6 to 8.9 m
below sea level, are teken from what has been
interpreted as nearshore pebbly sand. Ostracode
species  present in these samples include
Sarsicytheridea bradii, Rabilimis septentrionalis,
Cytheretta teshekpukensis, Cytheromorpha
macchesneyi, and Loxoconcha venepidermoidea. These
are shallow-water species that live in nearshore
conditions.

The remainder of the borehole, from sample
MP4328 to MF4148 (8.4 to 2.8 m below sea level),
contains a typical Prudhoe Bay assemblage. The
interval from sample MF4325 to MF4148 (4.4 to 2.8 m
below sea level) reveals a continuous decline in species
diversity and abundance to the most recent sample.
The assemblages are dominated by Cytheromorpha
macchesneyi, Heterocyprideis sorbyana, and Rabilimis
septentrionalis. The dominance by these few species
and the unequal distribution of individuals among
species suggests fluctuating salinities, probably on a
seasonal basis as prevails today. The presence of the
nonmearine ¢yprid 8p., Limnoeythere liporeticulata, and
Cyprinotus sp. confirms the nearshore conditions,
particularly in the uppermost samples.

The decline in species diversity and abundance
trends from samples MF4325 to MF4148 (4.4 to 2.8 m
below sea level) may indicate gradually decreasing
water depth, with consequent seasonal instability in
the physiochemical environment. The sediments in
this interval consist of fine silty sand, and have been
interpreted as representing the formation of Gull
Islend shoal.

Summary

Overlying the gravel interpreted as Pelukian
beach deposits in PB-5 are sand and organie silt.
Microfossils indleate a progressive increase in water
depth and distance from shore in the sand and organie
silt interval (samples MF4155 to MP4329). This
interval is thus assigned to the Pelukian
transgression. The overlying sand, silt, and clay (9.8 to
2.8 m below sea level) represents the Flandrian
transgression. Microfaunas indicate that water depths
inereased from less than 10 m to 10-20 m and then
decreased as Gull Island shoal was formed.

BOREHOLE PB-6
Sediments

Borehole PB-6 was drilled near the elbow of the
West Arco Dock and cored 28.8 m of sediment (figs. 1
and 18). The basal unit (30.7 to 26.4 m below sea
level) consists of interbedded sand, coarse pebbly sand,

Borehole PB-§ 15
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9020+90 yr 8.P,

and pebbly gravel, with abraded wood fragments and
twigs lessening in abundance upsection. This unit is
interpreted as alluvium of middle Pleistocene sge.
Overlying the alluvium Is a 12.4-m-thick sequence of
coarse, clean, subrounded gravel and sandy gravel with
a few thin interbeds of coarse sand. The absence of
organic debris or shell fragments, along with the
subrounded nature of the gravel, suggest that these
sediments represent glacial outwash, apparently
continuous with pre-Sangamon outwash in PB-2 and
PB-3. Above the outwash, from 14.0 to 10.5 m below
sea level, the sediments consist of a 2.5-m-thick
sequence of interbedded sand and poorly sorted sandy
to silty gravel overlain by 1.0 m of plastic clay and
sandy clayey silt. This sequence Is interpreted as
alluvium of probable Sangamon age. A 4.9~-m-thick
bed of pebbly gravel with interbeds of fine to medium
sand representing late Wisconsin outwash overlies the
clay and sandy mud. One meter of clean, well~rounded
gravel grading up Into medium sand with an abundance
of shell fragments is thought to represent Flandrian
beach to nearshore deposits. The uppermost 2.7 m of
sediment (4.6 to 1.9 m below sea level) consists of
interbedded fine to medium sand and silty fine sand,
with minor amounts of peat. These sediments are
interpreted as Flandrian delta-front deposits, and their
youth is confirmed by a radlocarbon age of 9,020+90
yr. B.P. (USGS-783) obtained from a detrital peat lens
at 2,7 m below sea level.

Benthic Foraminifers

Benthie foraminifers are present from 2.5 m
below sea level to the sediment~water Interface
(samples MF4157, MF4330, and MF4156) and are
absent from older sediments (figs. 19 and 20; table
10). Diversity and foraminiferal number increase
upsgection. hidium excavatum alba and E.
orbiculare dominate the assemblages and suggest that
deposition occurred in shallow nearshore water with
conditions similar to the present Prudhoe Bay. Rare
reworked Pelukian specimens are present in samples
MF41568 and MF4330. Although representative of
shallower conditions, the depth and faunal trends in
PB-6 are nearly identical to those seen in PB-1,

Ostracodes

Ostracodes oceur from 3.9 to 1.9 m below sea
level In the borehole (figs. 19 and 21; table 11).
Samples MF4159 to MF4330 (3.7 to 2.1 m below sea
level) suggest shallow nearshore conditions, with
marginal marine to normal marine salinity. A trend of
increasing species diversity and abundance (fig. 19)
oceurs In the upper three samples (MF4157, MF4330,
and MF41586).

The ostracode assemblage in the youngest
sample, MF4156 (1.9 m below sea level), is assumed to
represent the modern population living at this
location. The sample contains seven specles
represented by 115 valves; Cytheromorpha
maecchesneyi (51 percent) and Heteroeyprideis
sorbyansa (31 percent) dominate the assemblage. The
fauna is very typical of a modern shallow-water
nearshore environment of the Beaufort Sea. The
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dominance by two species and the assemblage
composition suggest somewhat reduced salinities, at
least on a seasonal bagis. This interpretation of
reduced salinity and proximity to shoreline is
supported by the presence of Limnocythere sp., a
nonmarine form (fig. 21).

Symmaery

Sediments in borehole PB-6 record several
episodes of alluvial to glacial outwash deposition,
followed by Flandrian beach and shallow nearshore
marine sediment. Benthic foraminifers and ostracodes
in the marine sediment indicate that in the Flandrian
water depths increased slightly upsecetion and that
environmental conditions became inereasingly more
stable, although still fluctuating on a seasonal basis.

BOREHOLE PB-7
Sediments

Borehole PB-7, located 3.3 km from the mainland
shore of Steffanson Sound, penetrated 65.4 m of
sediment, the greatest depth attained in the PB
drilling project (figs. 1 and 22). Seven units can be
recognized in this hole. The lowermost unit (68.2 to
57.8 m below sea level) congists of 4.8 m of
interbedded silty sand and clayey silt, overlain by 5.6
m of coarse sandy gravel with interbeds of clayey silty
sand. The ceommon to sabundant organic detritus
throughout the unit suggests that it is alluvium. The
second recognizable unit (57.8 to 37.3 m below sea
level) is characterized by interbedded coarse sand and
gravel with occasional traces of detrital wood and
minor silty sandy interbeds, and is interpreted as
outwash. The third unit, from 37.3 to 27.4 m below
sea level, oconsists of 6.8 m of interbedded poorly
sorted sand, coarse gravel, and sandy silt, overiain by a
3.1-m-thick fining-upward sequence of poorly sorted
coarse gravel to medium sand. This unit is rich in
detrital wood, and {8 interpreted as middle Pleistocene
alluvium. Prom 27.4 to 13.6 m below sea level, the
gsediments are interbedded coarse, poorly sorted
gravel, sandy gravel, and pebbly sand, representing
pre-Sangamon outwash. Pebbly sand to sand from 13.6
to 11.0 m below sea level i3 interpreted as alluvium. A
0.3-m interval of pebbly sand with plant fragments and
wood chips from 13.8 to 13.3 m yielded a radiocarbon
date of 42,800 + 1,440 yr. B.P. (USGS-249). As was the
case with the radiocarbon date from PB-3, this is
probebly an infinite" date, and the unit probably
represents Sangamon alluvium, based on its
stratigraphic position. The sixth unit, from 11.0 to 7.4
m below sea level, consists of gravelly sand to muddy
sandy gravel, with a 0.4-m-thick interval of sand. This
unjt probably represents late Wisconsin outwash. The
seventh unit (7.4 to 2.9 m below ses level) consists of
0.6 m of pebbly sand with numerocus shell fragments, a
few twigs, shreds of bark, and a few ventifacted
pebbles, and 3.9 m of interbedded silty sand and clayey
silt with clots and thin beds of detrital peat near the
base. The lower sediments in this unit are interpreted
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Figure 23. Benthic foraminiferal and ostracode abundance and diversity in borehole PB-7 (see figs. 2 and 3 for explamation).

as beach or lsg deposits. The upper sediments are
interpreted as a Flandrlan nearshore marine deposit.

Benthic Foraminifers

Flandrian benthic foraminifers are present in

samples from 8.8 m to the sediment-water interface at

2.9 m (figs. 23 and 24; table 12), The oldest

fossiliferous samples (MF4169 and MF4170), just above

the beach gravel, contain rare benthie foraminifers.

Elphidium orbiculare dominates these samples and

indicates shallow nearshore depths (10 m or less) and

low salinities. The rare worn specimens of Elphidiella

28 groenlandica occurring here have probably been

reworked from older marine deposits. These

assemblages are typical of the first foraminiferal

assemblage to be established at the onset of the

Flandrian trangression end are present in other

boreholes in which this transgressive event is
preserved.

The benthic foraminiferal fauna is more
abundant and diverse in the overlying samples, MF4168
to MF4165, High sbundances of Elphidium clavatum,
E. orbiculare, and E. excavatum alba indicate a slight
increase in water depth. The slightly lower
abundances and lower diversity in the uppermost

0 100 PERCENT samples MF4165 and MP4133 may be due to shoaling
associated with the development of Stump Island. The
occurrences of E. albiumbilicatum indicate that water

Figure 24. Distribution with depth and relative  depths were not much greater than 10 m. Elphidium
abundance of selected benthic foraminiferal species in  alplumbilicatum also indicates reduced salinities in the
borehole PB-~7 (see fig. 4 for explanation). Species upper samples whereas the occurrences of
vahies are given in table 12. quinqueloculinids in the lower part of this intervel
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Figure 25. Distribution with depth and relative

abundance of selected ostracode species in borehole
PB-7 (see fig. 5 for explamation). Species values are
given in table 13, Nonmarine species include Candona

sp., Cytberissa lacustris, Ilyocypris sp., and
Limnocythere sp.
indicate normal salinities and turbid waters, Evidence

for reworked older deposits occurs sporadically
throughout the core as indicated by the presence of
Eiphidiella groenlandica and Elphidium cf. E. asklundi,

Ostracodes

The oldest sample in the borehole that contains
ostracodes is MF4189, at 6.5-6.8 m below sea level;
the sample contains a single valve of Paracyprideis
pseudopurnictillata. More diverse and abundant
assemblages occur from 6.5 m to 2.9 m and suggest
shallow-water nearshore conditions, with seasonally
fluctuating salinities (figs. 23 and 25; table 13). The
presence of several nonmarine species (Llyoeypris sp.
and Cytherissa lacustris) indicates a nonmarine input
from the coast.

From 6.8 m to 3.8 m below sea level (samples
MF4169 to MF4166), the trend is for gradually
inereasing abundance and species diversity %fig. 23).
FProm sample MF4334 to MP4166, the change in species
diversity and assemblage composition suggest that
environment was more stable, possibly due to a rise in
eustatic ses level. The onset of this stability in water
mass condition is seen in the change from shallow
nearshore marginal marine conditions at sample
MF4168 to more normal marine deeper water (deeper
inner neritie) conditions at sample MF4166. The
presence of Pontocythere sp. A, Eueythere declivis,
and particularly Roundstonia globulifera confirm the

20 Borehole PB-8

normal marine, and most probably deeper water,
environment that cecurs in sample MF4166.

Above 3.8 m below sea level, the ostracode
assemblages show a progressive decrease in species
diversity and abundance. This may be due to a gradual
decrease in water depth, most likely due to shoaling
related to the formation of the adjacent Stump Island.

The uppermost sample, MF4165, at 2.9 m below
sea level, contains an ostracode assemblage typical of
an Arctic shallow-water nearshore environment,
probably with seasonal reductions in salinity.
Rabilimis _ septentrionalis (31.2 percent) and
Cytheromorpha macchesneyi (30.3 percent) dominate
the sample. The presence of the nonmarine species
Candona sp. and Limnocythere sp. indicate proximity
to land influences (either Stump Island or more
probably, the main ecoast).

Summary

The basal 57.2 m of sediment in borehole PB-7
consists of clayey sand to coarse gravel, representing
alternating alluvium and outwash of early to late
Pleistocene age. Flandrian beach deposits (7.4 to 6.8
m below sea level) and nearshore marine sediments
(6.8 to 2.9 m below sea level) overlie the nonmarine
sequence. Benthic foraminifers and ostracodes
indicate that the water depths were inner neritic (0-20
m) throughout the marine interval. Both benthic
foraminifers and ostracodes decrease in abundance and
diversity during the development of Stump Isiand, but
they return to typical inner neritic faunas in the upper
part of the section.

BOREHOLE PB-8

Sediments

Borehole PB-8 js located approximately } km
south of Reindeer Island and 11,5 km north of the West
Arco Dock (fig. 1). It penetrated 25.4 m of sediment,
consisting of 14.1 m of marine clay, silt, and send
overlying an 1.3-m-thick nonmarine unit of sandy,
coarge to pea-size gravel with a few Interbeds of
clgyey fine sand in its upper 2 meters (fig. 26). Except
for a trace of woody fragments at 24.5 m below sea
level, the gravel is barren of organic material end is
interpreted as glacial outwash.

The marine sediment can be divided into three
units, The basal unit (21.1 to 15.4 m below sea level)
is composed of 2.8 m of sandy pebbly clay or clayey
gravel with an abundance of shell fragments, overlain
by 2.9 m of dark-gray to olive-black organic—rich clay
interbedded with pale-yellow-brown silty clay to sandy
clayey silt. Oeccasional pebbles and shell {fragments
are present in the clay and silt. The second marine
unit is 2.5 m thiek (15.4 to 12.9 m below sea level) and
consists of 1.9 m of soft olive-black to dark-gray clay
with scattered shell fragments and stringers of black
organicrich clay, overlain by 0.6 m of dark-gray silty
clay with lenses of silty fine sand. The uppermost
marine unit is 5.9 m thick (12.9 to 7.0 m below sea
level), and consists of 1.3 m of clayey sandy silt with
lenses and thin beds of silty fine sand, 1.2 m of silty



sand, and 3.4 m of silty clayey sand. Shells and shell
fragments occur throughout the unit, and peaty lenses
are present in the uppermost 2 meters, Similarities in
sediment texture, faunal characteristics, and pollen
spectra suggest that these three marine units correlate
with units I, II, and III in borehole PB-2 {fig. 6).

Benthic Foraminifers

Benthic foraminifers renge from rare to
abundant in PB-8 (figs. 27 and 28; table 14). The
variation in abundance correlates with changes in the
lithology and with the various transgressions. High
diversities and high abundance characterize the sandy
clays from MFP4199 to MF4171 (13.0 to 7.0 m below sea
level). These assemblages contain abundant elphidiums
and other species typical of present~day conditions and
indicate the Flandrian transgression. From the base of
the fossiliferous section, sample MF4231 to sample
MF4200 (20.4 to 13.0 m below sea level), foraminiferal
agssemblages have lower abundsnces and lower
diversities and are interpreted as Peluklan.
Foraminiferal assemblages in this latter group can be
further divided into three faunal groups: MF4231 to
MF4215 (20.4 to 15.5 m below sea level); MP4214 to
MFE4209 (15.4 to 14.6 m below sea level); and MF4208
to MP4200 (14.5 to 13.0 m below sea level.
Reworking of sediment and specimens oceurs near the
base of each of the faunal groups.

A nearly complete record of the Pelukian
transgression seems to be present in this borehole.
Foraminiferal assemblages indicate (1) the onset of the
transgression (MFP4229 to MF4338); (2) the meximum
sea level rise and thermal maximum of the interglacial
(MF4226 to MF4337); and (3) the subsequent regression
and climatic deterioration (MP4220 to MP4215), The
onset of the transgression is marked by the first
benthic foraminiferal faunas, which are characterized
by low numbers of specimens (average 18) and low
diversities (average 6). Elphidiums (E. bartletti, E.
clavatum, E. orbiculare, and E. sp.) dominate the first
group (20.7 to 18.0 m below sea level and indicate
shallow water depths (less than 10 m), ecool
temperatures, and low salinities. The presence of a
few specimens of Cassidulina islandiea suggests that
conditions may have been deeper and closer to normal
merine conditions or that sea level was rising so
quickly that the shallow and deep faunas were mixed.
Higher foraminiferal numbers (everage 244), higher
diversities (average 17), the presence of cassidulinids
(principally C. islandies), and lower abundances of the
elphidiums suggest that deeper water and normal
marine conditions prevailed during deposition of the
next group (18.9 to 17.6 m below ses level). Rare
specimens of Dentalina, Lagens, and PFisgurina
corroborate that interpretation and, together with the
dominant species, suggest a depth range of 20 to 40
m. Warmer water temperatures are indicated by the
rare to few abundances of Elphidiella groenlandica.

Foraminiferal faunas suggest decreasing water
depths and climatic deterioration in the highest group
(17,1 to 15.5 m below sea level). The boundary
between thiz and the underlying group is gradational,
suggesting that the environmental change was
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2 for explanation).
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explanation).
gradual. Faunas in this interval have lower
foraminiferal numbers (average 62) and lower

diversities (average 9). There is also a decrease in the
deeper water species and warm-water indicators and a
corresponding increase in the number and diversity of
elphidiums. Quinqueloculinids are more common in
this upper group and indicate that turbid waters
existed at shallower depths.

Foraminiferal assemblages in the overlying
interval, MF4214 to MF4209 (15.4 to 14.6 m below sea
level), contain many of the same species as the rest of
the fossiliferous intervals, but the composition and
environmental implications are different. Moderate
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(see figs. 2 and 3 for

foraminiferal numbers (average 411) and diversities
(average 12), coupled with high abundances of
elphidiums and the absence of cassidulinids, suggest
inner nepitic water depths probably between 10 and 20
m. Moderate numbers of Elphidiella groenlandica
suggest interglacial conditions and probably warmer
water temperatures. The abundance of Elphidium
incertum indicates that water temperatures were
cooler than during the Pelukian or Flandrian
transgressions. Elphidium execavatum alba is not as
ecommon in these samples as in Flandrian assemblages;
in part due to the cooler temperatures and in part to
the evolutionary development of this species. The
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Figure 28, Distribution with depth and relative abundance of selected benthic foraminiferal species in borehole
PB-8 (see fig. 4 for explanation). Species values are given in table 14.

faunal composgition and environmental conditions of
this assemblage suggest that deposition occurred
during the Simpsonian transgression.

The lower diversity (average 10) and low
abundance f(average 119) of the foraminiferal
assemblages from 14.5 to 13.0 m below sea level
(MF4208 to MF4200) jndicate inner neritic water

depths (10 m or less) and cold water temperatures.
Buccella frigida and middle neritic species are rare or
absent whereas elphidiums (particularly E. orbiculare,
E. clavatum, and E. incertum) increase in abundance.
The dominance of the elphidiums also suggests that
salinity was reduced and cooler water temperatures

prevailed. The presence of various quinqueloculinid
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species in numbers greater than 10 percent indicates
more turbulent waters. Gordiospira arctica occurs
frequently in this interval (aversges 5 percent per
sample) and therefore suggests the presence of an
Atlantic water mass, Faunas in this interval are
questionably considered to be indicative of a middle
Wisconsin transgression.

FPoraminiferal assemblages {n samples MF4200 to
MF4171 (13.0 to 7.0 m below sea level) contain a
diverse, abundant fauna similar to the Flandrian Aretic
faunas. In the lower part of this intervel, elphidiums,
especiaily B, orbiculare and E. clavatum, are abundant
and are associated with rare to common ocecurrences
of Cassidulina islandica, C. norcrossi, C, teretis, and
Buccella frigida. The faunal association implles
middle neritic water depths (20 to 40 m). In the upper
part of this interval, the cassidulinids decrease and the
elphidiums and the sand component increase,
suggesting a decrease in water depth or the approach
of Reindeer Island. Elphidium albiumbilicatum,

may well be following a warmer, more saline Atlantic
water mass Introduced below the cooler, less saline
Arctic Surface water mass.

A change in assemblage occurs in samples
MF4214 to MF4202 (15.4 to 13.4 m below sea level). In
sample MF4214, the specles diversity increases to 8
and the number doubles. Sarsicytheridea punctillata
first appears commonly in sample MF4214 end is
abundant in sample MF4202. At sample MP4213 (15.4
m below sea level), Cytheromorpha sp. A and
Cytherura sp. D first appear, and Cytheropteron
paralatissimum and Cytheropteron sp. are no longer
present. These assemblage changes reflect the return
to an environment similar to the shallow water and
normal salinity of today.

From sample MF4201 to MP4192 (13.3 to 11.9 m
below sea leved), a new suite of specles appears. These
species are probably responding to slightly warmer and
(or) possibly shallower waters. Finmarchinella
curvicosta, which is circumpolar In distribution and has

appearing in this upper interval, suggests decreased
water depths and lower salinities. The apparent
shallowing is belleved to be associeted with the growth
of Reindeer Island.

Ostracodes

The oldest samples in PB-8 containing ostracodes
(figs. 27 and 29; table 15) indicate a relatively shallow
water, nearshore environment (samples MF4231 to
MF4226, from 20.4 to 18.7 m below sea level). The
ostracode assemblages have relatively low species
diversity and low abundances. The composition of the
assemblage (Parecyprideis pseudopunctillata, Rabilimis
septentrionalis, Sarsicytheridea bradii, Cytheromorpha
macchesneyi, and Heterocyprideis sorbyana) is typical
of & modern shallow-water nearshore Arctie
environment. The dominance of one or two Species
(over 50 percent) in these assemblages suggests that
conditions of reduced salinity occurred at times. The
environment implied by the species in this jnterval is
the same as that in shallow parts of Prudhoe Bay
today.

Species diversity as a whole fluctuates in
samples MF4226 to MF4215 (18.8 to 15.5 m below sea
level) but abundance progressively increases. Sample
MF4226, at 18.7-18.8 m below sea leve], contains the
first appearance of Cytheropteron montrosiense,
marking the onset of deeper water conditions and more
normal marine salinities. Sample MF4225, at 18.3-18.4
m below sea level, contains the first appearance of
Krithe glacialis and Cluthjs cluthae. These two
species presently live in the subfrigid marine climate
in the North Atlantic, Canedian Aretic, and subfrigid
Norton Sound; the appearance of these two taxa
implies that oceanic conditions became warm enough
for species from subfrigid climates to migrate and
survive in the Aretic. "Acanthocythereis" dunelmensis
and Rapilimis mirabilis appear In association with
these warmer, deeper water species in sample MF4224
{18.1 m below sea level). Another Atlantic species
that eppears in this interval is Cytheropteron
paralatissimum, oceurring in samples MF4219 and
MF4215. These immigrant species are believed to
respond to deeper and warmer water conditions, based
on their distribution in the North Atlantic. These taxa
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been reported only as a fossil In Alaska, first appears
at 13.3 m below sea level (MP4201). This species
indicates a frigid to subfrigid climate as it oceurs
above latitude 83° N, in inner to middle neritic depths
(18-75 m) In the modern North Atlantic. Its presence
may mark the onset of a refurn to modern conditions
following a glacial event.

Finmarchinella finmarchiea occurs from MF4195
to MF4192 (12.2 to 11.9 m below sea leve)). This
species i8 Arctic and boreal-Aretie (frigid to cold
temperate) and is presently known only from the North
Atlantic (both fossil and living). Its presence strongly
implies an Atlantic water mass. Speciesg diversity and
abundance decrease in this interval.

From 11.7 to 7.0 m below sea level (samples
MF4191 to MF4171), a modern cold-water assemblage
appears. The paleoenvironment s interpreted as
normal marine, shallow water, fluctuating between
inner and middle neritic depths. Many typical Arctic

marine forms ocecur In this iInterval ineluding
Pinmarchinella  eurvicosta, Eueythere declivis,
therura spp., Cytheropteron spp., Palmanella

Hmicols, and Normanicythere leioderma. The fauna is
representative of entirely normal marine salinities up
to the uppermost sample, where some nonmarine
species occur (Candona sp., Cypridopsis sp., and
Limnocythere sp.). Water depths tend to decrease
from middle neritic at sample MF4191 to inner neritie
at sample MF4171. This decrease In water depth may
be related to the formation of Reindeer Island,
Nonmarine species in sample MF4171 may also be
derived from Reindeer Island. The Interval from 11.7
to 7.0 m below sea level (MF4191 to MF4171) is
indfecative of a frigid (Arctic) climate.

Summary

Sand and gravel in the bessl part of PB-8 is
interpreted as glacial outwash. The marine pebbly
sand to silt and clay that overlies the outwash is
interpreted as ranging In age from late Pleistocene,
Sangamon to Holocene. Benthic foraminifers suggest
that four transgressions are represented: Pelukian,
Simpsonian, middle Wisconsin, and Plandrian. Both
benthiec foraminifers and ostracodes indicate that
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Figure 29, Distribution with depth and relative abundance of selected ostracode species in borehole PB-8 (see fig.
5 for explanation). Species values are given in table 15. Nonmarine ostracodes inclnde Candona sp., Cypridopsis

sp., and Limnocythere sp.

during the Pelukian transgression (sedimentary unit I,
there wes an initial phase in which the marine faunas
became established and the environment was
characterized by shallow water depths (less than 10
m), cool temperatures, and low salinities. The
remsainder of the Pelukian interval (samples MF4226 to
MF4215) is eharacterized by faunas characteristic of
middle neritic water depths (20-40 m) and warm

temperatures. Ostracodes indicate marine connections
with the Atlantic during this time. Benthic
foraminiferal faunas suggest that there was a gradual
deterioration of climatic conditions beginning in the
upper part of the Pelukian interval (samples MF4220 to
MF4215). Faunas in unit II suggest neritic water
depths ranging from 0 to 20 m and conditions similar
to modern Prudhoe Bay. Benthic foraminiferal
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explanation of symbols).

26 Conclusions

assemblages suggest this interval may represent the
Simpsonian and middle Wisconsin transgressions, and
that during the latter transgression (samples MF4208
to MF4200), waters were shallower (less than 10 m)
and cooler than at present. The benthic foraminiferal
(13.0 m below sea level) and ostracode (13,3 m below
sea level) breaks associated with the unit IT-unit I
boundary (12.9 m below sea level) refleet both the
response time, and mixing or reworking associated
with an environmental change.

Unit IO was deposited during the Flandrian at
middie neritic depths of 20 to 40 m. Subtle changes in
the interval correspord to the shallow and cool marine
waters at the beginning of the Flandrian transgression,
the influx of North Atlantic taxa when the Arctic-
Atlantic marine connection was reestablished, and
shoaling due to the formation of Reindeer Island.

CONCLUSIONS

Three major sedimentary units, ranging in age
from middle Pleistocene to Holocene, gre recognized
in the USGS-CRREL boreholes: alluvium, glacial
outwash, and ghallow to mid-shelf marine deposits
(figs. 30 and 31), Alluvium and outwash account for as
little as 9 percent to as much as 89 percent of the
sediments in these boreholes. The glacial outwash is
composed largely of coarse gravel to medium sand,



with lesser amounts of silt and clay, whereas the
alluvium is primarily fine pebbly sand to siity clay.
The gravel and sand components vary from subangular
to well-rounded, and pebble suites are similar in both
units. Both the outwash and the alluvium represent
primarily fluviel deposition, with the gravelly outwash
representing deposits of high-energy, variable output
braided streams during glacisal intervals when sea level
was lower, apd the finer alluvium representing lower
energy channel and floodplain sediments deposited
during interglacials or interstadials, with higher sea
level and lower gradient streams. Some thick sandy
intervals may represent eolian deposits, but have been
included with the fluvial deposgits as their nature and
extent cannot be determined from wash samples and as
no core samples from those intervals are available,

Sediments tentatively identifled as glacial
outwash consist of sequences as much as 22 m thick
composed of moderately to poorly sorted gravel., The
gravel consists partly of beds up to 5 em thick of
openwork pebble gravel alternating with much thicker
beds of muddy, sandy gravel, and partly of sequences
25 to 75 em thick of pebble gravel grading upward to
sand.  Much of the interpretation of the gravel
intervals is determined from wash samples, because
very few intact core samples were obtained. In the
core samples, bedding is primarily horizontal, with &
few instances where bedding appeared to dip at angles
of 15° to 36°.

Pebbles range from subangular to well rounded in
the outwash samples. Fragments in the cores indicate
that cobbles as large a8 9 or 10 em across are
present. Chert constitutes 60 to 70 percent of the
pebbles. Hard chert—quartz sandstone, siltstone, and
vein qQuartz ere consistently present in substantial
quantities, and orthoquartzite, granite, aplite, and
graywacke are minor components. Limestone is rare,
and coal, shale, and metamorphic rocks are absent.
Washed drill cuttings are dark gray, reflecting the
predominance of black chert, but undisturbed gravel in
the cores, because of the all-pervasive silt coating,
ranges in color from olive gray to yellowish brown.

Sediments identified as eluvium econsist of
sequences as thick as 17.5 m that are composed of
sand, pebbly sand, and subordinate sandy gravel. Some
parts contain plant remains, including twigs, small
wood chipsg, grass or sedge stems, and shreds of moss.
The alluvium is also generally finer grained than the
outwash gravel, but sorting is poor to moderate.
Gravel clasts in the alluvium are generally subangular
whereas the sand fraction ranges from angular to
subround. Moist colors of fresh cores through the
alluvium ere typically light olive gray, greenish gray,
or medium gray.

The presence of sand- and granule-sized particles
of coal, commonly mixed with wood and plant debris in
sandy segquences, is a distinctive component of the
alluvium, Gravel and pebbly sand beds yield a few
granules and small pebbles of brick-red baked shale,
siltstone, and possibly pumice, but the majority of the
sand and gravel i3 composed of chert, with lesser
amounts of vein quartz and hard chert-quartz
sandstone.

‘The data in hand thus far are not sufficient to
resolve the detailed stratigraphy and geochronology of

the alluvial and outwash sequences. The alluvial
sequences presumably represent Interstadial and
interglacial intervals during which extramontane
sediment sources were gignificant, and the outwash
sequences Seem to record an overwhelming
predominance of sediment that originated in the
Brooks Range and accumulated during glacial
advances.

Marine sediments In the PB boreholes range in
character from beach sand and sandy gravel to clay
and silty clay typieal of shallow to mid-shelf
environments. Silt and clay predominate, reflecting
the limited carrying capacity of the streams dreining
the coamstal plain, Sand or {nterbedded sand and silt is
usually found only in sequences that can be related to
shoaling, barrier island passage, or to increasing water
depths (beach to nearshore deposits). The Pelukian
sediments congist of a basal pebbly sandy siit or clayey
sand that grades upward into overconsolidated silty
elay in PB-2, and into interbedded clay and silty clay
in PB-8. Pebbles of Brooks Range provenance in the
base of the Pelukian section show scratches and
grooves apparently caused by ice, and represent
material carried offshore by ice from beaches of
gravelly outwash during the early part of the
transgression. Sediment sassigned to the Flaxman
Member (Simpsonian transgression) is present in
boreholes PB-2 and PB-8 by organic silt to silty clay.
No characteristic Flaxman pebbles were present in the
unit in PB-8, but they are present as a lag deposit at
the top of the Flaxman Member in PB-2. Thickness of
Flandrian fine-grained marine deposits in the boreholes
ranges from 1.5 m in PB-2 to 7 m in PB-5.

Four benthic foraminiferal assemblages are
recognized in the PB borehole series. They are
directly associated with the late Pleistocene through
Holocene marine transgressions: Pelukian, Simpsonian,
middle Wiseonsin, and Flandrian. The species
composition varies with the transgressive-regressive
cycles. Where the preserved record is complete, the
composition of the foraminiferal assemblages varies
from species that prefer low salinity, and cool, shallow
waters to species that indicate the maximum water
depth and maximum water temperatures, and finally to
species that prefer cooler, shallower, more normal
marine waters.  The record, however, is rarely
complete, and usually only the faunas typical of the
early to middle part of the transgression are

preserved.
The oldest assemblage, which probably
corresponds to the Pelukian transgression, s

characterized by foraminiferal assemblages that
represent deeper and warmer marine conditions than
presently occur in the study area. The Pelukian
assemblages contain common occurrences of various
cassidulinids, Elphidium orbiculare, E. incertum, and
Buccells frigida. Stainforthig concava is present in

the middle neritic assemblages (PB-2 and PB-8).
Elphidiella groenlandica and Elphidium asklundi reflect

the warmer water temperatures. Elphidium

excavatum alba s rare throughout most Pelukian

sediments, although moderate abundances are noted in
the warmer (ntervals.

The next oldest faunas, those of the Simpsonian
transgression, are similar to the Pelukian faunss. They
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indicate that temperature and depth conditions were
slightly cooler and shallower than during the Pelukian,
but still warmer and deeper than at present.
Cessidulinids decrease In  abundance  whereas
elphidiums increase in response to the shallower,
cooler waters. Elphidiella groenlandica, Elphidium

The Flandrian ostracode assemblage can
similarly be divided into a deeper inner neritic facies
and a shallow nearshore facies. The shallow nearshore
facjes is characterized by eurytopic species such as
Heterocyprideis sorbyana, Paracyprideis
pseudopunctillata, Sarsicytheridea bradii, Cytheretta

asklundi, and Elphidium excavatum alba became
increasingly rare as the temperatures cooled.

Faunas developed during the middle Wisconsin
transgression, characterized by low foraminiferal
numbers and low diversities, indicate cool shallow
waters of approximately the same depth as at
present. Elphidium clavatum is a common component
of this trangression.

Assemblages from the Flandrian transgression
are the most variable and are represented by numerous
ecologic biofacjes. In general, foraminiferal numbers
are high and species diversities are moderate to low.
Elphidium orbiculare and E. excavatum alba are the
most common spectes. Because the Flandrian has the
most completely preserved record, faunal changes are
numerous and correspond to increasing water depths
associated with the onset of the transgression. Recent
shallowing observed in several of the boreholes
probably corresponds to migrations of barrier island
chains or to the infilling by sediments.

The ostracode fauna responds to changes in the
physiochemical environment mueh as do the benthie
foraminifers, Primary controlling parameters are
water temperature and salinity, which can change
considerably as the marine climate or sea level
change. The palecenvironmental conditions of the
Pelukian, Simpsonian, and Flandrian transgressions are
distinct. However, the physiochemical environment of
the middle Wisconsin transgression is similar to that of
the Flandrian and cannot be differentiated by the
ostracode fauna.

The  Pelukian  ostracode  assemblage is
characterized by taxa that indicate deeper, probably
warmer water conditions and the introduction of
several Atlantic immigrants. The species most
indicative of the Pelukian are Krithe glacialis,
Rabilimis mirabilis, Acanthoeythereis dunelmensis, and
Cytheropteron paralatissimum. Cluthia cluthae is a
warm-water immigrant. Species diversity and
abundance are moderate through this sea leve] event,

The Simpsonian ostracode assemblage consists of
a shallow, nearshore facies and a deeper, offshore
facies. The shallow facies contains eurythermal,
euryhaline species such as Heterocyprideis sorbyans,
Cytheretta teshekpukensis, Rabilimis septentrionalis,
and Sarsicytheridea bradii. The deeper facies contains
a mixture of endemic Begufort Sea deeper taxa and
subfrigid-frigid Atlantic Ocean and Bering Sea
immigrants. The endemic species include

theromorpha sp. A, Pontoeythere sp. A, Palmanella
limicola, and Cytherurg sp. D. The immigrant taxa
include Finmarchinella (Barentsovia) curvicosts,
Finmarchinella (Finmarchinella) finmarchics,
Roundstonia _ globulifera, and Sarsieytheridea
punctillata. The presence of taxa from subfrigid
marine climates implies warmer water conditions than
presently exist on the Arctic Coastal Plain. Species
diversity is higher than during the Pelukian, and
abundance values range from moderate to high.
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teshekpukengis, Loxoconcha venepidermoidea, and
isolated oeccurrences of nonmarine taxa. Species
diversity is lower and sbundance values high. The
deeper inner neritic facies contains taxa that require a

more stable environment; these include
Normanicythere leioderma, Cytheropteron
montrosiense, Palmanella limicola, Cytheropteron

spp., and Cytherura spp. Species diversity is higher in
deeper water, and absolute sbundance is low, with a
more equitable distribution of taxa.
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Table 2. Borehole PB-1, benthic foraminifera. The distribution and abundance of benthic foraminiferal
species in PB-1 is given as a percent of the total foraminiferal fauna. The foraminiferal pumber (number of
specimens in 100 grams of sediment) and the diversity {number of species per sample) is given at the bottowm of
the table.

g

B, § = ¥ & ¥ ¥ &8 0[] @08 @ 0w I =

A3 = X F 2 & B8 2 & 8 £ & %

Taxa e

+ 3 3 % & : g8 g8 g2 5 % 3 3 &

z¢ & 2 8 § § E g8 2 g2 2 2 & %

Ez ; E By E [ &, E & [ [ [ E &

0 = = = = = = = =
Ammotium cassis (Parker) - - ~ - - - - - 06 05 - -
Buccella frigida (Cushman) 32 290 32 44 86 22 28 42 71 15 08 - -
Casstduling islandica Norvang 0.1 - - - - - - - - - - - -
Elphidietia groenlandice (Cushman) L0 02 02 03 - - - - - - - - -
Elphidium asklundt Brotzen L3 00 01 - 0.1 - - - - - - - -
E. clavatum Cushman 2.4 - 20 17 16 14 80 - 06 02 19 - -
E. ezcavatum alba Feyling-Hanssen 372 399 588 718 5.7 81.3 700 727 695 730 385 - -
E. incertum (Williamson) 09 216 25 - - - - 0.7 - - 50 17 -
E. orbiculare (Brady) 409 333 309 187 354 138 184 196 182 204 547 872 -
E. sp. - 0r 01 - - - - - - - - - -
Guttuling austriaca &’Orbigny - - ~ - - - - - 1.8 - - - -
G. lactes {Walker and Jacob) 0.3 04 - 31 08 03 - - - - - - -
Polymorphina spp. 38 1.7 21 - 17 12 08 28 26 44 13 51 -
Foraminiferal number 3028 8980 3002 204 1473 690 250 143 154 407 156 T8 (]
Diversity 10 9 9 [ 7 8 5 5 7 6 6 3 0
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Table 3. Borehole PB-1, ostracodes. The distribution and abundance of ostracode species in PB-1 is given as a

percent of the total ostracode fauna. The ostracode mimber (number of valves in 100 grams of sediment) and

the diversity {number of species per sample) is given at the bottom of the table.

AE
g = T ® R @ § 0w o m @ § & 8§ 0§
B 2 £ 2 £ 2 £ L& - 8 8 L8 = &
Taxa e
+ 8 3 8 8 5 8 8 28 2 3 g 3= g8
A 8 & & & & & & & & & & & 8
§Z & Ix f [ B E, o E = E &= E e
0 = = = - = = = = =
Candona cf. C. candida (Mueller) - - - - - - - - - - - - 2.4
Cythesomorpha macchesneys (Brady and Crosskey) 22 87 89 41 52 81 100 286 150 65 - - 48
C. sp. - 05 08 - - 18 25 - - 85 20 - -
Heterocyprideis sorbyana (Jones) 73.0 882 80.8 653 659 T40 800 7TL4 250 182 940 31.0
Lozoconcha eliiptica Brady - - - - - - - - - 35 - - 119
L. venepidermoidea Swain - - - - - - - - 25 61 - - ~
Paracyprideis pscudopunctillgta Swain 247 48 97 306 289 154 25 - 575 588 40 - 500
Rabilimi» septentrionalis (Brady) - - - - - 08 - - - - -~ - -
Sarsicytheridea bradii (Norman) - - -~ - - - 5.0 - - - - - -
Ostracode namber 8¢ 369 124 4 135 128 %0 £ 40 17 50 0 42
Diversity 3 4 4 3 3 S s 2 4 ] 3 0 5
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Table 4. Borehole PB-2, benthic foraminifers.

The distribution and abundance of benthic foraminiferal

specles in PB-2 is given as a percent of the total foraminiferal fauna. The foraminiferal number (number of

specimens in 100 grams of sediment) and the diversity (number of species per sample) is given at the bottom of

the table,

2 T 8 § 8§ 3 @ K ¥ T ¥ KT @ I =T ST T @
gge £ 2 =2 = 2 =2 2 2 &8 £ = B 2 & 8 E 8
Taxa hnd

x. 8 8 3 8 3 2 2 8 5 8 8 8 § 2 % 3

i, 2 £ 2 § § ¢ g ¢ 8 2 2 8 2 g 3 g g 32

g= g 5] g g =] B E g & E [ E = & = E

@ = = = = = = = = = =
Bathysiphon spp. - - - - - - - - - - - - - - - 14 - -
Buccella frigids (Cushman) - - 86 07 &7 22 - 14 - 43 07 - $2 38 - 43 - -
Careidulina islandiva Norvang ~ -~ - - - 8% AL MO IT0 202 47 W5 82 - - 86 - 33
C. norcronsi Cushwan - 38 - - 67 85 81 60 T4 49 19 26 64 307 143 -~ 2Ll
Cyclogyra involvens (Reuas) - - - - - - - - - 07 08 - - - - - ;
Derdaling frobaherensms Loeblich and Tappan - - - - - - - - - - _ - _ _ 80 20 - _
D. graciliv &Orbigny - - - - - @ - - - a8 - 14 BS 18 - - - (6
D.ep. ? - - 0.1 - - - - - - - - - - - - - - -
Blphidiella groenlandico (Cushman) 196 289 - 04 - - . - = - - - - 0.6 - - - -
Blphidium albiumbilicatum (Weiss) 8 3B - - - - - - - - - - - - - - _ -
E. ¢f. B. asklundi Brotzen - - - - - - - - - 04 - - ~ 3.2 - - - -
K. bariletts Cushman 33 1L - - - - - - 0.9 - - 05 N - - - - -
E. ¢f. E. bartletty Cusliman - - - - - - - - ) - - - - 0.6 - - - -
E. clgvatum Cushman 1.1 - [13 -~ 504 489 731 437 4L5 4038 95 123 85 256 138 387 - B2.0
E. excavatum alby Feyhng-Hanssen - 77 07 52 )6 2.2 - - - L2 - - - - 6.9 - - %3
E. frigidum Cushman - B - - 00 - - - - - - - - - - - - -
E. ircertum (Wilhamson) 33 - 21 - 0.1 - - - - - - - - - - - - -
E. orbicudgre (Brady) 489 36 2380 915 MO 178 100 1¢4 274 217 405 {02 b48 528 319 286 - 13.8
E. sp. 33 - - - - - - - - - - - - - - - - -
Eoeponidella strombodes Tappan - - (%4 - - - - - - - - - - . . - - .
Eosyring curta (Cushman and Ozawa) - - - - - - - - 0.4 - - . - - - - -
Fissuring marginata (Montagu) - - - - - - 0.9 - 0.4 - 0.5 - - - - - -
F orbigryore Sequengs - - - - - - - 08 - - - - - .
P. spp. - - - - - 08 - . - - - - . - .
Glanduling lnevigate (d’Ortigny) - - - - - - 08 05 09 - - - - : - -
Guttuling austngen &’Orbigny 22 - - - - - - - . - - - 0.6 . - - -
G. lactea (Walker and Jacob) L1 38 85 - Lo - - - 09 08 07 14 - 26 69 (4 - 3.3
G. problema d'Qrbigny - - ~ - - - 0.5 - - - - - - - - - -
G. sp. - -~ - 0.1 22 - - - - - - - - - - - -
Lagena gracdlimo (Sequenza) - - - - - 2.2 - 0.9 - - - - - L3 - - - 0.8
Ooling lineata (Williamson) - - - - - 22 - 038 - - - 09 - - - - - -
O. ep. - - - - - = - - - 05 - ~ - - - -
Parofissurina Aimatiosloma Loeblich and Tappan - - - - - - - 0.8 - - - - - - - - - -
Polymorphina suboblongs Cushman and Ozawa 2.2 - - 0.3 - - - - - - - - - - - - -
P. app. 8.4 117 - 22 35 44 31 05 0.9 - 05 - - X - - 0.8
Preudopolymorphing arctico MacBetb and Schmidt - - - - - - a.9 - - - 05 - - - - - -
Pyrulina sp. - - - - - - 05 - - - - - - - - - -
Qurnguelocuhing arctica Cushman - - - - - - - 09 - 0.1 - - - - - - -
Q. subsotunda (Momiagu) - - a7 - - - - - - 0.4 - - - - - - - -
Q. ¢/. Q. aubrotunda (Montag) - - - . = - - - - - - 0.5 - - - - - =
Q. seminulum (Linne) 3a - 14 - 0.2 - - - - - - 05 312 - 34 14 - -
Q. ¢/ Q. seminulum (Linne) - - - - = - - - - - 0.5 - - - = - -
Q. spp. - - a7 - - - - - - - - - - - - - - -
Q. valgarts d’Orbigny 11 - - - - - - - - - - - - - - - - -
Sikicorigmoilina groenfendica (Cushman) - - 2.1 - - - - - - - - - - ~ - - - -
Starnforthia concava (Hoeglund} - - - - - - 08 60 28 08 - 0.8 - - - - - 0.8
Trichgohalus sp. - - - - - - - - - - 0.7 - - - - - - -
Triloculira irhedra Loeblich and Tappan - - - - - - - 14 - 04 - 05 - 0.6 - L4 - 08
Foraminiferal pumber 92 26 1¢2 539 2M5 46 (30 25 106 258 148 29 31 156 26 7 D 128
Diversicy 14 8 12 3 11 1 8 18 10 15 9 18 7 12 8 0 o 11
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Table 5. Borehole PB-2, ostracodes. The distribution and abundance of ostracode species in PB-2 is given as a
percent of the total ostracode fauna. The ostracode mimber (mumber of valves in 100 grams of sediment) and
the diversity (number of species per sample) is given at the bottom of the table.

2 & ¥ & 5 & ¥ T ¥ % & & @ ¥ % & v &
g2 £ 2 2 = 5 2 2 2 2 2 =5 2 2 8 B E 8
Taxa =

L 8 & - 2 & 3 3 3 ~ 2 I < 8 —

1,8 £ 8 £ FE E 2 ¢ g §8 8§ d 8§z

E= § G ; [ S E B b B E L. I E

o = =2 = = = = = = = = = > =
Acanthocythercis dunelmensu (Normau) - - 42 - - - - - - - - - - - - - - -
Cytheromorpha maecheineyi (Brady and Groaskey) - - 2 - - - - - - - - - - - - - -
Cytheropleron montrosisnse Brady, Crosskey and Robertson 3.2 - - - - - - 429 N§ &7 - - - - - - - -
Cytheretia teshekpukenria Swain 94 100 25 - 43 - . - - - - - - - - - - -
Heterocyprideis sorbyana (Sones) 126 300 250 146 - - - - - - - - - - - - - -
Krithe ylaciolis Brady, Crosskey and Robertson - - - - - 887 1000 9$5 J25 6.0 - 1000 - - - 338 150 1000
Loioronche elhiptica Brady - - 21 - - - - - - - - - - - - -
L. venepidermordeq Swain - - - 8.3 - - - - - - - - - - - - - -
Normanicythere leioderma (Normao) 32 w0 - - - - - - - - - - - - - - -
Palmanella Emicols (Norman) - - 83 - - - - - - - - : - - - - - -
Paracypeideis prendopunctillate Swam 9.4 - - 861 21 - - - - - - - - - - - - -
Robilimis mivabilis (Brady) - - - - . a8 - 416 500 833 1000 - (0O - - &7 20 -
R. reptentrionadis (Brady) 06 300 228 ¢2 916 - - - - - . - - - - - - -
Sarascytheridea bradys (Norman) 219 100 292 - - - - - - - - - - - - - - -
Odtracode aumber 32 10 u 48 1% 6 1 2] 8 30 1 ] J 0 a 3 4 ]
Diversity 7 5 6 8 3 2 1 3 3 3 1 1 ] 0 0 2 2 1
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Table 6. Borehole PB-3, benthic foraminifers. The distribution and abundance of benthic foraminiferal species

in PB-3 is given as a percent of the total foraminiferal fauna. The foraminiferal mumber {number of specimens

in 100 grams of sediment) and the diversity {number of species per sample) is given at the bottom of the table.

2E . . 4 a4 A& ~ F = &
e w © o ~ - 0 = o o
Ag e & = & 2 2 =zZ Z =z
Taxa =
s 2 2 8 B8 & = & = 3
ne 2 2 8 8 § 8 g 8§ 8
£z E [ E = £ 2 B o
8- & = = 5§ § 5§ 3
Buccelle friggde {Cushman) 05 10 10 68 07 - 1.6 17 -
Cyclogyra fnvolvens (Reuss) 02 20 - 1.3 - - 0.2 -~
Dentalina sttas Loeblich and Tappan 0.1 ~ - - - ~ ~ - -
Elphidiella groenlandica (Cushman) 0.2 130 31 28 563 14 403 127 1000
Elphidium asklunds Brotzen 1.3 - - - - - - 1.9 -
E. bartletts Cushman 1.0 116 72 28 199 ~ 442 148 -
E. clavatum Cushman 142 30 - 80 126 - - 181 -
E. ezcavatum alba Feyling-Hanssen 17.3 3.0 165 105 - 551 0.8 4.6 -
E. frigidum Cushman 102 90 82 35 - 20 08 122 -
E. incertum (Williamson) 5.0 - - 1.4 - - - 1.3 -
E. orbiculare (Brady) 44.2 470 474 549 60 304 47 199 -
Glandulina laevigata (d’Orbigny) - - - - - 2.9 - - -
Guttulina lactea (Walker and Jacob) 0.1 - ~ - - - 0.2 -
Lagena gracillima (Sequenza) - - - - - - - 0.2 -
Oolina melo &’Orbigny 0.1 - - - - - ~ - -
Polymorphina suboblonga Cushman and Ozawa - 1.0 - - - - ~ - -
P. spp. 4.8 9.0 15.5 7.7 2.6 5.8 1.0 3.9 -
Pyrgo willigmsons Silvestri - - - - 0.7 - ~ - -
Quinqueloculing subrotunda (Montagu) - - 1.0 - - - - -
Q. seminulum (Linne) 03 10 - 1.7 - - - 2.5 -
Reophaz scorpiusue Montfort - - - - - - 0.8 - -
Scutuloris tegminta Loeblich and Tappan 0.1 - - - - - - - -
Trochammina nana {Brady) 0.3 - - - - 14 ~ - -
Foramiuiferal number 98C¢ 100 07 286 151 69 129 2434 2
Diversity 17 11 8 10 8 7 8 14 1
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Table 7. BRorehole PB-3, ostracodes. The distribution and abundance of ostracode species in PB-3 is given as a

percent of the total ostracode fauna, The ostracode pumber {number of valves in 100 grams of sediment) and

the diversity (number of species per sample) is given at the bottom of the table.

4% . . Z @ &
Q‘ - (¥ ) o fle] ~ joy ey . o
3 £ 2 £ & & & 2 &2 =
Taxa
L& B2 8 2 8 8 8 £ 8 = 3
S8 8 & &8 8 8 g 8 & 8
£z & = = x [ 2 ” E= = =
& = = = = = = = = = =
Cytheromorpha macchesneyi (Brady and Crosskey) 10.8 - - - 115 LT 175 18 18
C. sp. - - - - 3.8 - 125 - - -
Cytheropleron montrosiense Brady, Crosskey and Robertson  f.1 - - - - 1.7 - L6 0.9 -
C. sp. 1.1 - - - - - - - - -
Cytheretia teshekpukensia Swain - 125 - 83 96 33 - - 2.7 -
Eucythere declivia (Norman) - - - - 19 - - - - -
Heterocyprideis sorbyana (Jones) 323 200 - 83 173 50 425 172 152 -
Palmanella limicola (Normaa) 1.1 - - - - 3.3 - - - -
Paracypridets pscudopunctidlata Swain 0.8 20.0 - 389 192 783 250 625 482 25.0
Rabilimis septentrionalis (Brady) 161 475 - 3.1 327 17T 25 16 - 250
Sarsicytheriden bradit (Norman) 28.0 - - 838 388 50 - 156 813 500
Ostracode number 93 40 0 38 52 60 40 64 112 4
Diversity 8 4 o 5 8 8 5 6 6 3
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Table 8. Borehole PB-5, benthic foraminifers.

The distribution and abundance of benthic forawiniferal species

in PB-5 is given as a percent of the total foraminiferal fauna. The foraminiferal number (mumber of specimens

in 100 grams of sediment) and the diversity (mumber of species per sample} is given at the bottom of the table.

2fe 5 ¢ 58 v 8 @ & % & ¥ %
dge 2 & £ © 2 =2 =2 2 2 2 =2
Texa =

2 3 < R R X 3 o & S Y < e

ssF 3 % % % Z F % : : %

5 § § § &8 &8 §8 &8 § & % B
Buccella frigide (Cushman) - 05 02 983 479 23 63 86 32 38 143 38
Cazsssdulina fslondica Norvang - - - - - - - 14 - - - 38
C. noreroast Cushman - - ~ - - - 6.3 - - - - -
Elphidiella groenlandica {Cushman) - 0.2 - 28 63 140 6.3 - ~ - - 3.8
Blphidium albsumbilicatum (Weiss) - 05 - - - - - L0 - ~ 143 -
E. asklundi Brotzen - - - - - - - - 2.1 - 48 -
E. ¢f. E. asklundi Brotzen - - - - - 140 ~ 0.2 - - - -
E. bartletti Cushman - - - - - 23 683 10 43 38 438 -
E. clavatum Cushman - - - Bl - 2.3 - 180 - 7.7 48 -
E. ezcavatum alba Feyling-Hanssen 50.0 31.4 802 444 229 - ~ 102 223 - 9.5 19.2
E. orbiculare (Brady) 50.0 65.0 684 345 83 bL.2 760 540 617 69.2 333 692
E. sp. - - - - - - - - - s - -
Lagena gractllima (Sequenza) - - - - - - - 0.2 - - - ~
Polymorphina spp. - 26 13 53 104 140 - 43 64 38 143 -
Quingueloculina arctica Cushman - - 1L 42 -~ - - - - - -
Q. spp. - - - 08 - - - - - - -
Reophaz sp. - - 02 LS - - - - - - - -
Foraniniferal number 12 666 457 1892 48 43 18 420 94 26 21 52
Diversity 2 6 b 9 6 7 5 10 6 8 8 5
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Table 9. Borehole PB-5, ostracodes. The distribution and abundance of ostracode species in PB-5 ig given as a

percent of the total ostracode fauna, The ostracode mumber (number of valves in 100 grams of sediment) and
the diversity (number of species per sample) is given at the bottom of the table.

2 . X A A e~ e~ wm E T =

&z = ot - e - = <@ 54 S = =) =]

ags & X L =2 2 2 2 =2 zZ Z 0z

Taxa it

kY < < ] & S 2 = 3 & 2 3 74

a3 I 2 2 2 I 3T 2 3 5 I =

E Z £z, fx, fx G e [ B fxy [N

4% 5§ % &8 § £ 5§ § § &8 % §%
Candona sp. - - - 1.2 - - 2.6 - - - -
Cyprid sp. - - L4 - - - - ~ - - - -
Cyprinotus sp. - - 14 - - - - - - - - -
Cytheromorpha macchesneyn (Brady and Croszkey) - 550 304 9.2 67 - 833 282 67 - 357 2200
C. sp. - - 43 44 1338 - ~ 2.6 6.7 - - ~
Cytheropteron montrosiense Brady, Crosskey and Robertson - - - - - - - 2.8 - - - -
Oytherissa lacuatris (Sars) - - - - - - - 17 - - - -
Cytheretta teshekpukensiz Swailn ~ - - - - AT4 - 1.1 8T - 214 -
EBucythere declivis (Norman) - - - 04 - ~ - - - - - -
Heterocyprideis sorbyans (Jones) 16.7 350 130 31.9 1383 - ~ 7.7 183 - 7.1 0
Nyocypriz sp. - - - - - - - 2.8 - - - -
Limnocythere liporeticutata Delorme ~ - 1.4 - - - - - - - - -
L. sp. - - - - - - ~ 51 - - - -
Lozoconcha venepsderniovdea Swain - - - - - -~ 33 126 ~ - - -
Paracyprideis pseudopunctdiata Swain 16.7 - 145 207 800 - ~ 256 267 10D0 288 300
Pontocythere sp. 16.7 - - 1.2 - - - 2.6 138 - - 100
Rabilimsz septentrionalir (Brady) 600 50 333 311 67 283 - 28 287 - 7.1 -
Sassicytheridea bradii (Norman) - 5.0 ~ - - 23 333 - - - - 100
Ostracode number é 20 69 251 15 19 3 39 14 L 14 10
Diversity 4 4 8 8 S 3 3 13 7 1 5 )
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Table 10. Borehole PB-6, benthic foraminifers. The distribution and abundance of
benthic foraminiferal species in PB-6 is given as a percent of the total foraminiferal
fauna. The foraminiferal number (number of specimens in 100 grams of sediment) and
the diversity {mumber of species per sample) is given at the bottom of the table.

aE
g2 =T & ®w T
Agd & & &8 8008

Taxa —
s € 8 &5 3z 2 3
s — ™ - -
g2 2 £ & E &
s 5 § § § § &
Buccella frigida (Cushman) LY - - -~ ~ -
Elphidiella groenlandsca (Cushman) 0.8 24 - - - -
FElphsdium albsumbilicatum (Weiss) 7.4 244 - - - -
E. cf. E. asklunds Brotzen 3.6 - - - - -
E. bartletts Cushman 0.3 - - - - -
E. ezcevatum alba Feyling-Hanasen 385 122 838 - - -
E. orbiculare (Brady) 454 56.1 88.7 - - -
Polymorphina spp. 2.5 49 - - - -
Reophaz cf. R. arctica Brady 0.5 - - - - -
Foraminiferal number 366 41 3 0 0 0
Diversity 9 5 2 0 0 0
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Table 11. Borehole PB-6, ostracodes. The distribution and abundance of ostracode species in PB-6 isg
given as a percent of the total ostracode fauna. The ostracode number (number of valves in 100 grams
of sediment) and the diversity (oumber of species per sample) is given at the bottom of the table.

a2
2 P o~ —~ —~ — — P
& s o — wd [ o ~
Ag 2 & & & 8 08
Taxa h
[{e] o b~ - oD =]
2 3 o ¥ o w )
Qo = m - ] v -
23 £ £ 2 F E
0 = = = p= = p>
Cytheromorpha macchesneys (Brady and Crosskey) 513 357 - ~
C. sp. 7.0 386 - ~ - -
Cytheretta teshekpukensts Swain 0.9 - - - - -
Heterocypridess sorbyana (Jones) 313 393 500 ~ - -
Limnocythere sp. 0.9 - - - - -
Paracypridess pseudopunctillata Swain 35 36 - - - -
Rabslimis septentrionalis (Brady) 52 179 500 - - -
Sarsicytheridea bradii (Norman) - - - ~ - 1000
Ostracode number 115 28 2 0 0 1
Diversity 7 b 2 0 0 1
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Table 12. Borehole PB-~7, benthic foraminifers. The distribution and abundance of benthic
foraminiferal species in PB-7 is given as a percent of the total foramipiferal fauna. The
foraminiferal mumber (number of specimens in 100 grams of sediment) and the diversity (number of
species per sample) is given at the bottom of the table.

ar
af e ® @ T @ @ & 9=
Ag & =2 X &2 B e 2 s
Taxa -
73 o (=} | yad - [s 3 o [=23
1,6 8 £ 5§ 3 & E 8
s2E £ 2 £ £ f E ¢
78 § § §8 § § & §
Buccella frigida (Cushman) 27 05 b5 122 66 44 - -
Elphidiella groenlandica (Cushman) - - 01 08 - - 50 -
Elphidium albiumbilicatum (Weiss) 71 08 - 16 736 - - -
E. asklundi Brotzen 1.8 - 0.3 - - - - -
E. clavatum Cushman 14 67 21 118 - - - ~
E. ezcavatum alba Feyling-Hanssen 40.4 188 265 351 151 333 - ~
E. tncertum (Williamson) - - 16 14 - - - ~
E. orbiculare (Brady) 43.4 603 618 315 47 578 950 100.0
Globulina sp. - 0.7 - - - - - -
Polymorphine spp. 30 34 L7 32 - 2.2 - -
Quingueloculina arctica Cushman - - 03 20 - 2.2 - -
Q. seminulum (Linne) - 0.4 - - - - - -
Silicosigmoilina groenlandica (Cushman) 0.3 - - - - - - ~
Trochammina nana (Brady) - - 01 04 - - - ~
Foraminiferal number 366 2158 765 4090 848 45 20
Divetsity 8 8 10 10 4 5 2
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Table 13. Borehole PB-7, ostracodes. The distribution and abundance of ostracode species in PB-7 is given as a
percent of the total ostracode fauna. The ostracode number {number of valves in 100 grams of sediment) and the
diversity (mumber of species per sawple) is given at the bottom of the table,

a7

Al & @ o @ w A v =

fg s & T B 8B 8 8 £

Taxa =

« 8 8 € T X & B 8

& o — m =t ~ (2] — — —t

1z 5 o A e R oA B M

275 § §8 § § & § &
Candona sp. 0.9 - - - ~ - - -
Cytheromorpha macchesneyi (Brady and Crosskey) 30.3 414 140 145 167 205 25.0 -
C. sp. 3.7 138 20 52 - 6.8 - -
Cytherissa lacustris (Sars) - - 0.3 - ~ - - -
Cytheretta teshekpukensiz Swain 28 07 59 06 - - - -
EBucythere declivis (Norman) - 07 03 08 - - - -
Heterocypridess sorbyana (Jones) 147 117 13.0 133 300 137 - -
Iyocypris sp. - - - 06 3.3 - - -
Limnocythere sp. 09 07 03 - - 1.4 - -
Lozoconcha sp. - - 1.0 - - - - -
L. veneprdermotdea Swain - 2.1 0.5 - - - - -
Paracypridess pseudopunctillata Swain L9 78 142 30.1 30.0 370 25.0 100.0
Pontocythere sp. - 4.1 - 2.3 - - B -
Rabelimss septentrionalis (Brady) 31.2 17.2 455 329 200 205 25.0 -
Roundstonia globulifera (Brady) - - 1.0 - - - - -
Sarsicytheridea bradii (Norman) 3.7 - 2.0 - - - - -
S. punctslleta (Brady) - - - - - - 250 -
Ostracode number 109 145 393 173 30 73 4 1
Diversity ) 10 13 9 5 é 4
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Table 14. Borehole PB-8, benthic foraminifers. The distribution and abundance of benthic foraminiferal species

in PB-8 is given as a percent of the total foraminiferal fauna. The foraminiferal mumber {pumber of specimens

in 100 grams of sediment) and the diversity (sumber of species per sample) is given at the bottom of the table

_
ife s 2 ¢ @ 5 v ¢ v & 2 % @ % ¥ g § T 7 ¥ %
s £ & & 2 2 & ¢ 2 =2 &2 & £ 2 2 8 2 X Z E =
Taxa =
2.5 & § T B £ 5 8 2 8 3 § 8 I % 8 E 8 8 % 3
s = ] > ] = = s 3 4 - = < 5 = = ] = ¥ S = =
I8 3 8 8 B %5 OE % S 8 % Y OE S S OB OE %R O§ OGS
Ammolism casnis (Parker) - - - - - - - - - - - - - - - - - - - -
Buccells frigida (Cushmax) 125 62 78 69 51 85 58 164 54 S5 101 S8 ILS 82 62 18 51 89 DS 80 &2
B. dauaitaig Anderson - -~ - - - - - - - - - - - 0.0 - - - - - - -
B. 1p. - - - - - - - - - - - 0.1 - - - - - - - - -
Cessidulina ielandica Norvang b3l - 38 L8 24 2 1.8 26 26 09 04 4B 8.7 6.l 4.9 6.8 3.8 .6 50 - (JE
C. noverpsa Cushman - - as - 0.8 - 02 0.0 04 28 0.3 - 0.2 0.2 5.2 3.6 22 37 0.2 2.8 08
Cyclogyra involvens (Reuss) 02 - o1 02 01 09 - - - 02 - 01 - 060 ©1 02 00 O( - - ot
Dentahina ittas Loeblich and Tappan - - (8} - - 00 - 08 0.5 - - - - 08 - - 04 - - -
D pauperata d*Orbigny ~ - - - - - - ~ - - - -~ - - - - - - - - -
Elphtdrella groeniandice (Gushman) - 1B 01 03 08 o001 15 02 A3 73 &S 2 15 06 44 28 20 v4 ol 35 13
E. oreggonense (Cushuinsn and Grant) - - - - - - - - - - - - - - - - - 41 - - -
Elphidium albvwmbilicatum {Weiss) - 01 08 - 2.0 - -~ 0.2 - - - ~ - - - - - - - -
E. aiklwndy Brotgen - - - - 0.7 - 22 01 26 L9 20 L1 18 04 OB 27 L) 1Y 97 112 1§
£. bartlsttd Cushman [ A Y] 69 39 7.3 X3 9.8 L2 Wi dca 102 71 1.7 2.0 34 17D 122 (3B IR (%4 14
E. clavatum Cushman ME U7 - 22 85 M85 261 202 18 156 63 3LI 188 240 197 47 229 122 256 201 159
E. czeavatum alba Feyhng-Hanssen 108 - 310 58 254 o8 35 04 8BS 1A 82 B¢ 107 13 72 10 St 46 41 49 G4
B. frigtdum Cushmsza 08 03 1B 33 05 475 166 185 107 64 58 188 157 214 )74 1) 187 33 171 (X} 78
E. incertum (Williamson) 25 34 0.8 4.7 45 03 0.2 18 20 - - 0.5 06 04 0.2 DA - 119 Ll 168 21
E. orbicular: ‘Bl‘xd‘y) 208 500 202 384 306 W2 233 196 182 227 307 IS8 U2 U6 233 3O 224 200G 20 179 261
E sp - - - - - - - - - - - - - - - b2 - - -
Fisaurtng app - - 0.5 - - - - - - - 0.3 - - - - - - 0.8 - -
Olanduhina sp - - - - - - - - - - [($Y - - - - 00 02 01
Gomrospirg archica (Cushman) - - - - - - - - - - - - -
GCuttuhno problema d'Orbigny - - - - - - - - N - - - - - - - -
Lugeny costata (Williamson) 0\ - 00 - 00 - - - 01 08 0.e - -
L. graciliima (Sequenxa) - - - - - - - - - - - - - - - < - -
L. hryagona (Williamson) - - - 0.6 - - - - - - - [1X3 - 0.0 - - -~ - - o.1
L. gemistrings. Willameon - - - - - - - - - - - - - - = - 0.1
L. ap. - 0.§ - 035 - - - 0.1 - - - 0.0 - - - - - - - -
Pateorss hawverimordes (Rhumbler) - - - - - 0.2 - - - - - - - - - - - - -
Parafirsurinn loterahs carinafe (Buchner) - - - . - - - - - - - - - - - - - - - - -
Polymorphina spp 46 08 65 63 83 L& 4) L& 35 39 (8 48 &0 30 47 82 63 47 22 14 18
Pyrgo williamaoni Silvestri - - ' - - - [} - 01 - . - 01 00 . - - - - -
Quinqurloculing arctice Cushmnam 0.2 03 04 - 04 : - 0l - - . - = : 0.2 -
Q. acminulym (Linne) - - - - 0.1 0.0 05 - 04 a6 01 0.7 0.2 0.2 0l 0.9 01 04 0.3
Q. =pp. - -~ 04 . - - - - - - - . - - 08 - 0.2 -
Q. stalkces Locblich and Tappaa 1.0 = 12 - 0.8 - 05 L - - - - - - [
Reophaz arctica DBrady - - - - - - - - - - - - - - - - - - - -
R scorprurus Montfort 01 0L 01 - - - - - a1 ~ - ~ 0.0 - - - - - - -
Scuculoru tegminis Loeblich and Tuppan - — = : . - - - - - - - - - - - 06 ot 02 -
Stainforthia concava (Aocglund) = = - - - - - - -~ - = - : -2 -
Trilocuhina oblongate (Montagu) - B . N - - - - . - - - - : - -
T. trthedra Locblich and Tappan - 01 - - - - - - - 05 08 - - 08 -
Trachamnrtina rotaliformis Wright - - 0.7 - - - - 02 - - - ol - - - 02 -
TForamumiferal gnmber A3B4 (556 S0%2 3060 oM 8958 642 2865 15 372 706 1518 2538 4744 2616 2358 2258 542 3168 671 1027
Dlversity 13 13 18 13 19 4 15 17 16 " 18 16 18 17 5 15 L& 0 17 1 18
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Table 14. Continued
4fs 2§ 7 ¢ & § 8§ 3 3 3 8 & T ¥ % % % 3 T T
e O L) «© ) o~ -~ ) - <3 © « ~ « - - - = - - = w3
= = fol = = = = = = = = = = = = = = = = = =
Tuxa =~
+, 8 &8 2 2 & 5 & &8 g 8 & 8 2 % g § 8 § % § 8
5 P - - ; - - ~ = - ; ‘: : z z" :_ z - ~ - - ‘: -
% § ¥ 3 & § ¥ 3 % § % %5 % % 3z §%8 § & §8 % %
Ammotium ennais (Parker) - - - - - - 0.0 - R - - . - - - - - - 15 o3 -
Buscella frigida (Cushman) 36 27 26 27 36 51 420 51 A7 632 T1 18 2l 30 78 81 88 17 (08
B. inusitota Anderson - - - - - - - - . - - - - - _ - - _ _ - -
B. sp. - - - - - - - - - - - - - - - - - - -
Gareiduling itlardico Norvang 1s 23 35 28 (8 80 30 Q4 - 0 - - - - - - - - - - -
€. norerossé Cushman 27 27 30 38 08 11 - - 08 03 - - 20 - - - - - 03 - -
COyelogyra involpens (Reusa) - 05 Ot - 01 04 DO 02 - - 107 - - - 1.0 - 09 - - - -
Deninkina tHai Loeblich and Tsppan - - - - - - - - 0.6 - - - - - - - - - - - -
D. pauperals d*Orbigny - - - - - - - - - - - - - - - - - - - - -
Blphidiclla groenlandics (Cushman) 1o 26 23 08 LT 09 01 ©OI - 08 - 01 - - - 51 b2 180 68 38 08
E. oregonense (Cusbman and Grant) - - - - . - - - . - - - - - . - - - - - -
Elphedium albiumbilicatum (Weiss) - 50 - - - - - - - - - - - - - - - - - -
E. asklundi Brotzen 51 36 28 - 0.8 - 01 08 - - - - 2.) - - - - 84 35 LS -
E. bartieste Cushman 67 1D M7 MDD 45 98 01 08 - - - - - - - - D ¥ | - - -
E. clagatum Cosbman €.7 88 150 87 136 389 399 542 373 425 288 )70 206 520 303 359 209 - 111 225 $88
E ezcavalum alba Feybmg-Honssen 53 61 &2 90 71 40 &8 87 - 08 36 - 3] - - - ~ - - 72 88
E. fngidum Cudimsn 70 63 16 73 11 0.6 9.2 1 ¥ 0.6 0.7 - - 211 - 192 51 - 189 a1 - 03
E. incertam (Wilhamaon) W6 21 ULl Y 1ST 1L 148 130 213 7.8 - - - %Ko 41l - 183 64 282 281 89
E. orbiculare (Bndy) 406 406 318 183 433 16D (78 168 137 146 3193 S4Z 443 100 40 w38 270 W3s 258 Ui 33
E »wp. - - - 0.3 - - - - - - - - - - - - - - - - -
Pisserina spp. - - - - - - - - - - - - - - - - - - - -
Glandulina sp. - - 03 - - - - - - - - - - - - - - - - -
Gordioapirs arctics (Cushmag) - - - - - 00 08 03 &8 100 107 33 18 20 20 - 1721 - - 19
Gutiulina prodlsma d'Orbigny - 0.2 - - B - - - - - - - - - - - - - - - -
Lagena coatuta (Williamaon) - - - - 0.0 - - - - - . - - - - - - . .
L. pracstima (Sequenza) - - - - - - - - - 03 - - - - - - - - - - -
L. hexagona (Williamaon) - - - - - - - - - - - - - - - - - - - - -
L. semaenata Willismson - - - - - - - - - - - - - - - - - - - - -
L. ap S - - .. e - e e e e e e e e e e
Palenris howverimoides (Rhumbler) - - - - - - - - - - - - - - - 2.7 - - -
Parafiasyrina lateralis carinsta (Bucbner) - 1%} - - - - - - - - - - - - - - - - - - -
Polymorphina spp. 6 23 12 L5 43 0S4 48 29 8T 42 - $9 103 240 152 50 J22 (82 126 70 A7
Pyrgo willigmeoni Silvescri - - - - - . - - - - - - - - - - - -~ - - -
Quingueloculing areiscn Cuszhman 1.6 ~ 04 20 01 08 - - - - - LS N | - 121 208 28 - - - -
Q. seminulum (Linne) - 0.5 - - 09 - - 12 48 L0 - 7.2 - 60 20 - 09 - - - -
Q. spp - - - - - - - - - - - - - - - - - - - - -
Q. 1alkers Loeblich and Tappan - - - 0.5 - 09 09 - - - - - - - 154 09 - - - 0.8
Reophas arciica Brady - - - - - - - - - - - - - - - - Xy - - - 1.8
R, scoepiuras Montfore - - 0.4 - - - 0.0 0k - - - - - - - - - - - -
Seutwlory tegminis Loeblich and Tappan - - - - - - - - 6 07 - 07 - 20 - 2% 0% - 05 57
Stainforthis concava {Hovglund) - - - - - N . - - - - - - - _ _ - _ _ _ _
Tridocaling oblongata (Montagy) - B - - - - - - - - - - - - - - - 21 L2 05 -
T. rihedra Loeblich and Tappan - - - - - ~ 0.3 - - - - - - - - - - B _ _ ~
Trochemmina cotaliformic Wright - - - - - - ol - - - - N - - - - 03 05 -
Foramluiferal number 630 M4 2T U4 750 3219 2181 991 161 _7 28 153 97 50 % 78 115 n 325 ot 502
Diversity 13 17 F 53 Iy 16 14 18 16 12 14 6 9 10 T 10 8 13 11 12 12 12
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Table 14. Continued
= ‘i —_— —~ el — — —— — — — — -— — — — —~— ~—~ — — — _— —_—
g w v = o v B o9 T @ w N o o« ~ ®» & =« & K v
g2 2 2 & 2 £ g £ ¥ = = §og o o2 2% 3 2 g8 8 K
Texa e e ~ = e e - e hnt = - - - e - hnt ~
=~ - = @ ~ -— oa - “ =3 & = —
4.3 & 8 £ § 8 8 5§ 8 58 8 § 8§ § § 8 8 5 8 g8 &
= al ~ - - -~ - - -~ - - - ~ - - - - e - - -
g = R E P & & & & & £ o= E P § E g £
4" 8 5§ 5 :E & 5 8 5§ %8 8§ 5 % 3 s 5
Ammotium caraz (Packer) - - - - - - - - - - - - - - - - - - - - -
Buceella frigida (Cushman) 81 4y L3 20 - 15 - 14 - 28 05 22 - 8.0 - - - 14 -
B. inasitata Apderson - - - - - - - - - - - - - - - - - - - -
B. sp. - - - - - - - - - - - - - - - - - - - - -
Cosndebing isdandico Norvang - 20 201 383 143 242 383 201 Z14 236 )18 3T MR %46 183 263 - 106 143 282 357
€. norcroast Cushman - - o6 - - - - - - - - - 24 69 28 20 40 - - - -
Cyclogyra involocns (Reups) - - - - - X3 - - - - - - - 05 09 10 - - - L8 -
Dantakna sttas Loeblich snd Teppan - - - - - - - - - - - - - - - - - - - - -
D. pauperata Q'Qrbigny - - - - - - - - - - J4 L7 05 D5 18 20 240 - - - -
Elphidiella groenfandico (Cushmes) MUs 29 06 20 143 30 - 18 L4 - 21 D9 08 26 119 30 200 - - 18 143
E. oregonense (Gusbman s0d Grant) - - - - - - - - - - - - - - - - - - - - -
Blpkidam albigmbilicaturn (Weass) - - - 2.8 - 30 83 - - - - - - 1.6 - - - - -
E. asklunds Brotien 32 - - - - - - - - - - - - 03 37 - {0 - - - -
E. fardetti Cushman - - - - - - . - 41 3826 245 82 120 95 174 202 400 204 B 89 107
E. clavatum Cushman 194 82 247 216 - 3.8 b 418 376 180 224 327 B3I 0L 13 212 - 300 13 196 N4
E. escavatum albe Feybng-Hanssen 32 108 - - - - - - - 2¢ 28 - - - - - - - - - -
E. frigidsm Cushman -8 - - - s - - 21 - 36 12 32 02 - 40 - - - .y -
E. incertum {Wilkamson) 90 307 - - - 1.5 - - - - - - - 2z 18 - - - - - -
E. orbiculare (Brady) 12 3188 196 59 T1 152 42 145 187 112 189 124 174 148 186 01 40 400 286 143 38
£ . - - - - - - - - - - - - - 62 - - - -1 - -
Fissusina spp. - - - - - - - -~ - - - - - - 0.9 1.0 - - - - 3.6
Glandubing sp. - - - - - - - - - - - - - - - - - - - - -
Gordiospina arctice (Cushman) 1.6 - - - - - - - - 11 - - - - - - - - - - .
Guttwling problema d’Orbiguy - - - - - - - - - - - - - - - - - - - -
Logena eoatata {Willismson) - - - - - - - - - - - - - - - - - - - - -
L. gracillima (Seqoents) - - - - 71 80 - 3.6 27 - - - 1.8 07 65 1.0 - - - - 3.6
L. hesagona (Williamson) - - - - - - - - - - - - - - - - - - - - -
L. semistrinta Wilbamson - - - - - - - - - - - - - - - - - - - - -
L. sp. - - - - - - - - - - - - - - - - - - - - -
Poteoris houserimoides (Rbumbler) - - - - - - - - - - - - - - - - - - - -
Porfssuring lateralis carinato (Buchner) - - - - - - - - - - - - - - - - - - - - -
Polymorphing spp. 01 109 63 - TI - 42 36 14 34 56 32 4 81 84 40 - - -1 11
Pyrgo williamaoni Silvestei - - - - - - - - - - - - - - - - - - - - -
Guinguelocshina arctica Cushman - - - - - - - - - - - - - - - - - - - -
Q scminwlum (Linne) - - - - - - 18 - 14 - - 0.7 - - 3.0 - - - -
Q spp. - - - - - - - - - - - - - - - - - - - - -
Q. etalkers Loeblick and Tappan - 24 89 18 2,6 15 - - - 22 - - 0.3 - - - - - - - -
Reophaz arctica Brady - - - - - - - - - - - - - - - - - - - - -
R. scorpinrws Moot fort - - - - - - - - - - - - - - - - - - - - -
Soutwloris degmiris Loeblick and Tappan - 22 B9 157 24 12} 42 - 6B )1 35 JB 03 )b - - - - - - -
Stainforthig concava (Hoeglund) - - - - - - - - - - - - - - - - - - - - -
Triloculina oblongala (Montaga) - - - - - - - - - - - - - - - - - - - - -
T. trikedra Loeblich and Tappan - - - 20 - - 42 38 - 45 44 03 03 o4 - 20 - - - - -
Trochammina rotaliformds Wright - 0.3 - - - - - - - - - - - - - - - - - - -
Fotaminifera! pumber 62 783 158 51 u 68 24 58 73 89 148 343 38 M7 109 99 25 10 7 5 big
Diverlty 9 12 [] 9 7 12 8 8 il 10 12 41 L} 19 13 4 7 L} 3 [ 8
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Table 15, Borehole PB-8, ostracodes. The distribution and aundance of ostracode species i PB-8 is given as a
percent of the total ostracode fauna. The ostracode mimber (number of valves in 100 grams of sediment) and
the diversity (number of species per sample) is given at the bottom of the table

27 2 5 2 3 2z = = = 5 & &
=2 o — P~ -— S~ - -~ -— - — — > o o -3 o~ - ~y r~
§if EE 2 E 88§ Ef 2222588 22 &£ s
Taxs =
5,5 8 B E g g g of g8 8 % 8 OB oZOEOZOE OB oG
z = - ~ - - - - - = - - ~ - - ~ - - - -« ~ -
SRR EEEEEEEEEEEERE RN
Acanthocythercis dune/mensis (Norman) - - 1.8 20 - - - - - - ~ - - -
Candana 2D, 1.1 - - - - - - - - - - - - - - - N - - -
Clathia off. C. cluthae Brady, Crosskey and Robertson - - . - - . . - - - . - - - . ~ - - -
Cypridopsis oculeata {Liljeborg) a9 - - - - - - - - - - - - - - - -
C p. - - - - - - - - - - - - - - - - - - -
Cythstomorphs macchemegy (Brady and Croeskey) 15.5 - €2 1B 2 107 41 85 26 34 10 4% 1L 20 - - - - 14 0% L8
C p 17 - - - - 23 . 14 o0y - 15 08 - 2.0 - - 12 Lt 02 - -
Cytherapleron montrosicnse Brady, Crosskey and Robertzon 06 - - - - LY} 8.2 49 [ - os - - - - - - - 07 1.1 18
C. nodoroadetym Neale and Howe - - - - - - - - - - L6 - - - - - .
¢ parelalssimum Swain - - - - - - o7 - - - - 23 - . . - -
G pusctatum Brady 17 - - - - - - - - - - - - - - - - - -
C af € pyramydale Nezle and Howe 23 - - - - - - - - - - - - - -
¢ =p. - - - - - - - o1 - - - 0.6 - - - - - 08 -
Cytheretia teshzkpukenais Swain 67 1)y 62 107 43 87 20 44 &6U0 89 35 BS 45 124 123 &1 S8 41l 33 32
Cytherurs sp [ | LS 38 11 - - - - [i%3 - - - . - - 1.4
Bucythere dechsis (Norman) 26 21 L5 18 - 1.1 - - - 0.6 - - - L5 - - -
Fsnmarchanelfn cnrvicosla Neale - 15 - - 2.3 - - - - - a6 - - - - - - - - -
F finmdrchica (Sars) - - - - - - - - - - - - - ~ - - -
Reterocyprdens eorbyina (Jones) 121 202 215 286 868 284 122 103 82¢ M2 WB 267 218 279 w3 7T U6 38 M5 /Y %8
Krithe glociolir Brady. Crosskey and Robertéon - - - - - - - - - - - - - - _
Limnocythere ap. 0.0 - - 18 - - - - - - . - - - - - - - -0 -
Loroconcka venepidesmoides Swain 2.8 - - - - - - - 05 - - - - - - - - - _
Normantzytheve leioderms (Norman) 8§52 167 - - - 13 - 0 14 B)L 1S3 84 L1 1%  as  3) - - - o -
Palmuanclla Amicols (Norman) - - 15 18 - L1 20 14 - - - LI 05 o0a 1S - - a1 11 -
Pearocypridets pacudopuncicdiata Swain 64 146 230 125 326 150 883 SNYT 16 137 163 w5 B0 J0U 54 188 169 160 MU 2wy 36
FPontocythers sp. - - - - - - - - - 0.9 - 06 - - - - - - - ~ -
Rnbalimie msrabskiy (Brady) - - - - - - - - - - - . - . . . .
R. septentnionolu (Brady) 124 125 &1 IL9 43 I3 20 0V 4 S 128 8) 33 50 4y - 61 08 18 82
Roundatoriy globulifzra (Brady) - - - - - 0.1 - - 06 - [y - - 1.2 - L4 - A
Sarricytheridea hradic (Norman) 23 (871 308 196 189 57 at 56 279 3I6 208 2S5 375 453 ar9 200 232 4 8 mp 424
3. punctitiste |Brady) - - L5 23 - ¢ - - - - . . - - - _ - _ .
Stlerockulnr w)y - 2t - - - - - - - - - - - - - - - -
Ostvacode namber G 48 (<3 50 s & {9 42 136 ur W2 172 Ll -d] 34 (S 82 m i+ &% 12
Diversiry (13 M 12 n 1 13 9 12 10 8 11 13 8 1\ 3 1 7 [} 1 " [y
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Tebte 15. Continued

1§ = & § g ¥ ¥ 8 3 ¥ %5 v ¥ 3 ¢ a7 % &€ 7 T 7

S e o Pey - N o~ o ) o - & I » -~ - - ~ - - w3 s

ag = = = = = = = = = = = = = = ot = = = = = =

Taxa ~

sy 5 & 3 3 & 2 3 & 2 3 g8 8 -4 3 S 2 2 - &

E{ F 3§ 2 3 F 3 ZT §F 2 £ oz T £ 8 g 2 § g 9 5 3

2°% ¥ % B % 8§ 5 &8 B %5 % BE BE ¥ ST § £ %§% & % B
Aconthocythareia duneimonris (Norman) - - - - - (2 - - 02 - 68 53 o4 - 21 - - - - -
Candona =p - - 04 - 0.2 - - - - - - 04
Clughis aff. C. eluthae Brady, Crosskey snd Robertson - - - - - - - - - - - - - - - - - - - -
Cypndopa oculeata (Liljebory) - - - - - - - - - - - - - - - - - - - - -
C. sp. - - - 66 20 - - 62 - - - - - - - - 08 - - -
Cyiheromorpha macchemeyn (Brady snd Crosshey) - - 18 - - - 16 a5 0y 22 - 18 - - - 18 38 12 14 06 2B
C. op. - - - - - - 0 - - -1 - 28 - - - 06 12 - - -
Cytheropteron montroasense Brady. Crosskey and Roberizan 0.9 - (i3 - 12 - as 04 - - - - - - - - 0.5 - - 08 04
C wmodossalatyra Neale and Howe %4 - - - - - - 04 - - - N _ _ - _ - - . _
C. peralotianmum Swein - - - - - - s - - - - - - - - - - - - - -
C. puncteturn Brady - - - - - - - - - - - - - - - - - - - -
C. aff € pyramidale Neale and Howe - - - - - - - - - - - - - - - - - - - -
C ep. - - o8 - - - - - - - - - - - - - - - - - -
Cytheretia teshekpukensis Swam 24 11 48 102 L2 3p LE 08 - BE 06 - - - - - 03 - - 06 .
Cytheruso 8p. - - - ~ - - - N - - - - - - - - - - - - 0.9
EBueythere deckvis (Norman) - - - 18 - 08 06 - - - - - - - - - - - _
Pyamarchinella curgicoata Neale - - - - - - - - - - L2 - - - - - - - - -
F, finmorehics (Sars) 05 07 a8 12 - - - - - - - - - - - - - - - -
Hetergcyprides sorbyans (Jones) 94 142 80 (20 327 878 208 296 137 (34 178 J74 28 3 123 - 282 233 20 183 (15
Krithe glanialne Brady, Crozskey sad Robertson - . - - - - - - - - - - - - - - - - -
Limnocythere sp. - - - 08 - (1% I X (¥ - 02 - - - - - - - - - - -
Loxoconche venepidermoides Swain - - - - - 04 04 04 02 - - - - - - - - - - - 04
Normaaieythere leioderma (Normian) - - 24 06 - 04 - - - - - - - - - - - - - - -
Paimanelia imicols (Norman) - - - 08 06 1B 08 04 - - - 08 - - - - - 06 03 11 -
Perocyprideis peewdopunctidlata Swain L8 35 104 180 164 190 410 381 339 828 d57T 420 402 568 7126 853 567 458 4 57?2 €88
FPontocgthers sp. - - - - - - LY - - - - - - - - - - - - - -
Rabilimis micabs (Besdy) - - - - - - - - - Lo
R aepientrsonalu {Brady) 05 198 208 44 83 43 27 &9 135 178 8é 28 08 - - - s - - ne
Roundstonis globuhfeca (Brady) - - - - 12 08 08 - - 02 Lz 08 04 18 - - - - - 06 -
Sarsieythenden bradii (N ) %2 340 498 407 401 78 S 208 1TSS 127 228 73§ 214 A7 126 127 AD 2L5 83 (6T 155
8. punctrlleis (Brady) - - - - - . - - - - 06  1LE 04 - ] - 21 58 45 3% o4
Selevochdus ep - - - - - - - - - - - - - - - - - - - - -
Omtracode namber U7 14 125 6T 182 256 258 26 450 Wl 162 (32 28 120 285 S5 194 172 28 180 226
Divepity 8 ¢ 10 10 9 13 [E3 I [ ° 1 9 & < s 3 [ 8 e Io »
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Table 15. Continued
28 3§ § § ¢ @ 3 5 8 3 &€ 7§ 3 ¥ T T §F 7 F
Zfz 2 28 g5 € 25 85 k2 €222 g &8
Taxs -

s - v = = @ = - - N < v ~ -
52 E P E P § 4 g P & & & A = & 6 E & E ~ e
= = = = = = = = Z = = = = = X
Avanthocythereis dunelmensis (Norman) - - os - - - - - . - - 43 - - . - - -

Oandona sp. - - - - - - - - - - - - -
Gludhia off C cluthae Brady, Crosskey xnd Robertson - - - - - - - - - - L1 - - 21 - - - - -
Cupridopsis aculzeta {Lilyeborg) - - - - - - - - - - - - - - - - - ~ - - -
C. s - 04 - - - - - - - - . . - - - - - N - - -
Cykeromorpha mecchemey (Brady snd Crosskey ) 28 09 - - ~ - - - - - oS - - - - - - -5
C w 06 - - . - - - - - - - - - - - - - - - - -
Cytheropieron montrosenae Brady, Crosskey npd Robertson - - A (&8 256 130 A4 72 - 18 - 127 s 110 6 40T 100 - - - -
C. nodospolatem Neale snd Howe - - - - - - - - - - - - - - - - - - -
€. paralatianmum Swain - - 18 - - - - W} - - - - - - - - . - - -
C. punctatum Brady - - - - - - - - - - - - - - - - - - -
C. af) € pyramidale Neale and Howe - - - - - - - - - - . - - - - - - - - -
C. sp. - - 09 - - - - - - - - - - - - - - - -
Cytheretta tephekpbkenses Swam 09 v - - - - - - - - - - - - - - - 9.1 - -

Cytherure sp 05 - - - - - - . - X1 . - . . - - -
Bucythere declria {Norman) - - - - - - - - - - - - - - -
Puimarckenella curmessta Neale - - - - - - - - - - - - - - - - - -
F. finmarchica (Sun) - ~ - - - - - - - - - - - - - - - - -
BHzterocyprideds sorbyona (lones) 130 204 ~ - - - - - - - - . . 20 21 - - - 182 - 158
Krithe glacialin Brady. Crosshey and Robertaon - - - - 1¢ - - 3.1 - 2.1 - - - - - -
Limnocythere ep. 0.5 - - - . - - - - - - - - - - - - - - - -
Loxoconcha veneprdeemoidea Swain - - - - - - - - - - - - - - - - - - - - -
Normanicythere lovoderma (Norman) - - - - - - - - - - - - - - - - - - - - -
Palmanctls hmicols (Norman) - - - - - - - - - - - - - - - - 100 - - - -
Porscypridess prsudopruncallats Swain 6.7 M4 845 8L3 VB0 &40 78D T34 - 839 - %272 818 TS 872 833 700 - 182 815 %68
Pontocythere sp. - - - - - - - - - - - - - - - - - - - - -
Rebitimis misobilie (Brady) - - - - - 14 - - - 29 - 21 - - - - - - .
R. scptentrionalis (Brady) 05 o4 - - - - - - - - - - - - - W0 - 3L 128 105
Roundstonsa glodulifers (Brady) - - - - - - - - - - - - - - - - - - -
Sorricytherdea bredit (Norman) B3 200 - - - M - - - - - - - - - - - i - »ne
5. punctillnta {Brady) - 107 - - - - - - - - - - - - - - - - - -
Selerochdua p - - - - - - - - - - - - - - - - - - -
Oxraccde sumder mn 228 110 a2 4 2% 19 n o u 0 ©0 2 47 47 3 10 o 111 § 19
Diveraty ¥ 8 5 1 2 3 2 b o 2 0 & S 3 $ 2 4 ] ) 2 5
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APPENDIX 1. — REGISTER OF MICROFOSSIL LOCALITIBS

Latitude: 70° 20.9' N
Longitude: 148°19.3' W
Sea-ice thickness: 1.9 m

Borehole PB-1

Water depth: 0.8 m
Total depth of hole: 31. 2 m

Sample No. Depth below
{MF) PB1 field No. sea level Comments

(meters)

3803 WS 17-18 3.8-4.1

3604 WS 18-19 4.1-4.4

3605 WS 19-19.5 4.4- 4.5

3608 WS 19.5-20 4.5- 4.7

3607 WS 20-20.5 4.7- 4.9

3808 WS 20,5-21 4,9-5.0

3609 WS 21-21.5 5.0- 5.2

3610 WS 21,5-22 5.2- 5.3

3611 WS 23-25 5.6- 6.2

3612 WS 25-27 6.2- 6.8

3613 GSla 6.5- 6.7

3814 GS2 8.2 No foraminifers

3616 G84 8.3 No ostracodes

3817 GSS 8.3 Barren

3618 GSse 8.4 Barren

3619 GSTb 9.0 Barren

3621 WS 37-39 9.9-10.5 Barren

3620 GS 11 15.6 Barren

3622 WS 92-92.5 26.7-26.8 Barren

3623 WS 94,7-100 27.5-29.1 Barren

3624 WS 100-101 29.1-29.4 Barren

3625 WS 101-102 29.4-29.7 Barren

Latitude: 70° 30.6' N
Longitude: 148° 18.0' W
Sea-ice thickness: 2.29 m

Borehole PB-2

Water depth: 9.55 m
Total depth of hole: 41. 37 m

Sample No. Depth below
(MF) PB2 field No. sea level Comments
(meters)
3628 WS 43.8-45.8 11.9-12.5
3629 WS 45.8-47.0 12.5-12.9
3831 Clay bit 49.7 13.7
3656 GS 03 14.0
3632 GS 03e 14,3
3633 GS 04b 15.0
3634 GS 04de 15.5-15.6
3635 GS 05b 15.7
3655 GS 05C 15.9-16.2
3636 GS 05E 16.2
3637 Clay bit 58-80 16.2-16.8
3638 GS 06x 17.7
3639 Clay bit 65.8 18.6
3630 Clay bit 68 19.4 No ostracodes
3640 Clay bit 70.75 20.1 No ostracodes
3653 08A 20.1-20.2
3652 08E 20.5-20.7 No foraminifers
3641 Clay bit 72.8 20.8
3642 WS 73-81 20.7-23.2 Barren
3643 WS 88-92 25.4-26.6 Barren
3644 WS 92-101 26.6-29.3
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Borehole PB-2—Continued

Latitude: 70° 30.68' N Water depth: 9.55 m
Longitude: 148° 18,0' W Total depth of hole: 41,37 m
Sea-ice thickness: 2.28 m
Sample No. Depth below Comments
(MF) PB2 field No. sea level
(roeters)

3645 WS 101-111 29.3-32.4 Barren

3646 WS 111-112 32.4-32.7 Barren

3647 WS 123-126 36.0-36.9 Barren

3648 WS 127-129 37.3-37.9 Barren

3649 WS 129-131 37.9-38.5 Barren

3650 WS 131-133 38.5-39.1 Barren

3651 WS 133-135 39.1-39.7 Barren

Borehole PB-3

Latitude: 70° 25.6'N Water depth: 4.0 m
Longitude: 148° 26.6' W Total depth of hole: 44.1 m
Sea-ice thickness: 1.9 m
Sample No. Depth below
(MP) PB3 field No. sea level Comments
(meters)
3658 GS 01b 5.9-6.5
3669 GS 02b 6.7-7.0
3659 GS 02y 7.3-1.6
3660 GS 03X 7.6-7.9
3661 GS 03x 8.2
3662 GS 05x 9.1
3670 GS 05B 9,3-9.5
3663 GS 06x 10.1
3671 06A 10.6-10.8
3664 WS 40-40.9 10.7-10.9
3665 WS 39.9-43.0 10.6-11.6 Barren
3666 WS 43-44 11.6-11.8 Barren
3667 WS 44-46 11.8-12.5 Barren
3668 WS 46-52 12.5-14.3 Barren
Borehole PB-~5
Latitude: 70° 23.3' N Water depth: 0.3 m
Longitude: 148° 24.7' W Total depth of hole: 11,8 m
Sea-ice thickness: 1.5 m
Sample No. Depth below
(MP) PB3 field No. sea level Comments
(meters)
4148 PBS 2.75 2.8
4149 PBS5 3.90 3.9
4325 PBS 03C 4,2-4.4
4326 PBS5 04c 6.6-6.7
4328 PBS 05D 8.3-8.4
4150 PB5 6A 8.9-9.0
4151 PB5 7A 9.5-9.6
4328 PB5 7D 9.8-9.9
4152 PB5 8A 10.2-10.3
4153 PB5 8C 10.4-10.5
4154 PB5 8D 10.5-10.6
4155 PBS B8E 10.6-10.7
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Latitude: 70° 23' N
Longitude: 148° 30.8' W
Sea~ice thickness: 1.80 m

Borehole PB-6

Water depth: 0.1 m
Total depth of hole: 30.7 m

Sample No. Depth below
(MB) PB6 field No. sea level Comments

(meters)

4156 Shelby tube 1.9

4330 01C 2.1

4157 01f/g 2.4-2.5

4331 2A 2,7-2.8 Barren

4158 3A/C 3.2-3.4 Barren

4159 3E/H 3.5-3.7 No foraminifers

4160 4A 3.9 Barren

4161 4C 4.2 Barren

4332 04E 4,34.4 Barren

4162 5C 4.7-4.8 Barren

4164 g9B/C 11.2-11.4 Barren

Latitude: 70° 24.2' N
Longitude: 148° 28.5' W
Sea-ice thickness: 1.8 m

Borehole PB-7

Water depth: 1.1 m
Total depth of hole: 68.2 m

Sample No, Depth below
{(MF) PB7 field No. sea level Comments
(meters)
4185 Shelby tube 2.9
4333 01D 3.2-3.3
4186 WS 3.75-5,00 3.8-5.0
4187 02A 4.9-5.0
4334 2D 5.2-5.6
4168 WS 5,60-6.12 5.6-8.1
4170 WS 6.12-6.50 6.1-8.5
4169 03A 6.5-6.8

Latitude: 70° 28,5' N
Longitude: 148° 21.8' W
Sea-ice thickness: 2.2 m

Borehole PB-8

Water depth: 4.8 m
Total depth of hole: 32.4 m

Sample No. Depth below
{MF) PB& field No. sea level Comments
{meters)
4171 1A/B 7.0-7.4
4172 1C/2A 7.5-7.7
4173 28 7.8-7.9
4174 2C 8.1-8.5
4175 3A 8.5-8.8
4178 3E 8.8-9.0
4177 4A 9.1-9.2
4178 4E 9.5-9.8
4179 4G 9.7-9.8
4180 5A 9.8-9.9
4181 5C 10.0-10.1
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Borehole PB-8—Continued

Latitude: 700 28,5' N Water depth: 4.8 m
Longitude: 148° 21.6' W Total depth of hole: 32.4 m
Sea-ice thickness: 2.2 m
Sample No. Depth below
{MF) PBS field No. sea level Comments
(meters)
4182 5F 10.2-10.3
4183 6A 10.4-10.5
4184 6C 10.5-10.8
4185 BE 10.7-10.8
4186 6H 10.8-10.8
4187 A 11.1-11.2
4188 C 11.3-11.4
4189 (3 11.4-11.5
4190 ™ 11.5-11.6
4191 8A 11.6-11.7
4192 8D 11.9-12.0
4193 8F 12.0-12.1
4194 8H 12.1-12.2
4195 9A 12.2-12.3
4196 aD 12.5-12.6
4197 9F 12.7-12.8
4198 9H 12.8-12.9
4199 10A 12.9-13.0
4200 10C 13.0-13.1
4201 10E 13.2-13,3
4202 10G 13.4-13.5
4203 11A 13.5-13.6
4204 11C 13.8
4205 11E 14.0-14.1
4208 12A 14.1-14.2
4207 12C 14.3
4208 12E 14.5
4209 12G 14.6-14.7
4210 121 14.7-14.9
4211 13a 15.0-15.1
4212 13C 15.1-15.2
4213 13E 15.2-15.3
4214 13G 15.4
43215 131 15.5-15.8
4216 14A 15.6-15.7
4217 14D 15,9-16.0
4218 15A 16.3-16.4
4336 15C 16.5-16.6
4219 15EB 16.8-16.9
4220 16A 16.9-17.0 No ostracodes
4337 16D 17.2-17.3
4221 17A 17.5-17.6 No ostracodes
4222 17C 17,6~17.7
4223 17E 17.7-17.9
4224 1BA 18.1-18.2
4225 18C 18.3~-18.4
4226 19A 18.7-18.8
4338 19D 19.0-19.2
4227 19F 14,.2-19.4 No ostracodes
4228 20A 20.2-20.3
4231 20A-1 20.3-20.4
4229 20C 20.5-20.7 BRarren
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APPENDIX II. — TAXONOMIC NOTES

Benthie Foraminifers

Ammotium cassis (Parker)—Loeblich and Tappan, 1953, Smithsonian Mise. Coll., vol. 121,
no. 7, p. 33, pl. 2, figs. 12-18.

Bathysiphon sp.—This paper, pl. 1, fig. 1.-~Fragments of an unidentified species of
Bathysiphon.

Buceella frigida (Cushman) = Pulvinulina frigidea Cushman, 1920, Canada Biol. Board,
Canadian Biol., no. 9, p. 12.—This paper, pl. 1, fig. 2.

Buccella inusitata Andersen, 1952, Washington Acad. Seci., Jour., vol. 42, no. 5, p. 148,
tfs. 10-11.

Bucecella sp.—Small specimens which cannot be clearly assigned to a species.

Cassidulina islandica Norvang, 1945, Zoology of Iceland, vol. 2, pt. 2, p. 41, tfs. 7, 8d-f.—
This paper, pl. 1, fig. 3.

Cassidulina norerossi Cushman, 1933, Smithsonian Misc. Coll. vol. 89, no. 9, p. 7, pl. 2,
figs. Ta-c.~This paper, pl. 1, fig. 4.

Cassidulina teretis Tappan, 1951, Cushman Found. Foram Res. Contr.,, vol. 2,pt. 1, p. 7,
pl. 1, fig. 30.—This paper, pl. 1, fig. 5.

Cyeclogyra involvens (Reuss)—Loeblich and Tappan, 1953, Smithsonian Mise. Coll., vol.
121, no. 7, p. 49, pL 7, figs. 4, 5.—This paper, pl. 1, fig. 6.

Dentalina frobisherensis Loeblich and Tappan, 1853, Smithsonian Mise. Coll,, vol. 121, no.

7, p. 55, pl. 10, figs. 1-9.—This paper, pl. 1, fig. 7.
Dentalina gracilis d'Orbigny—MacBeth and Sehmidt, 1973, Jour. Paleo., vol. 47, p. 1052,

pl. 1, {ig. 1.—This paper, pl. 1, fig. B.

Dentalina jttai Loeblich and Tappan, 1853, Smithsonian Mise. Coll., vol. 121, no. 7, p. 56,

pL. 10, figs. 10-12.—This paper, pl. 1, fig. 9.
Dentalina pauperata d'Orbigny—Loeblich and Tappan, 1953, Smithsonian Mise. Coll., vol.

121, no. 7, p- 57, pl. 9, figs. 7-9.

Dentalina sp.?—Fragments which may belong to this genus.

Elphidiella groenlandica (Cushman) = Blphidium groenlandicum Cushman, 1933,

Smithsonian Misce. Coll., vol. 89, no. 9, p. 4, pl. 1, fig. 10.—This paper, pl. 1, fig. 10.
Elphidiella oregonense (Cushmen and Grant)—Loeblich and Tappean, 1953, Smithsonien

Mise. Coll., vol. 121, no. 7, p. 103-105, pl. 18, figs. 1-3.
Elphidium albiumbilicatum (Weiss) = Nonion paueiloculum albiumbilicatum Weijss, 1954,

U.S. Geol. Survey Prof. Paper 254G, p. 157, pl. 32, figs. 1-2.—This paper, pl. 1, fig. 11.
Elphidium asklundi Brotzen—FReyling-Hanssen, 1971, Geol. Soc. of Denmark, Bull. 21, p.
270, pl. 10, figs. 20-21; plL. 11, figs. 1-5.—This paper, pL. 1, fig. 12.
Elphidium cf. E. asklundi Brotzen—This paper, pl. 1, fig. 13.—These are worn, poorly

preserved specimens which oceur commonly in Holocene assembliages.

Elphidium bartletti Cushman, 1933, Smithsonian Misc. Coll., vol. 89, no. 9, p. 4, pl. 1, fig.
8.—This paper, pl. 2, figs. 1-3.

Flphidium cf. E. bertletti Cushman—Worn or poorly preserved speciemens which are

close to E. bartletti.
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Elphidium clavatum Cughman, 1930, U.S. Nat. Mus. Bull. no. 104, p. 20, pl. 7, figs. 10a-
b.—This paper, pl. 2, figs. 4 and 8,

Elphidium excavatum alba Feyling~Hanssen, 1872, Micropaleo., vol. 18, p. 340-341, pi. 3,
figs. 1-9.—This paper, pl. 2, fig. 6.

Elphidium frigidum Cushman 1933, Smithsonian Mise. Coll., vol. 89, no. 8, p. 5, pl. 1, fig.
8.—This paper, pl. 2, figs. § and 9.

Elphidium incertum (Williamgson}—Loeblieh and Tappan, 1953, Smithsonian Mise. Coll.,
vol. 121, no. 7, p, 100-102.—This paper, pl. 2, fig. 7.

Elphidium orbiculare (Brady)—Loeblich and Tappan, 1953, Smithsonian Misc. Coll., vol.
121, no. 7, p. 102, pl. 18, figs. 1-4.—This paper, pl. 2, fig. 10.

Elphidium sp.—~These specimens can be subdivided into two groups. The first are broken
specimens or juveniles of the other Elphidium species. The second group is composed
of forms which may be related to Protelphidium nanum Vilks (Vilks and others, 1379).

Eoeponidiella stromboides Tappan, 1851, Cushman Found. Foram. Res. Contr., vol. 2, pt.
1, p. 6, pl. 1, fig. 22.—The rare specimens identified as this species have probably been

reworked from older sediments.

Bosyrinx curta (Cushman and Ozawa) = Pseudopolymorphina curta Cushman and Ozaws,
1930, Proe. U.S. Nat. Mus., vol. 77, art. 6, p. 105, pl. 27, fig. 31-b.—This paper, pl. 2,
fig. 11,

Pissuring marginats (Montagu)—Loeblich and Tappan, 1953, Smithsonian Misc. Coll., vol.
121, no. 7, p. 77, pl. 14, figs. 6-9.—This paper, pl. 2, fig. 12.

Fisgurina orbignyana Sequenza—Feyling-Hanssen, 1971, Geol. Soc. Denmark, Bull. 21, p.
230, pl. 6, fig. 8.

Fissurina spp.~This paper, pl. 3, fig. 1.—Pragments of unidentified species of Fissurina.

Glandulina laevigata (3*Orbigny)—Loeblich and Tappan, 1953, Smithsonian Mise. Coll.,
vol. 121, no. 7, p- 81, pl. 18, figs. 2-5.

Glandulina sp.—Specimens cannot be identified to species.

Globulina sp.—Specimens cannot be identified further.

Gordiospira arctica Cushman, 1833, Smithsonian Mise, Coll., vol. 89, no. 9, p. 3, pl. 1,
figs. 5-7.~This paper, pl. 3, figs. 2 and 3.

Guttuline austrigca ¢'Orbigny—Feyling-Hanssen, 1971, Geol. Soc. Denmark, Bull. 21, p.
211-212, pl. 4, figs. 8, 9.

Guttulina lactea (Walker and Jacob)—Feyling-Banssen, 1971, GeoL. Soc. Denmark, Bull.,
vol. 21, p. 214, pl. 4, figs. 14-18.—This paper, pl. 3, fig. 4.

Guttulina problema d'Orbigny—Feyling-Hanssen, 1971, Geol. Soc. Denmark, Bull. 21, p.
215, pl. 5, figs. 1, 2.

Guttulina sp.—These specimens may be variants of one of the Guttulina species named

above.

Lagena costata (Williamson) = Qolina costata (Williamson)—Loeblich and Tappan, 1953,
Smithsonjan Mise. ColL, vol. 121, no. 7, p. 68, pl. 13, figs. 4-6.—This paper, pl. 3, fig.
5.

Lagena gracillima (Sequenzaj—Loeblich and Tappean, 1953, Smithsonian Mise. Coll., vol.
121, no. 7, p. 60, pL 11, figs. 1-4.—This paper, pl. 3, fig. 6.
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Lagena hexagona (Williamson) = Oolina hexagona (Williamson)—Loeblich and Tappan,
1953, Smithsonian Mise. Coll., vol. 121, no. 7, p. 69, pl. 14, figs. 1, 2.

Lagena semifineata Wright—Loeblich and Tappan, 1953, Smithsonian Misc. Coll., vol. 121,
no. 7, p. 65, pl. 11, figs. 14-22.

Lagena sp.—This paper, pl. 3, fig. 7.—Small specimens which cannot be identified to

species.

Oolina lineata (Williamson)—Loeblich and Tappan, 1953, Smithsonian Mise. Coll., vol.
121, no. 7, p. 790, pl. 13, figs. 11-13.—This paper, pl. 3, fig. 8.

Oolina melo d'Orbigny—Loeblich and Tappan, 1953, Smithsonian Misc. Coll,, vol. 121, no.
7, p. 71-72, pl. 12, figs. 8-15.

Oolina sp.—Unidentified specimens.

Parafissurina himatiostoma Loeblich and Tappan, 1953, Smithsonian Mise. Coll., vol. 121,
no. 7, p. 80, pl. 14, figs. 12-14.—This paper, pl. 3, fig. 9.

Parafissurina lateralis carinata Buchner—Feyling-Hanssen, 1971, Geol. Soc. Denmark,
Bull. 21, p. 233, pL 6, figs. 12-13.

Pateoris hauverinoides (Rhumbler)—Loeblich and Tappan, 1953, Smithsonian Misc. Coll.,

vol. 121, no. 7, p. 42, pl, 6, figs. 8-12.—This paper, pl. 3, fig. 10,

Polymorphina subolonga Cushman and Ozawa = Pseudopolymorphina suboblonga Cushman
and Ozawa, 1830, U.S. Nat. Mus., vol. 77, art. 8, p. 91, pl. 23, figs. 3a~¢.—This paper,
pl. 3, figs. 11-13.

Polymorphina sp.—Fragments probably of P. suboblonga.

Pseudopolymorphina gretica MacBeth and Schmidt, 1379, Jour. Paleo., vol. 47, no. 8, p.
1054-1055, pl. 1, figs. 7-9.—This paper, pl. 4, fig, 1.

Pyrgo williamsoni (Silvestri)}~Loeblich and Tappan, 1953, Smithsonian Mise. Coll., vol.
121, no. 7, p. 48, pl. 6, figs. 1-4.—This paper, pl. 4, fig. 2.

Pyrulina sp.—Specimens can be identified to genus only.

Quinqueloculina arctica Cushman, 1933, Smithsonian Mise. Coll., vol. 89, no. 9, p. 2, pl.
1, fig. 3.—This paper, pL 4, fig. 3.

Quinqueloculing seminulum (Linne}—Feyling-Hanssen, 1971, Geol. Soc. Denmark, Bull. 21,
p. 194, pl. 1, figs. 18-20.—This paper, pl. 4, fig. 4.

Quinqueloeulina ef. Q. seminulum (Linne)--Specimens resemble 'this species but are too
poorly preserved for a positive identification.

Quingueloculina sp.—Unidentified fragments of Quinqueloculina.

Quinqueloculina stalkeri Loeblich and Tappan, 1853, Smithsonian Mige. Coll., vol. 121, no.
7, p. 490, pl. 5, figs. 5-9,

Quinqueloculina subrotunda (Montagu)—Vermiculum subrotundum Montagu, 1803,
Testecea Britanniea, Hollis, Romsey, England, p. 52%.

Quinqueloeculing ef. Q. subrotundum (Montagu)~—Worn and broken specimens which
probably belong to this species. .

Quinqueloculina vulgaris d'Orbigny, 1826, Ann. Sei. Nat., ser. 1, tome 7, p. 302,—This
paper, pl. 4, {fig. 5.

Reophax arctica Brady—Loeblich and Tappan, 1953, Smithsonian Misc. Coll., vol. 121, no.
7, p- 21, pl. 1, figs. 18-20.
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Reophax ¢f. R. arctica Brady—This paper, pl. 4, fig. 7.—Fragments whieh resemble this

species,

Reophax seorpiurus Montfort—Loeblieh and Tappan, 1953, Smithsonian Mise. Coll., vol.
121, no. 7, p. 24, pl. 2, figs. 7-10.—This paper, pl. 4, fig. 6.

Reophax sp.—Fragments which can only be identified to genus.

Seutuloris tegmenis Loeblich and Tappan, 1953, Smithsonian Mise. Coll., vol. 121, no. 7,
p. 41, pl. 5, fig. 10.
Silicogigmoilina groenlandica (Cushman), emend. Loeblich and Tappan, 1853,

Smithsonian Mise. Coll., vol. 121, no. 7, p. 38, pl. 4, figs. 7-10.—This paper, pl. 4, {ig.
8.

Stainforthia concava (Hoeglund) = Bulimina exilis Brady, Loeblich and Tappan, 1953,
Smithsonian Mise, Coll., vol. 121, no. 7, p. 110, pl. 20, figs. 4-5.~This paper, pl. 4, fig.
9.

Trichyohalus sp.—These specimens could not be assigned to a known species because of
poor preservation.

Triloeulina oblongata (Montagu) = Vermiculum oblongum Montagu, 1803, Testacea
Britannica, Hollis, Romsey, England, p. 522, pl. 14, fig. 9.

Triloculina trihedra Loeblich and Tappan, 1953, Smithsonian Mise, Coll., vol. 121, no. 7,
p. 45, pl. 4, fig. 10.—This paper, pl. 4, fig. 10.

Trochamming nana (Brady)—Loeblich and Tappan, 1853, Smithsonian Mise. Coll., vol. 121,
no. 7, p. 50, pl. 8, fig. 5.—~This paper, pl 4, {ig. 11.

Trochammina rotaliformis Wright—Loeblich and Tappan, 1953, Smithsonian Mise. Coll.,
vol. 121, no. 7, p. 51, pl. 8, figs. 6-3.—This paper, pl. 4, fig. 12.

Ostracodes

Acanthocythereis dunelmensis (Norman)—Robinson, 1978, A stratigraphical index of
British Ostracodsa, ed. R. H. Bate and E. Robinson, Seel House Press, pl. 2, figs. 2a-c.—
This paper, pl. 13, figs. 2-4.

Candona cf. C. ecandida (Mueller)—This paper, pl. 14, fig. 6.—Assignable to Candona
rectangulata Alm.

Candona sp.-This specimen js a juvenile, The various instars of an ostracode undergo
marked changes in valve shgpe, inner margin features, and ornament. This instar is too
immature and generalized to be assignable to a species.

Cluthia aff. C. cluthae (Brady, Crosskey, and Robertson)—This paper, pl. 10, fig. 8. —
Assignable to Cytherurs complanats (Brady, Crosskey, and Robertson).

Cyprid sp.—This paper, pl. 14, fig. 8.—Assignable to Heterocypris incongruens (Ramdonhr)
species complex.

Cypridopsis acuieata (Costa, 1847) = Sarseypridopsis aculeata. A new genus,
Sarseypridopsis, has been erected for this species and related forms. The species is
well {llustrated in Wagner, 1957, p. 27, pl. 7.—This paper, pl. 14, fig. 5.

Cypridopsis sp.—Not enough material is present to assign this specimen to a species.

Cyprinotus sp.—Not enough material is present to assign this specimen to a species.
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Cytheretta teshekpukensis Swain, 1963, Jour. Paleo., vol. 37, p. 831-832, pl. 95, figs.
19e,b.—This paper, pl. 14, figs. 1-2,

Cytherissa lacustris (Sars)—Robinson, 1978, A stratigraphical index of British Ostracoda,
eds. R. H. Bate and E. Robinson, Seel House Press, pl. 4, figs. Sa-c.—~This paper, pl. 14,
tig. 4.

Cytheromorpha macchesneyi (Brady and Crosskey)—Cronin, 1981, Micropaleo., vol. 27, p.
410, pl. 9, figs. 5-8.—This paper, pl. 9, figs. 1 - 3, 6.

Cytheromorpha sp. A—This paper, pl. 9, figs. 4, 5, 7.—This form represents a new,
undescribed species which has been recognized by Brouwers in many Pleistocene and
Holocene sarples from the North Slope and the Beaufort Sea.

Cytheropteron montrosiense Brady, Crosskey, and Robertson—Whatley and Masson, 1979,
Rev. Esp. Micropaleo., vol. 1%, p. 240-241, pl. 2, figs. 1-4, 8.—~This paper, pl. 12, figs.
1-7.

Cytheropteron nodosoalatum Neale and Howe, 1975, Bull. Am. Paleo., vol. 65, pl. 8, figs.
8, 105 pl. 7, figs. 4, 10, 11.

Cytheropteron paralatissimum Swain, 1963, Jour. Paleo., vol. 37, p. 817, pl. 95, fig. 12.—
This paper, pl. 12, fig. 8.

Cytheropteron punctatum Brady—Whatley and Masson, 1979, Rev. Esp. Micropaleo., vol.
11, p. 249-250, pl. 7, figs. 7-10, 13, 14,~This paper, pl. 11, fig. 7.

Cytheropteron aff, C. pyramidale Neate and Howe—This paper, pl. 11, figs. 1-3, 5. —
Assignable to Cytheropteron nodoscalatum Neale and Howe.

Cytheropteron sp. B—This paper, pl. 11, figs. 4, 6,—This form represents & new,
undescribed species which has been recognized by Brouwers only in the PB borehole
samples.

Cytherure sp. A—This paper, pl. 11, fig. 8.—This form represents a new, undesecribed
species which has been recognized by Brouwers only in the PB borehole samples.

Cytherura sp. B—This paper, pl. 10, fig. 2.—This form represents a new, undescribed
species which has been recognized by Brouwers only in the PB borehole samples.

Cytherura sp. C—This paper, pl. 10, fig. 1.—This form represents & new, undescribed
species which has been recognized by Brouwers only in the PB borehole sampies.

Cytherure sp. D—This paper, pL 10, fig. 4.—This form represents-a new, undescribed
species which has been recognized by Brouwers only in the PB borehole semples.

Eueythere declivis {Norman)—Norman, 1865, Natura) History Transactions of
Northumberland and Durham, vol. 1, p. 16-17, pl. 5, figs. 8-12,

FPinmarchinella (Barentsovia) curvicosta Neale, 1874, Bull. Brit. Mus. (Nat. Hist.), vol. 27,
p. 90-81, pl. 1, figs. 1-3; pL. 2, figs. 3, 7-9, 13.—This paper, pL 13, figs. 5-6.

Finmarchinella (Finmarchinella) finmarchica (Sars)—Neale, 1974, Bull, Brit. Mus. (Nat,
Hist.), vol. 27, p. 84-85, pl. 1, figs. 6, 73 pL 2, figs. 1, 5.—This paper, pl. 13, fig. 7.

Heterocyprideis sorbyana {Jones)—Robinson, 1978, A stratigraphic index of British
Ostracoda, Bate, R. H,, and Robinson, E., Eds., Seel House Press, pL 2, figs. 3a—¢.—
This paper, pl. 6, figs. 1-4,

Nyoeypris sp. = Oyocypris gibba Ramdohr—Wagner, 1957, Sur les Ostracodes du
Quarternaire Récent des Pays-Bas et leur utilisations dans 1'dtude Geologique des
Depots Holocenes, Mouton and Co., p. 32, pl. 10,—This paper, pl. 14, fig. 3.
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Krithe glacialis Brady, Crosskey, and Robertson—Roblnson, 1978, A stratigraphic index
of British Ostracoda, Bate, R. H., and Robinson, E., Eds., Seel House Press, pL 6, {igs.
8a,0.—This paper, pl. 7, figs. 3, 5.

Limnocythere liporeticulata Delorme, 1968, Can. J. Zool, pl. 5, figs. 76-80.—This paper,
pl. 14, fig. 7.

Limnocythere sp.~This specimen is poorly preserved and not assignable to a deseribed
species.

Loxoconcha elliptica Brady, 1868, Trans. Linnean Soc¢. London, p. 435, pl. 27, figs. 38, 39,
45-48.—Thnis paper, pl. 7, fig. 1.

Loxoconcha sp.~This specimen is poorly preserved and not assignable to a deseribed
species.

Loxoconcha venepidermoidea Swain, 1963, Jour. Paleo., vol. 37, p. 819-820, pi. 95, fig.
20; pl. 97, fig. 5; pl. 98, figs. 3a,b.—This peper, pl. 7, figs. 2, 4.

Normanjeythere leloderma (Norman)—Robinson, 1978, A stratigraphic index of British
Ostracoda, Bate, R. H., and Robinson, E., Eds., Seel House Press, pl. 2, figs. 7a-¢. —
This paper, pl. 5, figs. 6-8.

Palmanella limicola (Norman)—Swain, 1963, Jour. Paleo., vol. 37, p. 830-831, pl. 99, figs.
3a-d.—This paper, pL 13, fig. 8.

Paracyprideis pseudopunctillata Swain, 1963, Jour. Paleo., vol. 37, p. 812-813, pL. 95,
figs. 9, 13; pl. 96, fig. 12; pl. 97, figs. 14, 17; pl. 98, figs. 4a-e.—This paper, pl. 8, figs.
1-5,

Pontocythere sp. A—This paper, pl. 10, fig. 8.—This form represents a new, undescribed

species which has been recognized by Brouwers in many Pleistocene and Holocene
samples from the North Slope and the Beaufort Sea.

Rabilimis mirabilis (Brady)—Robinson, 1978, A stratigraphic index of British Ostracoda,
Bate, R, H., and Robinson, E., Eds., Seel House Press, pl. 2, figs. 6a—c; pl. 6, figs. 9a-
b.—This paper, pl. 13, fig. 1.

Rabilimis septentrionalis (Brady) = Pseudocythereis simpsonensis Swain, 1963, Jour.
Paleo., vol. 37, pl. 97, figs. 4, 12, 20; pL. 98, figs. 128—d.—This paper, pl. 5, figs. 1-8,

Roundstonia globulifera (Brady)—Robinson, 1978, A stratigraphicel index of British
Ostracoda, Bate, R. H., and Robinson, E., Eds., Seel House Press, pl. 6, figs. 7a,b.—
This paper, pl- 10, fig. 5.

Sarsieytheridea bradii (Norman) Athersuch, 1982, In Fossil and Recent Ostracodes, Bate,
R. H., Robinson, E., and Sheppard, L, M., Eds., Ellis Harwood Ltd., p. 241, pl. 8, figs. 1-
4,—This paper, pl. 8, figs. 7, B.—Athersuch (1982) designated a new genus
(Sarsicytheridea) for Quaternary Arctic taxa formerly considered to be Bucytheridea.
The original concept of Bucytheridea was not based on a distinet group of texa, but
rather on a mistaken concept of zoological nomenclature.

Sarsicytheridea punctillata (Brady) Athersuch, 1982, in Fossil and Recent Ostracodes,
Bates, R. H., Robinson, E., and Sheppard, L. M., Eds., Ellis Harwood Ltd., p. 241-242,
pL 8, figs. 7-11,—This paper, pl. 7, figs. 6-8.

Selerochilus sp.—This paper, pL 10, fig. 5.-Not enough material is present to assign this
specimen to a species.
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A

Scanthocythereis dunelmensis, 24, 28, 33, U5,
N6, 47, 55; pl. 13

aculeata, Cypridopsis, 45, 46, 47, 55; pl. 14

Sarscypridopsis, 55

alba, Elphidium excavatum, 3, 7, t1, 14, 15, 16,
19, 22, 27, 28, 30, 32, 34,
36) 38) nol l121 u3) uu! 53;
pl. 2

albiumbilicatum, Elphidium, 7, 19, 24, 32, 3o,
38, 4o, 42, 43, ua, 52; pl.
1

Nonion pauciloculum, 52
Ammotium cassis, 30, 42, 43, ¥4, 52
arctica, Gordiospira, 24, 42, 43, 44, 53; pl. 3
Pssudopolymorphina, 32, 54; pl. 4
arctica, Quinqueloculina, 15, 32, 36, 40, 42,
43,744, S4; pi. Y
arctica, Reophax, 38, 42, 43, N4, 54, 55; pl. 4
asklundi, Elphidium, 3, 4, 14, 20, 27, 28, 30,
32, 34, 36, 38, 40, 42, 43,
44, 52; pl. ?
austriaca, Guttulina, 30, 32, 53

2]

balthica, Macoma, 10

(Barentsovia) curviocosta, Finmarchinella, 28,
56; pl. 13

bartletti, Elphidiam, 7, 11, 14, 21, 32, 34, 36,
38, W2, 43, 44, 52; pl. 2

Bathysiphon sp., 52; pl. 1

Bathysiphon spp., 32
bradii, Sarsicytheridea, 1%, 15, 24, 28, 30, 31,

33) 35! 37’ n19 ns! ubl q7l
57; pl. 8

Buccella frigida, 1, 7, 11, 14, 15, 23, 24, 27,
30, 32, 34, 36, 38, 40, 42,
43, 44, 52; pl. 1

Buocella inusitata, 42, 43, 44, S2

sp., 42, 43, 4y, s52
Bulimina exilis, 55

C

- candida, Candona, 4, 6, 31, S5; pl. 14
Candona candida, L4, 6, 31, 55; pl. 14
rectangulata, 55
sp., 20, 24, 37, ¥1, 45, 4o, 47, 55
Cape Broughten Interstadial, 3
carinata, Parafisgsurina lateralig, 42, 43, U4,
54

Cassidulina, 1
islandica, 6, 7, 14, 21, 24, 30, 32, 36,
42, 43, 44, 52; pl. 1
norcrossi, 7, 24, 32, 36, 42, 43, 44, S2;
pl. 1
teretis, 14, 24, 52; pi. )
oassis, Ammotium, 30, 42, 43, #4, 52
Chara, 11, 15
clavatum, Elphigium, 1, 3, 11, 14, 19, 21, 23,
24, 28, 30, 32, 34, 36, 40,

clavatum, Elphidium--continuved

42, 43, 44, 53; pl. 2

cluthae, Cluthia, 1, 24, 28, U5, 46, 47, 55; pl.
30

Cluthia cluthae, 1, 24, 28, 45, 46, 47, 55; pl.

10
complanata, Cytherura, 55
concava, Stainforthia, 1, 7, 27, 32, 42, 43, i,

55; pl. U
costata, Lagena, 42, 43, 44, 53; pl, 3
Qolina, 53
curta, Bosyrinx, 32, 53; pl. 2

Pseudopolymorphina, 53
curvicosta, Finmarchinella, 24, 45, 46, 47

Finmarchinella (Barentsovia), 28, 56; pl.
13
Cyologyra involvens, 32, 34, 42, 43, 44, 52; pl.
1
Cyprid sp., 37, 55; pl. i
Cypridopsis aculeata, 45, 456, 47, 55; pl. i4

sp., 24, 85, U6, 47, S5
Cyprinotus sp., 15, 37, 55
Cytheretta teshekpukensis, 15, 28, 33, 35, 37,
39, U1, 45, 46, 47, 56; pl.
14
lacustris, 20, 37, 43, 56; pl. 14
Cytheromorpha macchesneyi, 15, 16, 20, 24, 31,
33, 35, 37, 39, 41, U5, U6,
Y7, 56; pl. 9
sp. A, 24, 28, 56; pl. 9
sp‘) 31) 35] 37| 39] n1’ uS, “6, 47
Cytheropteron montrosiense, 9, 11, 15, 24, 28
33, 35, 37, 45, 46, 47, 56;
pl. 12
nodoscalatum, 45, 46, 47, 56
paralatissimum, 28, 28, U5, 46, 47, 56; pl.
12
punctatum, 45, 46, 47, 56; pl. 11
pyramidale, 45, 46, 47, 56; pl. 1
sp. B, 11, 56; pl. 11
spp., 24, 28
sp., 24, 35, 45, 46, by
Cytherura complanata, 55
sp. A, 56; pl. 11
sp. B, 56; pL. 10
sp. C, 56; pl. 10
sp. D, 28, 28, 56; pl. 10
spp., 24, 28
sp., 45, 46, L7

D

declivis, Eucythere, 20, 24, 35, 37, 41, U5, 46,
47, S6; pl. 9

Dentalina, 21
frobisherensis, 32, 32; pl. 1
gracilis, 32, 52; pi.
ittai, 34, 42, 43, 4§, 52; pl. 1
pauperata, 42, 43, 44, 52
sp., 32, 52
dunelmensis, Acanthocythereis, 24, 28, 33, 45,
46, 47, 55; pl. 13

E

elliptica, Loxoconcha, 4, 31, 33, 57; pl. 7
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Elphidella groenlandica, 3, 4, 10, 11, 14, 19,

20, 21, 22, 27, 28, 30, 32,
34, 34, 36, 38, 40, 42, 43,
44, 52; p1. 1

oregonense, 42, 43, 44, 52

Elphidium, 1, 6, 11, 15
aldbiumbilicatum, 7, 19, 24, 32, 36, 38, 4o,
42, 43, &4, 52; pl. 1

asklundi, 3, Y4, 14, 20, 27, 28, 30, 32, 34,
36, 38, 40O, 42, 43, 44, 52;
pl. 13

bartlettd, 7, 11, 14, 21, 32, 34, 36, 38,
42, 43, N4, 52; pl. 2

clavatum, 1, 3, 11, 14, 19, 21, 23, 24, 28,
30, 32, 34, 36, 40, 42, A3,
by, 535 pl. 2

excavatum alba, 3, 7, 11, 14, 15, 16, 19,

— 22, 27, 28, 30, 32, 34, 36,
38, 40, 42, 43, 44, 53; pl.
2

frigidum, 11, 32, 34, 42, 43, 44, 53; pl. 2

groenlandicum, 52

incertum, 7, 14, 22, 23, 27, 30, 32, 34,
NO, L2, 43, 44, 53; pl. 2

orbiculare, 3, 11, 13, 14, 15, 16, 19, 21,
23, 24, 27, 28, 30, 32, 34,
36, 38, 40, 42, 43, 44, 53;
pl. 2

sp., 2%, 30, 32, 36, 42, 43, u4, 53

Boeponidella strombodes, 32, 53

Eosyrinx curta, 32, 53; pl. 2

Bueythere declivis, 20, 24, 35, 37, 41, 45, Up,

47, 56; pl. 9

guoytheridea, 57
axoavatum alba, Elphidium, 3, 7, 11, 14, 15, 16,

19) 22’ 27) 28; 30. 32) 3“!
36, 38, 40, 42, 43, a4, 53;
pl. 2

exilis, Bulimina, 55

F

finmarohica, Finmarchinella, 2L, U5, 46, L7
Finmarchinella (Finmarchinella), 28, 56;
pl. 13

Finmarchinella, 1
curvigosta, 24, 45, 46, U7
finmarchica, 24, U5, 48, 47
(Barentsovia) curvicosta, 28, 56; pl. 13
(Finmarchinella) finmarchica, 28, 56; pl.
13
(Finmarchinella) finmarohica, Finmarchinella,

frigidum, Elphidium, 17, 32, 34, 42, 43, 44, 53;

pl. 2
frobisherensis, Dentalina, 32, 52; pl. 1

G

gibba, Iiyoeypris, 56

Glandulina sp., 42, 43,

glacialis, Krithe, 1, 7, 24, 28, 33, 45, U6, 47,
57: pl. 7
4y, 53
laevigata, 32, 34, 53
globulifera, Roundstonia, 20, 28, 41, Y5, U6,

47, 57; pl. 10

Globulina sp., 40, 53

Gordiospira arctica, 24, 42, 43, 44, 53; pl. 3

gracilis, Dentalina, 32, 52; pl. 1

gracillima, Lagena, 14, 32, 34, 36, 42, 43, 44,

53; pl. 3
groenlandica, Elpnhidiella, 3, 4, 10, 11, id4, 19,
20, 21, 22, 27, 28, 30, 32,
34, 36, 38, 40, 42, 43, uu,
52; pl. 1
Silicosigmoilina, 32, 40, 55; pl. 4
groenlandicum, Elphidium, 52

Gubik Formation, 2
Flaxman Member, 9
age, 9
Guttulina austrisca, 30, 32, 53

M’ 30) 32, 31‘) 53; pl. 3
roblema, 32, 42, 43, uk, 53
sp., 32, 53
H

hauverinoides, Pateoris, 42, 43, Ui, 54; pl. 3

Heterocyprideis, 1t

sorbyana, 4, 11, 15, 16, 24, 28, 31, 33,
35, 37, 39, 41, u5, 46, 47,
56; pl. 6
Heterocypris lnoongruens, 55

hexagona, Lagena, 42, 43, U4, 5K

Oolina, 54
himatiostoma, Parafissurina, 32, 54; pl. 3

I

Ilyocypris gibba, 56

sp., 20, 37, 41, 56; pl. 1A
incertum, Elphidium, 7, 14, 22, 23, 27, 30, 32,

34, 40, 42, 43, 44, 53; pl.
2
incongruens, Heterocypris, 55

28, 56; pl. 13
Fiasurina, 21
marginata, 32, 53; pl. 2
orbignyana, 32, 53
spp., 32, 42, 43, u4, 53; pl. 3
Flandrian transgression, 1, 2, 3, 4, 6, 11, 13,
21, 24, 26, 27, 28
Flaxman Member, 27
Gubik Formation, 3, 9
age, 9
frigida, Buccella, 1, 7, 11, 4, 15, 23, 24, 27,
30, 32, 34, 36, 38, MO, 42,
43, L4, 52; pl. 1
Pulvinulina, 52
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inusitata, Buccella, 42, 43, u4, 52

involvens, Cyclogyra, 32, 34, 42, 43, ub, 52;

pl. 1
islandica, Cassidulina, 6, 7, 14, 21, 24, 30,

32, 36, 42, u3, 44, 52; pl.
1

ittai, Dentalina, 34, 42, 43, 44, 52; pl. 1

J, K, L

Jameson Land Interstadial, 3
Krithe glacialis, 1, 7, 24, 28, 33, 45, 46, 47,

57; pl. 7
lactea, Guttulina, 30, 32, 34, 53; pl. 3




lacustris, Cytheriasa, 20, 37, 41, 56; pl. 14
laevigata, Glandulina, 32, 34, 53
Lagena, 21
costata, 42, 43, 44, s53; pl. 3
gracillima, 14, 32, 34, 36, 42, 43, 44, 53;
pl. 3
hexagona, U2, 43, 4%, 54
semilineata, 54
semistriata, 42, 43, U4
ap., 42, L3, 44, 54; pi. 3
lateralis carinata, Parafissurina, U2, 43, 44,
54
leioderma, Normanicythere, 1, 9, 24, 28, 33, 45,
ug, 47, 57; pl. 6
1imicola, Palmanella, 11, 24, 28, 33, 35, i5,
u6, 47, 57; pl. 13
Limnocythere liporeticulata, 15, 37, 57; pl. 4
sp., 18, 20, 24, 37, 39, M1, 45, U6, 47, 57
lineata, Oolina, 32, 54; pl. 3
liporeticulata, Limnooythere, 15, 37, 57; pl. 14
Loxoconcha elliptioca, 4, 3%, 33, 57; pl. 7
venepidermoidea, 15, 28, 31, 33, 37, 41,
us, 46, 47, 57; pl. 7

Sp‘) N1l 57
M
maochesneyi, Cytheromorpha, 15, 16, 20, 24, 31,

33, 35, 37, 39, 41, 45, U6,
u7, 56; pl. 9

Macoma balthica, 10

marginata, Fissurina, 32, 53; pl. 2

melo, Oolina, 34, SY

Middle Wisoonsin interstadial, 3

Middle Wisoconsin transgression, 1, 2, 3, 14, 24,
26, 27, 28

mirabilis, Rabilimis, 1, 7, 24, 28, 33, 45, u6,
47, 57; pl. 13

montrosiense, Cytheropteron, 9, 11, 15, 24, 28,
33, 35, 37, U5, 46, 47, S6;
pl. 12

N, O

nana, Troohammina, 34, 40, 55; pl. 4
nanum, Protelphidium, 53
nodosoalatum, Cytheropteron, 45, 46, u47, 56
Nonion paucilooulum albjumbilicatum, 52
norcrossl, Cassidulina, 7, 24, 32, 36, 42, 43,
by, 52; pl. 1
Normanieythere leioderma, 1, 9, 24, 28, 33, 45,
46, 47, 57; pl. 6
oblongata, Trilooculina, 42, 43, L4, S5
oblongum, Vermiculum, 55
Oolina costata, 53
hexagona, 5U
lineats, 32, 54; pl. 3
melo, 34, 54
sp., 32, 54
orbioulare, Elphidium, 3, 11, 13, 14, 35, 16,
19, 21, 23, 24, 27, 28, 30,
32, 34, 36, 38, 40, W42, 43,

3y, 53; pl. 2
orbignyana, Figssurina, 32, 53
oregonense, Elphidiella, 42, L3, ub, 52

P

Palmanella limicola, 11, 24, 28, 33, 35, 45, b,
47, 57; pl. 13
Paracyprideis pseudopunctillata, 4, 11, 15, 20,
2k, 28,731, 33, 35, 37, 39,
41, 45, u6, 47, 57; pl. B
Parafiasurina himatiostoma, 32, S4; pl. 3
lateralis carinata, 42, U3, 44, si
paralatissimum, Cytheropteron, 24, 28, 45, 46,
47, 56; pl. 12
Pateoris hauverinoides, 42, 43, 44, 54; pl. 3
pauciloculum alblumbiliocatum, Nonion, 52
pauperata, Dentalina, 42, 43, 44, 52
Pelukian transgression, 1, 2, 3, 4, 6, 8, 9, 13,
1w, 21, 24, 25, 27, 28
defined by Hopkins, 2
Polymorphina spp., 30, 32, 34, 36, 38, 40, 42,
43, 44

sp., 54
Polymorphina suboblonga, 32, 34, 54; pl. 3
Pontocythere sp. A, 15, 20, 28, 57; pl. 10
sp-, 37, 41, U5, 46, u7
problema, Guttulina, 32, 42, 43, #4, 53
Protelphidium nanum, S3
Pseudocytherets simpsonensis, 57
Pseudopolymorphina arctica, 32, 54; pl. 4
ourta, 53

suboblonga, 54
pseudopunctillata, Paracyprideis, 4, 11, 15, 20,

2“' 28) 31> 33) 35| 37) 39,
41, 45, U6, 47, 57; pl. 8
Pulvinulina friglida, 52
punctatum, Cytheropteron, 45, 46, 47, 56; pl. 11
punctillata, Sarsioytheridea, 24, 28, 41, 15,
L6, 47, 57; p1. 7
pyramidale, Cytheropteron, 45, 46, 47, 56; pl.
11
Pyrgo williamsoni, 34, 42, 43, 44, 54; pl. 4
Pyrulina sp., 32, 5

Q

Quinqueloculina arctica, 15, 32, 3b, 40, 42, 43,
4y, s5u4; pl. Y
seminulum, 32; 3‘4, uo. 42! 43, ,'“"1 5“; pl'
i

stalkeri, U2, U3, 4%, 5
subrotunda, 32, 34, 54
vulgaris, 32, 54; pl. 4
spp., 32, 36, 42, 43, u4
sp., 54

R

Rabilimis mirabflis, 1, 7, 24, 28, 33, 45, 46,
47, 57; p1, 13
septentrionalis, 11, 15, 20, 24, 28, 31,
33, 35, 37, 39, Ui, U5, 46,
47, 57; pl. 5
rectangulata, Candona, 55
Referenoes cited, 28
Reophax arotica, 38, 42, 43, L4, sS4, 55:; pl. U
scorpiurus, 34, 42, 43, 44, 55; pl. 4
sp., 36, 55
rotaliformis, Trochammina, 82, 43, U4k, 55; pi1. 4
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Roundstonia, 1
lobulifera, 20, 28, 41, U5, 46, 471, S7;
pl. 10

S

Sandnes Interstadial, 3
Sangamon jnterglacial, 2, 3, 9
Sarsoypridopsis, 55
aculeata, S5
Sarsioytheridea, 1, 57
bradii, 31, 15, 24, 28, 31, 33, 35, 37, 39,
41, 45, H6, 17, 57; pl. 8
punotillata, 24, 28, 41, 45, 46, 47, 57;
pl. 7
Scleroohilus sp., 45, 46, 47, 57; pl. 10
scorpiurus, Reophax, 34, 42, 43, 44, 55; pl. U
Scutuloris tegmenis, 34, 42, 43, 4y, 55
semilineata, Lagena, 54
seminulum, Quinqueloculipa, 32, 34, 40, #42, 43,
Ly; pl. 4
gemistriata, Lagena, 42, U3, 4U
septentrionalis, Rabilimis, 11, 15, 20, 24, 28,
31) 33) 35) 37, 39, u1) "15,
46, 47, 57; pl. 5
Siligosigmoilina groenlandioa, 32, 40, S55; pl. 4
simpaonensis, Pssudooythereis, 57
Simpsonian transgression, 3, 2, 4, 6, 9, 14, 24,
26, 27, 28
defined by Carter and Brigham-Grette, 3
sorbyana, Heterooyprideils, %, 11, 15, 16, 24,
28, 31, 33, 35, 37, 39, 41,
y5, 46, 47, 56; pl. o
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Stainforthia concava, 1, 7, 27, 32, 42, 43, u4,
55; pl. M

stalkeri, Quinqueloculina, 42, 43, 44, Si

strombodes, Eoeponidella, 32, 53

suboblonga, Polymorphina, 32, 34, 54; pl. 3

Pseudopolymorphina, 54
subrotunda, Quinquelooulina, 32, 34, 54
subrotundum, Vermioulum, 54

T

tegmenis, Scutuloris, 3U, U2, %3, uyu, s5
teratis, Cassidulina, 14, 24, 52; pl. 1
teshekpukengis, Cytherstta, 15, 28, 33, 35, 37,
39, &y, U5, U6, 7, 56; pl. 14
Trichyohalus sp., 32, 55
trihedra, Triloculina, 32, 42, 43, ¥4, 55; pl, U
Triloculina oblongata, 42, 43, ¥4, 55
trihedra, 32, 42, 43, 44, 55; pl. 4
Trochammina nana, 34, 40, 55; pl. 4
rotaliformis, 42, 43, 44, 55; pl, A4

v, W

venepldermoidea, Lokoconoha, 15, 28, 31, 33, 37,
4y, ¥5, 46, 47, 57; pl. 7

Vermiculum oblongum, 55

subrotundum, 5S4
vulgaris, Quinguelogulina, 32, S4; pl. 4
williamsoni, Pyrgo, 3%, 42, 43, 4%, 54; pl, 4
Wisconsin glaecial, 9
Woronzofian transgression of Hopkins, 3
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11,
12.
13.

PLATE 1

Bathysiphon sp.

Locality MF3658 (PB-3). Bar equals 400 ym.
Buceella frigida (Cushman)

Locality MF4152 (PB-~5). Bar equals 100 um.

. Cassidulina islandica Norvang

Locality MF3633 (PB-2). Bar equals 100yum.
Cassldulina norerossi Cushman

Locality MF3633 (PB-2). Bar equals 100 um,
Cassidulina teretis Tappan

Locality MP4173 (PB-8). Bar equals 200 ym.
Cyclogyra involvens (Reuss)

Locality MF3628 (PB-2). Bar equals 1 mm.
Dentalina frobisherensis Loeblich and Tappan

Locality MF3640 (PB-2). Bar equals 400 um.
Dentalina gracilis 4'Orbigny

Locality MF3630 (PB-2). Bar equals 400 um,

. Dentalina ittai Loeblich and Tappan

Locality MF4173 (PB-8). Bar equals 200 um.
Elphidiella groenlandiea (Cushman)

Locality MF4193 (PB-8). Bar equals 400 um.
Elphidium albiumbijlicatum (Weiss)

Locality MF4156 (PB-6). Bar equals 200 um.
Elphidium asklundi Brotzen

Locality MF4152 (PB-5). Bar equals 200 ym.
Elphidjum cf. E. gasklundi Brotzen

Locality MF4156 (PB-6). Bar equals 100 ym.
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PLATE 2

1. Elphidium bartletti Cushman
Locality MF3628 (PB-2). Bar equals 200 um.
2. Elphidium bartletti Cushman
Peripheral view, showing areal apertures.
Locality MF4173 (PB-8), Bar equals 200 pm.
3. Elphidium bartletti Cushman
Poorly preserved specimen showing the
dissolution of the test wall. Locality MP4151
(PB-5). Bar equals 100 um.
4. Elphidium elavatum Cushman
Weathered specimen in which retral processes
have been enlarged so that specimen resembles
E. excavatum alba. Locality MF4153 (PB-5).
Bar equals 100 pm.
5. Elphidium frigidum Cushman
An aberrant form of this species which is
frequently seen the Arctic borehole samples.
Locality MFP4171 (PB-8). Bar equals 200 ym.
6. Elphidijum excavatum alba Feyling-Hanssen
Locality MF4158 (PB-6). Bar equals 200 um.
7. Elphidium incertum (Wildamson)
Locality MF4171 (PB-8). Bar equals 100 pum.
8. Elphidium clavatum Cushman
Locality MP4183 (PB-8). Bar equals 100 ym.
9. Elphidium frigidum Cushman
Loeality MF3658 (PB-3). Bar equals 200 um.
10. Elphidium orbiculare (Brady)
Locality MF4193 (PB-8). Bar equals 200 um,
11. Eosyrinx curta (Cushman and Ozawa)
Locality MF3638 (PB-2). Bar equals 200 um.
12. PFissurina marginate (Montagu)
Locality MF3635 (PB-2). Bar equals 100 pm.
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PLATR 4

1. Pseudopolymorphina aretica MacBeth and Sechmidt

Loecality MF3604 (PB-1), Bar equals 200 um.
2. Pyrgo williamsoni (Silvestri)

Locality MF4177 (PB-8). Bar equals 200um.
3. Quinqueloculina arctica Cushman

Locality MF4172 (PB-8). Bar equals 200 um.
4. Quinqueloculina seminwum (Linne)

Locality MF3628 (PB-2). Bar equals 200 pm.
S. Quinqueloculina vulgaris d'Orbigny

Locality MF3628 (PB-2). Bar equals 200 ur.
8. Reophax scorpiurus Montfort

Locality MF4173 (PB-8). Bar equals 200 um.
7. Reophax cf. R, arctica Brady

Locality MF4156 (PB-6). Bar equals 400 um.
8. Silicosigmoilina groenlandica (Cushman)

Loeality MF3631 (PB-2). Bar equals 100 pm.
9. Stainforthia concava (Hoeglund)

Locality MF3834 (PB-2). Bar equals 200 um,
10. Triloculina trihedra Loeblich and Tappsn

Locality MF4172 (PB-8). Bar equals 100um.
11. Trochammina nana (Brady)

Locality MF4186 (PB-7). Bar equals 200 um.
12. Trochammina rotaliformis Wright

Locality MF4173 (PB-8). Bar equals 100 um.




1.

PLATE 6

Heteroeyprideis sorbyana {(Jones)

Female left valve, exterior lateral view,
locality MF36803 (PB-1). Bar equals 100 um.
Heteroeyprideis sorbyana (Jones)

Female right valve, exterior lateral view,
locality MP3603 (PB-1). Bar equals 100 pm.

. Heterocyprideis sorbyana (Jones)

Male left valve, exterior lateral view, locality
MF3603 (PB-1). Bar equals 100 ym.
Heterocyprideis sorbyana (Jones)

Male right valve, exterior lateral view, locality
MP3803 (PB-1). Bar equals 100 pm.
Normanieythere leioderma (Norman)

Female left valve, exterior lateral view,
locality MF4172 (PB-8). Bar equals 100 ym.
Normanicythere leioderma (Norman)

Male right valve, exterior lateral view, locality
MF4172 (PB-8). Ber equals 100 pm.

. Normanicythere leioderma (Norman)

Juvenile left valve (A-1 instar stage), exterior
lateral view, locality MF4172 (PB-8)., Bar
equals 100 um,

Normanicythere leloderma (Norman)

Juvenile left valve (A-2 instar stage), exterior
lateral view, locality MP4172 (PB-8). Bar
equals 100 um.
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PLATB 7

1. Loxoconcha elliptica Brady

Female right valve, exterior lateral view,

locality MF3812 (PB-1). Ber equals 100 um.
Loxoconcha venepidermoidea Swain

Pemale right valve, exterior lateral view,

locality MF3612 (PB-1). Bar equals 100 pm.

3. Krithe glecialls Brady, Crosskey, and Robertson

Female left valve, exterior lateral view,
locality MF3655 (PB-2). Bar equals 100 pm.
Loxoconcha venepidermoidea Swain

Female left valve, exterior lateral view,
locality MF3612 (PB-1). Bar equals 100 um.

5. Krithe glacialis Brady, Crosskey, and Robertson

8.

Male right valve, exterlor lateral view, locality

MF3855 (PB~2). Bar equals 100 yro.
Sarsicytheridea punctillata (Brady)

Female left valve, exterior lateral view,

locality MFP4209 (PB-8). Bar equals 100 um.
Sarsicytheridea punctillata (Brady)

Juvenile left valve (A-1 instar stage), exterior
lateral view, locality MF4208 (PB-8)., Bar
equals 100 um.

Sarsicytheridea punctillata (Brady)

Male left valve, exterior lateral view, locality
MF 4208 (PB-8). Ber equals 100um.
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2.

3‘

50

PLATE 8

. Paracyprideis pseudopunctillata Swain

Female left valve, exterior lateral view,
locality MF3603 (PB~1). Bar equals 100 um,
Paracypridels pseudopunctillata Swain

Female right valve, exterior lateral view,
locality MF3603 (PB-1). Ber equals 100 ym.
Paracyprideis pseudopunectillata Swain

Male left valve, exterior lateral view, locality

MF3803 (PB-1). Bar equals 100 um.
Paracyprideis pseudopunctillata Swain

Male right valve, exterior lateral view, locality

MF3603 (PB-1). Bar equals 100 um.
Paracyprideis pseudopunctillata Swain

Juvenile left valve (A-1 instar stage), exterior
lateral view, locality MF3603 (PB-1), Bar
equals 100 ym.

Sarsicytheridea bradii (Norman)

Pemale left valve, exterior lateral view,
locality MF4173 (PB-8). Bar equals 100 um,
Sargicytheridea bradii (Norman)
Juvenile left valve (A-1 instar stage), exterior
lateral view, locality MF4173 (PB-8). Bar
equals 100 um.
Sarsicytheridea bradii (Norman)
Female right valve, exterior lateral view,
locality MP4173 (PB-8), Bar equals 100 um,
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PLATE 9
1. Cytheromorpha macchesneyi (Brady and Crosskey)

Female left valve, exterior lateral view,
locality MF3604 (PB-1). Bar equals 100 um.

2. Cytheromorpha macchesneyi (Brady and Crosskey)
Pemale right valve, exterior lateral view,
locality MF3604 (PB~1). Bar equals 100 um.

3. Cytheromorpha macchesneyi (Brady and Crosskey)
?Male valve, exterior lateral view, locality
MF3604 (PB-1). Bar equals 100 um.

4. Cytheromorpha sp. A
Female right valve, exterior lateral view,
locality MP4333 (PB-7). Bar equals 100 ym.

5. gtherom%gha sp. A
Male left valve, exterior lateral view, locality

MF4333 (PB-7). Bar equals 100 um.

8. Cytheromorpha macchesneyi (Brady and Crosskey)
Female right valve, exterior lateral view,
locality MF3604 (PB-1). Bar eguals 100 um.

7. Cytheromorpha sp. A
Juvenile left valve (A-1 instar stage), exterior
lateral view, locality MF4333 (PB-7). Bar
equals 100 ym.

8. Eucythere declivis (Norman)

Right valve, exterior lateral view, locality
MF4176 (PB~8). Bar equals 100 wm.
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PLATE 10
1. Cytherura sp. C

Left valve, exterior lateral view, locality
MF4173 (PB-8). Bar equals 100 pm,

2. Cytherura sp. B
Right valve, exterior lateral view, locality
MF4174 (PB-8). Bar equals 100 um.

3. Roundstonia globulifera (Brady)
Female right valve, exterior lateral view,
locality MF4182 (PB-8). Bar equals 100 pm.

4. Cytherura sp. D
Left valve, exterior lateral view, locality
MF4213 (PB-8). Bar equals 100 ym.

5. Roundstonia globulifera (Brady)
Male right valve, exterior larteral view, locality
MF4182 (PB-8). Bar equals 100 um.

6. Cluthia aff. C. cluthae (Brady, Crosskey, and

Robertson)

Left valve, exterior lateral view, locality
MF4222 (PB-8). Bar equals 100 pm.

7. Sclerochilus sp.
Right valve, exterior lateral view, locality
MF4172 (PB-8). Bar equals 100 ym.

8. Pontocythere sp. A
Right valve, exterior lateral view, locality
MFP4148 (PB-5). Bar equals 100 ym.
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PLATE 11

1. Cytheropteron aff. C. pyramidale Neale and Howe
Left valve, exterior lateral view, locality
MF4192 (PB-8), Bar equals 100 uym.

2. Cytheropteron aff. C. pyramidale Neale and Howe
Right valve, exterior lateral view, locality
MFP4184 (PB-8). Bar equals 100 um,

3. Cytheropteron aff. C. pyramidale Neale and Howe
Right valve, exterior lateral view, locality
MF4172 (PB-8). Bar equals 100 pm.

4. Cytheropteron sp. B
Left valve, exterior lateral view, locality
MP4178 (PB-8). Bar equals 100 um.

5. Cytheropteron aff. C. pyramidale Neale and Howe
Right valve, exterior lateral view, locality
MP4184 (PB-8). Bar equsals 100 pm,

6. Cytheropteron sp. B
Right valve, exterior lateral view, locality
MPF4171 (PB-8). Bar equals 100pum.

7. Cytheropteron punctatum Brady
Right valve, exterior leteral view, locality
MP4171 (PB-8). Bar equals 100 pm,

8. Cytherura sp. A
Left valve, exterior lateral view, locality
MP4171 (PB-~8). Bar equals 100um.
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PLATE 12

. Cytheropteron montrosiense Brady, Crosskey, and

Robertson
Left valve, exterlor lateral view, locality
MF3635 (PB-2). Bar equals 100yum.
. Cytheropteron montrosiense Brady, Crosskey, and
Robertson
Right valve, exterior lateral view, locality
MF4208 (PB-8). Ber equals 100um.
. Cytheropteron montrosiense Brady, Crosskey, and
Robertson
Left valve, exterior lateral view, locality
MFE4192 (PB-8). Bar equals 100 pum.
. Cytheropteron montrosiense Brady, Crosskey, and
Robertson
Right valve, exterior lateral view, locality
MF4216 (PB-8). Bar equals 100ym.
. Cytheropteron montrosiense Brady, Crosskey, and
Robertson
Left valve, exterior lateral view, locality
MF3635 (PB-2). Bar equals 100um.
. Cytheropteron montrosiense Brady, Crosskey, and
Robertson
Juvenile left valve, exterior lateral view,
jocality MF4216 (PB-8). Bar equals 100um.
. Cytheropteron montrosiense Brady, Crosskey, and
Robertson
Left valve, exterior lateral view, locality
MP4191 (PB-8). Bar equals 100 um.
. Cytheropteron paralatissimum Swain
Left valve, exterior lateral view, locality
MF4215 (PB-8). Bar equals 100um.




BULLETIN 1598
PLATE 12

<
Q
X
L3
~
Q,
Q
4
3
~
-
&}

U.S. GEOLOGICAL SURVEY




PLATE 13

. Raebilimis mirabills (Brady)

Right valve, exterior lateral view, locality
ME3633 (PB~2). Bar equals 100um.

. Acanthocythereis dunelmensis (Norman)

Female right valve, exterior lateral view,
locality MF4206 (PB-8). Bar equals 100ym.

. Acanthocythereis dunelmensis (Norman)

Male left valve, exterior lateral view, Jocality
MFP4206 (PB-B). Bar equals 100 pm.

. Acanthocythereis dunelmensis (Norman)

Male right valve, exterior lateral view, locality
MF4203 (PB~B). Bar equals 100 ym.

. Finmarchinella (Barentsovia) eurvicosta Neale
Juvenile right valve, exterior lateral view,
locality MF4176 (PB~8). Bar equals 100 um.

. Finmarehinella (Barentsovia) curvicosta Neale
Juvenile left valve, exterior lateral view,
locality MF4192 (PB-8). Bar equals 100 um.

. Finmarchinella (Finmarehinella) finmarchica (Sars)
Female left valve, exterior lateral view,
locality MF4192 (PB-8). Bar equals 100 um.

. Palmanella limicola (Norman)

Right valve, exterior lateral view, locality
MF4177 (PB-8). Bar equals 100 um.
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PLATRE 14

1. Cytheretta teshekpukensis Swain
Female left valve, exterior lateral view,
locality MF4150 (PB~5), Bar equails 100pm,

2. Cytheretta teshekpukensis Swain
Maile right valve, exterior lateral view, locality
MF4150 (PB-5). Bar equals 100 pm.

3. Dyocypris sp.
Right valve, exterior lateral view, locality
MP4167 (PB-7). Bar equals 100ym.

4. Cytherissa lacustris (Sars)
Right valve, exterior lateral view, locality
MFP4329 (PB~5). Bar equals 100 pm,

5. Cypridopsis aculeata (Liljeborg)
Left valve, exterior lateral view, locality
MF4171 (PB~8). Bar equals 100 um,

6. Candona cf. C. candida (Mueller)
Right valve, exterior lateral view, locality
MFP4171 (PB~8). Bar equals 100um.

7. Limnocythere liporeticulata Delorme
Right valve, exterior lateral view, locality
MF4325 (PB~5). Bar equals 100 um.

8. Cyprid sp.
Left valve, exterior lateral view, locality
MF4325 (PB-5). Bar equals 100 um,
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