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ABSTRACT

Late Quaternary benthic foraminifera in sediment-water interface and core samples
from the Patton-Murray Seamount Group in the Gulf of Alaska have provided information
on the paleoceanographic history of the northeast Pacific. Q-mode cluster analysis of the
surface samples distinguished two benthic foraminiferal assemblages: the Pullenia
salisburyi Sediment-water Interface Assemblage and the Epistominella exigua Sediment-
water Interface Assemblage. These two assemblages are differentiated by selective
dissolution related to the depth of the benthic foraminiferal lysocline, the former
characterizing water above the benthic foraminiferal lysocline and the latter characterizing
water below it.

Cluster analysis of the foraminifera-bearing core samples tog=ther with the sediment-
water interface samples, differentiated two foraminiferal biofacies: the Epistominella vitrea
Biofacies and the Pyllenia salisburyi-Epistominella exigua Biofacies. These two biofacies
represent deposition during glacial and postglacial times, respectively. The glacial period
was characterized by a shift of shallower water fauna to bathyal depths in response to the
descent of the benthic foraminiferal lysocline.

A third phase of deposition, characterized by an assemblage of diatoms, radiolaria
and ice-rafted debris and lacking carbonate content was recognized down-core. This
siliceous phase corresponds to deposition during an interglacial when upwelling, related to

intensified bottom-water circulation, caused the ascension of the lysocline.
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CHAFTER 1. INTRODUCTION
PURPOSE OF STUDY

There bave been numerous studies of Foraminii:ra of the Pacific Ocean. Some of
the major works include Brady (1881, 1884), Cushman (1910, 1911, 1913, 1914, 1915,
1932, 1933b), Barker (1960), McCulloch (1977), Saidova (1981) and others. Most of
these studies have concentrated on the tropical, southern or northwestern Pacific while the
northeastern Pacific has been largely ignored. The few foraminiferal-based studies
published on the Northeast Pacific Ocean have focused on the shallow shelf (e.g. Cushman
and McCulloch, 1939, 1940; Todd and Low, 1967; and Patterson, in press).

The paleoceanographic history of the North Pacific is crucial to our understanding
of the evolution of mid-latitude and sub-arctic climates in response to polar cooling.
However, as a result of the paucity of studies of the northeastern Pacific the
paleoceanography of this region is poorly understood. The lack of investigation in the
northeastern Pacific is partially due to the fact that much of the region lies below the
carbonate compensation depth (CCD) (Berger and others, 1976) and therefore the
foruminiferal fauna is not preserved. Also much of the area is covered by turbidites
(Menard, 1964; Hamilton, 1967). The natural distribution of microfossils is disrupted by
hydraulic sorting and the mixing of shallow-water faunas with bathyal and abyssal
assemblages during turbidity current transport (Brunner and Normark, 1985). This
reorganization of microfauna affects biostratigraphic and paleoceanographic
interpretatons.

Recent surveys on a research cruise, in August of 1987, aboard the CSS
PARIZEAU documented the existence of ‘pelagic windows’ through the turbidite sections.
These windows are presently found on seamount platforms in the Gulf of Alaska where
carbonate and diatom rich sediments have been accumulating throughout the Neogene

(Duncan and Clague, 1985).




This project was a reconnaissance of the benthic foraminiferal fauna of the Patton-
Murray Seamount Group for an upcoming Ocean Drilling Program (ODP) site. As such it
had three main objectives. The first was to produce a systematic catalogue of Late
Quaternary, deep-sea, benthic foraminiferal species for the northeastern Pacific. The
second aim was to determine the cha acteristics of the foraminiferal assemblages occupying
the “carbonate window”. These assemblages were then related to the water masses of
Northeast Pacific Ocean. The final objective of this study was to relate changes in the
benthic foraminiferal assemblages down core to changes in the associated water masses due

to fluctuations of climatic conditions during the late Quatemnary.

REGIONAL SETTING

The Gulf of Alaska is part of the Northeast Pacific Basin, the largest of four basins
dividing the North Pacific seafloor. Large-scale tectonic features, such as the Aleutian
Trench, bound the basin and strongly influence the sedimentary processes going on within
it (McCoy and Sancetta, 1985). The major physiographic features of the Guif of Alaska
are the central hills and seamounts which are surrounded by the Aleutian, Tufts, and Alaska
Abyssal Plains (Hamilton, 1967). The abyssal plains are aicas of extensive turbidite and
hemipelagic/pelagic sedimentation. Two major linear chains of seamounts and guyots, the
Cobb-Eickelberg chain to the south and the Kodiak-Bowie (or Pratt-Welker) chain to the
north, cut across the region from northwest to the southeast (Figure 1). These seamounts
may be traces of hotspot vulcanism, but as of yet the details of their history are not well
constrained (Duncan and Clague, 1986). Generally, however, the oldest seamounts are in
the northwest and they get progressively younger towards the southeast.

The Patton-Murray Seamount Group shown in Figure 2 is a seamount plateau
composed of a several seamounts surrounding a central depression. This plateau stand;

several hundred metres above the surrounding abyssal plain. With an area of more than
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17,000 km2 above 3700 m water depth, it is the largest of the seamount plateaus in the
northeastern Pacific (Zahn and others, 1991). Preliminary seismic surveys revealed a
thick sequence (up to 370 m) of hemipelagic sediments which can be mapped over the
seamount group by its distinctive acoustic character (Hamilton, 1967). These hemipelagic
sediments contain biogenic carbonate and biosiliceous sediment and abundant ice-rafted
debris. Basalts dredged from the Murray Seamount were dated at 25.7 Ma (Duncan and
Clague, 1985). Northward motion of the Pacific plate would have resulted in a translation

of this segment of crust by about 1000 km in the last 25 ma (Rea and Duncan, 1986).

OCEANOGRAPHY

The circulation of the surface waters of the ocean depends chiefly on the prevailing
winds. As a result the surface circulation of the northern Pacific is dominated by the east-
ncitheastward flowing North Pacific Current which crosses the Pacific at approximately
40° N (Figure 3a) (Muromtsev, 1963; McCoy and Sancetta, 1985). This current separates
the two major gyres of the North Pacific. The anticyclonic subtropical gyre is characterized
by high surface salinity (34.00-35.00%o0) and a permanent thermocline, with surtace
temperatures of 20°-25°C. The cyclonic subarctic gyre is characterized by low water
temperatures (<12°C) and low surface salinity (33.00-32.00%o0) with a permanent halocline
causzd by an excess of precipitation over evaporation (McCoy and Sancetta, 1985). East
of approximately 150°W the North Pacific Current becomes less distinct due to waters
streaming in from the subtropical gyre (Muromtsev, 1963). The circulation becomes
complex with the eastward flowing water turning north into the Alaska Gyre and south intc
the California Current. The transition zone is characterized by steep latitudinal temperature
and salinity gradients (McCoy and Sancetta, 1985).

The interaction of these water masses and their boundary currents influences the

distribution of nutrients and particulate matter from air-fall or pelay.c sources and thus
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Figure 3. (a) Major surface currents in the North Pacific Ocean.
(b) Bottom-water circulation pattern in the North Pacific Ocean
with stippled area outlining the approximate extent of bottom-
water distribution. (From McCoy and Sancetta, 1985).




determines rates of planktic productivity. The northern boundary of the North Pacific
Current defines the southernmost limit of ice-rafted debris because icebergs reaching this
current are carried northeastward into the Alaska Current of the subarctic gyre.

The buoyant, low salinity surface waters of the high latitudes of the North Pacific
impede deep convection. As a result there is no source of deep or bottom waters in the
North Pacific (Warren, 1983). The lack of a local source means that the deep waters must
be derived from other ocean basins. The deep and bottom waters of North Pacific are
composed of two main components: North Atlantic Deep Water (NADW) entering the
southern Pacific by the Drake Passage and Antarctic Bottom Water (AABW) formed
through mixing of Circumpolar Water (CPW) with bottom waters of the Antarctic basins
(McLellan, 1975; Mantyla and Reid, 1983). These waters enter the equatorial region of
North Pacific basin at 170°-175°W and move sluggishly northward (Figuie 3b) (Jacobs and
others, 1979; McCoy and Sancetta, 1985). Deep circulation extends from approximately
1, 500 m depth down to 4,000-4,500 m.

By the time these deep waters reach the North Pacific they are very depleted in
oxygen and 13C due to oxidation of organic carbon. Conversely, they are rich in dissolved

CO; and nutrients. These characteristics of the North Pacific deep water have eamed it the

title of the “oldest” water in the World Ocean (Kroopnick, 1985). They are the result of a

long residence time, isolated from the atmosphere. The high levels of dissolved CO; make

the North Pacific deep water very corrosive to calcium carbonate, leading to a shoaling of

the CCD to 3,300-3,800 m (Berger, 1979; Chen and others, 1986).




CHAPTER 2. MATERIALS AND METHODS
SOURCE AND PROCESSING OF SAMPLES

Materials examined in this study were sampled from the core collection of Pacific
Geoscience Centre (PGC), Geological Society of Canada, Sidney, British Columbia. A set
of 7 core-top samples, ranging from 2847 to 3738 m water depth, were selected from
locations within the Patton Murray Seamount Group in the Northeast Pacific Ocean. The
cores were collected during a PGC research cruise, (cruise number PGC-PAR-87-09) in
August of 1987. The locations and depths of the cores used in the present study are listed
in Table 1.

Core PAR87a-01 was chosen because of its central location and good recovery. It
was sampled down core at an interval of approximately 20 cm. Sampling was done by
Trudie Forbes of PGC under the direction of B.D. Bornhold. Forty-two samples were
collected down core. Figure 4 is a simplified core log, supplied by PGC, showing the
basic lithologies and the sampling levels.

The core-top samples were processed in the following manner. Each sample was
boiled in water with soda ash for approximately 10 minutes. The resultant slurry was
washed through a 75 um (No. 200 mesh) sieve. This boiling process was repeated until all
the clay and silt was removed. Because the samples were not cemented or consolidated,
they disaggregated readily.

The down-core samples were processed by a slightly different process. The sample
was shaken with water and soda ash for a period of 10 minutes with a Burrell Wrist Action
Shaker (Model 75). The slurry was then washed through a 75 um sieve. The shaking
process was repeated until the samples were completely disaggregated and all clay and silt
had been washed away.

The >75 um residue was split using a random micro-splitter. One half of the

sample was qualitatively examined to determine the species of benthic foraminifera present.



Core Location Depth  Core Length

Designation Latitude Longitude (m) (cm)
PAR87a-01 54 24.90 149 25.84 3480 852
PAR87a-02 54 17.40 149 36.32 2920 610
PARS87a-03 54 26.49 149 47.29 3060 638
PARS87a-05 540341 149 31.87 3347 92

PAR87a-06 54 05.02 149 29.08 2847 32

PAR87a-08 54 12.84 148 49.32 3446 116
PAR87a-09 54 20.27 148 56.99 3738 425

Table 1. Core information for sediment-water interface samples used in the present study.
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Figure 4. Stratigraphic section of core PAR87a-01 showing lithology and
sampling locations (Lithologic information from an unpublished core
log supplied by Pacific Geoscience Centre).
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The second half was quantitatively analyzed to determine the percent abundance of each
species. The quantitative half was split twice more into smaller portions (¢cighths of the
original sample). The sample was then analyzed by one-eighth splits until at least 300

specimens had been counted or the eatire quantitative half had been examined.

STATISTICAL TECHNIQUES AND CLUSTER ANALYSIS

The analyzed core and sediment-water interface samples were found to contain
planktic and benthic foraminifera, diatoms and radiolaria; however, this siudy is concerned
only with the benthic foraminifera. One hundred and forty species of benthic foraminifera
have been identified during the examination of the 49 sediment-water interface and core
samples. Many of the specimens cxamined during the course of this study showed
evidence of dissolution such as reduced transparency of hyaline species, broken or
damaged specimens and fragmented foraminifera. Fragments of planktic foraminifera were
especially common in some samples. The systematic paleontology of the identifiable
species of benthic foraminifera is presented in Chapter 3.

Although all the samples contain a biogenic component, benthic foraminifera were
not always present. Eight of the 49 samples are completely devoid of benthic foraminifera
while an additional 16 samples were found to contain fewer than 70 specimens. These 24
depauperate samples, including the core-top sample PAR87a-09, are not included in the
matrix used for the cluster analysis.

The error associated with the fractional abundance of each species was determined

using the standard error equation described by Patterson and Fishbein (1989) :




12

where (N) is the total number of counts, and (X) is the fractional abundance of a species.
In a sample of 300 specimens, a species must be present at an abundance of at least 1.3
percent (4 specimens) before it even exceeds the associated error. Thus rare species are
disregarded as random occurrences which cannot be used to reliably characterize the
sample. As such, the rare species were discounted from the matrix used for cluster
analysis.

Examination of the fractional abundances of each species with their associated error
shows that only 20 of the total 140 species recognized were present in sufficient
pop:lations to be considered statistically significant. The fractional abundances of the
reduced data set used for cluster analysis are presented in Table 2. The complete census of
all samples and species is given in Appendix 1.

The reduced data set was subjected to Q-mode cluster analysis using the Stats and
Cluster modules of the statistics software package SYSTAT 5 (Macintosh version 5.1,
1989). The clustering procedure was done according to the recommendations made by
Fishbein and Patterson (in precs). Thus, the samples were clustered in a hierarchical
algorithm using the fractional abundances of the statistically significant species (the 20
species in Table 2). The SYSTAT S Cluster Module used a Euclidean distance and Ward’s
Minimum Variance linkage.

A dendrogram produced by the clustering algorithm is shown in Figure 5 (page
43). At zero Euclidean distance there are 25 clusters, each containing one sample; at the
greatest Euclidean distance all the samples are grouped within a single cluster.

Presumably, at some Euclidean distance between these two extremes the data set will be
divided into a viable set of clusters. The appropriate Euclidean distance is somewhat
arbitrary but is often indicated by a pronounced increase in the Euclidean distance between

clustering levels.
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CHAPTER 3. SYSTEMATICS

INTRODUCTION

Below is the classification of the 140 taxa of benthic foraminifera identified during
the course of this study. The supraspecific classification used in this paper follows
Loeblich and Tappan (1987). All specimens are identified to the generic level; however,
many of the specimens are poorly preserved and/or damaged and thus identification below
the generic level is not possible. In this case the specimens are designated by a letter (¢.g.
Uvigerina sp. A). In most cases the letter designated taxa represent only one or two
specimens and therefore are insignificant. Systematic entries for the specimens identified to
the species level include a partial synonymy. This synonymy is by no means complete and
includes only the most important references. All identified species are described in one or
more of these references so no additional description is included in this paper. Some of the

more important and abundant species are illustrated in plates 1-4.

SYSTEMATIC PALEONTOLOGY
Suborder TEXTULARIINA Delage and Hérouard, 1896
Superfamily ASTRORHIZACEA Brady, 1881
Family BATHYSIPHONIDAE Avnimelech, 1952
Genus Bathysiphon M.Sars jn G.O. Sars, 1872
Bathysiphon rufus de Folin, 1886
Bathysiphon rufum de Folin, 1886, p.283, pl.6, fig.8(a-c).

Superfamily HIPPOCREPINACEA Rhumbler, 1895
Family HIPPOCREPINIDAE Rhumbler,1895
Subfamily HYPERAMMININAE Eimer and Fickert, 1899

Genus Hyperammina Brady, 1878

15
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Hyperammina ¢longata Brady, 1878
Hyperammina ¢longata BRADY, 1878, p.433, pl.20, fig.2(a-b).
Bactrammina ¢longata EIMER and FICKERT, 1899, p.673.

Hyperammina sp.A
Genus Saccorhiza Eimer and Fickert, 1899

Saccorhiza ramosa (Brady, 1879)

Hyperammina ramosa BRADY, 1879, p.33, pl.3, fig.14-15.
Saccorhiza ramosa (Brady) EIMER and FICKERT, 1899, p.670.

Superfamily AMMODISCACEA Reuss, 1862
Family AMMODISCIDAE Reuss, 1862
Subfamily AMMOVERTELLININAE Saidova, 1981
Genus Glomospira Rzehak, 1885
Glomospira gordialis (Jones and Parker, 1860)

I'rochammina squamata var. gordialis JONES and PARKER, 1860, p.304.

Trochammina gordialis (Jones and Parker) CARPENTER, PARKER and JONES, 1862,
p.141, pl.11, fig.4.

Ammodiscus gordialis (Jones and Parker) SIDDALL, 1879, p.5.

Trochammina (Ammodiscus) gordialis (Jones and Parker) HAEUSLER, 1883, p.59, pl .4,
fig.2-3.

Ammodiscus (Glomospira) gordialis (Jones and Parker) RZEHAK, 1888, p.191.
Gordiammina gordialis (Jones and Parker) RHUMBLER, 1895, p.84.
Glomospira gordialis (Jones and Parker) CUSHMAN, 1918, p.99, p1.36, fig.7-9.

Superfamily HORMOSINACEA Haeckel, 1894
Family HORMOSINIDAE Haeckel, 1894



Subfamily REOPHACINAE Cushman, 1910
Genus Reophax de Montfort, 1808

Reophax nodulosus Brady, 1879
Reophax nodulosus BRADY, 1879, p.52, pl.4, fig.7-8.

Reophax sp.A

Superfamily LITUOLACEA de Blainville, 1827
Family HAPLOPHRAGMOIDIDAE Maync, 1952
Genus Haplophragmoides Cushman, 1910
Haplophragmoides scitulum (Brady, 1881)
Haplophragmium scitulum BRADY, 1881, p.50.
Haplophragmoides scitulum (Brady) CUSHMAN, 1910, p.103, fig.153-155.

Family LITUOLIDAE dc Blainville, 1827
Subfamily AMMOMARGINULININAE Podobina, 1978
Genus Ammobaculites Cushman, 1910
Ammobaculites sp. A

Ammobaculites <p. B

Superfamily LOFTUSIACEA Brady, 1884
Family CYCLAMMINIDAE Marie, 1941
Subfamily CYCLAMMININAE Marie, 1941

Genus Cyclamming Brady, 1879
Cyclammina cancellata Brady, 1879

17



Cyclammina cancellata Brady in NORMAN in JEFFREYS, 1876, p.214 (nom. nud.).
Cyclammina cancellaia BRADY, 1879, p.62.

Superfamily TROCHAMMINACEA Schwager, 1877
Family TROCHAMMINIDAE Schwager, 1877
Subfamily TROCHAMMININAE Schwager, 1877
Genus Trochamming Parker and Jones, 1859
Trochammina gimplex Cushman and McCulloch, 1939

Trochammina pacifica Cushman, var. simplex Cushman and McCulloch, 1939, p.104,
pl.11, fig.4.

Subfamily TROCHAMMINELLINAE Bronnimann, Zaninetti, and Whittaker, 1983
Genus Pseudotrochammina Frerichs, 1969
Pseudotrochammina dehiscens Frerichs, 1969
Ammoglobigerinoides dehiscens FRERICHS, 1969, p.1, pl.1, fig.1; pl.2, fig.1.

Superfamily VERNEUILINACEA Cushman, 1911
Family VERNEUILINIDAE Cushman, 1911
Subfamily VERNEUILININAE Cushman, 1911
Genus Gaudryina d’Orbigny, 1839a

Gaudryina sp.A.

Superfamily TEXTULARIACEA Ehrenberg, 1838
Family EGGERELLIDAE Cushman, 1937
Subfamily EGGERELLINAE Cushman, 1937
Genus Eggerella Cushman, 1933a

18
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Eggerella bradyi (Cushman, 1911)
Verneuilina bradyi CUSHMAN, 1911, p.54, text-fig.87(a-b).
Eggerella bradyi (Cushman) PHLEGER and PARKER, 1951, p.6, pl.3, fig.1-2.

Genus Karreriella Cushman, 1933a
Karreriella bradyi, (Cushman, 1911)
Gaudryina bradyi CUSHMAN, 1911, p.67, text-fig.107(a-c).
Karreriella bradyi (Cushman) PHLEGER and PARKER, 1951, p.6, pl.3, fig.4.

Karreriella parkerae Uchio, 1960
Karreriella parkerae UCHIO, 1960, pl.2, fig.21-23.

Family VALVULINIDAE Berthelin, 1880
Subfamily VALVULININAE Berthelin, 1880
Genus Cribrogoesella Cushman, 1935
Cribrogoesella pacifica Cushman and McCulloch, 1939
Cribrogoesella pacifica CUSHMAN and McCULLOCH, 1939, p.99, pl.10, fig.10-12.

Suborder MILIOLINA Delage and Hérouard, 1896
Superfamily MILIOLACEA Ehrenberg, 1839
Family HAUERINIDAE Schwager, 1876
Subfamily MILIOLINELLINAE Vella, 1957
Genus Pyrgo Defrance, 1824
Pyrgo depressa (d’Orbigny, 1826)

Biloculina depressa d’ORBIGNY, 1826, p.298, no.7.
Pyrgo depressa (d’Orbigny) BARKER, 1960, p.4, pl.2, fig.12,16-17; pl.3, fig.1-2.
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Pyrgo murrhina (Schwager, 1866)
Biloculina murrhing SCHWAGER, 1866, p.203, pl.4, fig.15(a-c).
Pyrgo murrhina (Schwager) CUSHMAN, 1932, p.64, pl.15, fig.1-3.

Genus Triloculina d’Orbigny 1826
Triloculing trihedra Loeblich and Tappan, 1953
Triloculing trihedra Loeblich and Tappan, 1953, p.45, pl.4, fig.10.

Triloculing sp.A

Subfamily SIGMOILINITINAE Luczkowska, 1974
Genus Sigmoilinita Seiglie, 1965
Sigmoilinita tenuis (Czjzek, 1848)
Quinqueloculina tenuis CZJZEK, 1848, p.149, pl.13, fig.31-34.

Sigmeoilina tenuis (Czjzek) PHLEGER, PARKER and PIERSON, 1953, p.28, pl.5,
fig.18.

Sigmoilinita tenuis (Czjzek) LOEBLICH and TAPPAN, 1987, p.348.
Sigmoilinita sp.A

Suborder LAGENINA Delage and Hérouard, 1896
Superfamily NODOSARIACEA Ehrenberg, 1838
Family NODOSARIIDAE Ehrenberg, 1838
Subfamily NODOSARIINAE Ehrenberg, 1838
Genus Botuloides S.Y.Zheng, 1979
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Botuloides sp.A.

Genus Laevidentalina Loeblich and Tappan, 1986
Laevidentalina frobisherensis (Loeblich and Tappan, 1953)
Dentalina frobisherensis LOEBLICH and TAPPAN, 1953, p.55, pl.10, fig.1-9.

Genus Nodosaria Lamarck, 1812
Nodosaria cf. N. subsoluta Cushman, 1923
Nodosaria subsoluta CUSHMAN, 1923, p.74, pl.13, fig.1.

Nodosaria sp.A.

Genus Pyramidulina Fornasini, 1894
Pyramidulina doliolaris (Parr, 1950)
Nodosaria doliolaris PARR, 1950, p.330, pl.12, fig.2.
Nodosaria cf. N. doliolaris Parr. LAGOE, 1977, p.121, pl.2, fig.5.

Family VAGINULINIDAE Reuss, 1860
Subfamily LENTICULININAE Chapman, Parr, and Collins, 1934
Genus Lenticulina Lamarck, 1804
Lenticuling sp.A.

Genus Saracenaria Defrance, 1824

Saracenaria italica Defrance, 1824
Saracenaria jtalica DEFRANCE in de Blainville, 1824, p.176, pl.13, fig.6.
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Family LAGENIDAE Reuss, 1862
Genus Hyalinonetrion Patterson and Richardson, 1988
Hyalinonetrion dentaliforme (Bagg, 1912)
Lagena deptaliforme BAGG, 1912, p.45, pl.13, fig.1-2.

Hyalinonetrion sahulense Patterson and Richardson 1988
Hyalinonetrion sahulense PATTERSON and RICHARDSON, 1988, p.243, fig.5-6.

Genus Lagena Walker and Jacob in Kanmacher, 1798
Lagena sp.A.

Genus Procerolagena Puri, 1954

Procerolagena complurecosta (Patterson, 1990)
Lagena complurecosta PATTERSON, 1990, p.681, fig.3.1-3.3.

Procerolagena purii Andersen, 1961
Procerolagena purii ANDERSEN, 1961, p.79, pl.16, fig.6.

Procerolagena wiesneri (Parr, 1950)
Lagena striata (d’Orbigny) var. interrupta WIESNER, 1931, p.119, pl.18, fig.213.

Lagena striata (Montagu) var. wiesneri PARR, 1950, p.301 new name for Lagena striata
(Montagu) var. jnterrupta Wiesner [not L .striata (Walker and Jacob) var. interrupta
Williamson 1848).

Procerolagena sp.A.

Genus Pygmaeoseistron Patterson and Richardson, 1988



Pygmaeoseistron laevis (Montagu, 1803)
Vemiculum laeve MONTAGU, 1803, p.524.
Lagena vulgaris WILLIAMSON, 1858, p.3, pl.1, fig.5.

Lagena sulcata Walker and Jacob var. laevis (Montagu) PARKER and JONES, 1865,
p.349, pl.13, fig.22.

Lagena laevis (Montagu) CUSHMAN and GRAY, 1946, p.18, pl.3, fig.21-23.

Pygmacoseistron hispidulum (Cushman, 1913)
Lagena hispidula CUSHMAN, 1913, p.14, pl.5, fig.2-3.

Pygmacoseistron hispiduluym (Cushman) PATTERSON and RICHARDSON, 1988,
p.243, pL.7-10.

Pygmaeoseistron sp.A.

Family ELLIPSOLAGENIDAE Silvestri, 1923
Subfamily OOLININAE Loeblich and Tappan, 1961
Genus Exsculpting Patterson and Richardson, 1988
Exsculptina sidebottomi (Earland, 1934)
Lagena sidebottomi EARLAND, 1934, p.161, pl.7, fig.23.

Exsculptina sidebottomi (Earland) PATTERSON and RICHARDSON, 1988, p.247,
fig.14-21.

Exsculpting sp.A

Genus Heteromorphina R.-W. Jones, 1984
Heteromorphina dubiosa (McCulloch, 1977)

Lagenosolenia dubiosa McCULLOCH, 1977, p.57, pl.56, fig.18-19,26; pl.57, fig.8.

(3% ]
L]
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Genus Favuling Patterson and Richardson, 1988
Favulina hexagona (Williamson, 1848)
Entosolenia squamosa (Montagu) var. hexagona WILLIAMSON, 1848, p.20, pl.2, fig.23.
Lagena hexagona (Williamson) BRADY, 1884, p.472, pl.58, fig.32-33.
Qolina hexagona (Williamson) LOEBLICH and TAPPAN, 1953, p.69, pl.14, fig.1-2.

Favulina melo (d’Orbigny, 1839)
Qolina melo d’ORBIGNY, 1839b, p.20, pl.5, fig.9.

ia squamosa (Montagu) var. scalariformis WILLIAMSON, 1848, p.20, pl.1,
fig.21-22.

OQolina melo d’Orbigny LOEBLICH and TAPPAN, 1953, p.71, pl. 12, fig.8-15.
Favulina melo d'Orbigny PATTERSON and RICHARDSON, 1988, p.249.

Genus Homalohedra Patterson and Richardson, 1988

Homalohedra apiopleura (Loeblich and Tappan, 1953)
Lagena apiopleyra LOEBLICH and TAPPAN, 1953, p.59, pl.10, fig.14-15.

Homalohedra pertusa (McCulloch, 1977)
Lagena pertusa McCULLOCH, 1977, p.43, pl.53, fig.29(a-b,d).

Homalohedra subacuticosta (Parr, 1950)
Lagena subacuticosta PARR, 1950, p.302, pl.8, fig.3.

Homalohedra williamsoni (Alcock, 1865)
Entosolenia williamsoni ALCOCK, 1865, p.193.
Lagena williamsoni (Alcock) WRIGHT, 1876-77, p.104, pl.4, fig.14.
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Homalohedra sp.A.

Homalohedra sp.B.

Genus Lagnea Popescu, 1983
Lagnea tenuistriatiformis (McCulloch, 1977)
Lagenosolenia (?) tenuistriatiformis, McCULLOCH, 1977, p.74, pl.51, fig.7.
Solenina tenuistriatiformis (McCulloch) R.W. JONES, 1984, p.121.

Genus Qoling d'Orbigny 1839b

Qolira globosa (Montagu, 1803)
Yermiculum globosum MONTAGU, 1803, p.523.

Lagena globosa (Montagu) BROWN, 1827, pl.1, fig.37.
Entosolenia globosa (Montagu) WILLIAMSON, 1848, p.16, pl.2, fig.13-14.

Lagena sulcata (Walker and Jacob) var. (Entosolenia) globosa (Montagu) PARKER and
JONES, 1865, p.348, pl.13, fig.37(a-b); pl.16, fig.10(a-b).

Qoling sp.A
Genus Vasicostella Patterson and Richardson, 1987
Vasicostella sp.A.

Subfamily ELLIPSOLAGENINAE Silvestri, 1923
Genus Fissurina Reuss 1850
Fissuring agassizi Todd and Bronnimann, 1957
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Fissurina agassizi TODD and BRONNIMANN, 1957, p.36, pl.9, fig.14.

Fissurina balteata McCulloch, 1977
Eissurina balteata McCulloch, 1977, p.91, pl.57, fig.15.

Fissurina cucurbitasema Loeblich and Tappan, 1953
Fissurina cucurbitasema Loeblich and Tappan, 1953, p.76, pl.14, fig.10-11.

Fissurina lucida (Williamson, 1848)
Entosolenia marginata (Montagu) var. lucida WILLIAMSON, 1848, p.17, pl.2, fig.17.

Eissurina spiniformis McCulloch, 1977
Fissurina spiniformis McCulloch, 1977, p.131, pl.59, fig.8.

Fissurina subrevertens Parr, 1950
Fissuring subrevertens PARR, 1950, p.308, pl.8, fig.10(a-b).

Fissurina sg.A.

Fissurina sp.B.

Figsuring sp.C.

Fissurina sp.D.

Genus Lagenosolenia McCulloch, 1977



Lagenosolenia sp.A
Lagenosolenia sp.B

Genus Pseudooling R.W.Jones
Pseudooling sp.A.

Subfamily PARAFISSURININAE R.W. Jones, 1984
Genus Parafissuring Parr, 1947
Parafissurina felsinea (Fornasini, 1894)
Lagena felsinea FORNASINI, 1894.
Lagena emaciata Reuss var. felsinea FORNASINI, 1901, p.47, text-fig.1.

Parafissurina lata (Wiesner, 1931)
Ellipsolagena lata WIESNER, 1931, p.121, pl.24, stereo-fig.K-1.
Parafissuring lata (Wiesner) BOLTOVSKOY and WATANABE, 1977, p.60, pl.5, fig.21-
23.

Parafissurina sp.A.

Genus Wiesnerina R.W. Jones, 1984
Wiesnerina carinata Taylor, 1987

Wiesnerina carinata TAYLOR in Patterson and Richardson, 1987, p.224, pl.4, fig.9-11;
pL.S, fig.13.

Family GLANDULINIDAE Reuss, 1860
Subfamily GLANDULINIAE Reuss, 1860
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Genus Laryngosigma Loeblich and Tappan, 1953

Laryngosigma invecta McCulloch, 1977
Larynogsigma invecta McCULLOCH, 1977, p.193, pl.87, fig.10.

Suborder ROBERTININA Loeblich and Tappan, 1984
Superfamily CERATOBULIMINACEA Cushman, 1927a
Family EPISTOMINIDAE Wedekind, 1937
Subfamily EPISTOMININAE Wedekind, 1937
Genus Hoeglundina Brotzen, 1948
Hocglundina elegans (d’Orbigny, 1826)

(Turbinulina) elegans d’ORBIGNY, 1826, p.276, no.54 (not Rotalia elegans
d’Orbigny, 1826, p.272, no.6).

Pulvinulina elegans (d’Orbigny) CUSHMAN, 1915, p.63, pl.26, fig.3.
Hoglundina clegans (d’Orbigny) BARKER, 1960, p.216, pl. 105, fig.3-6.
Hoeglundina clegans (d’Orbigny) Loeblich and Tappan, 1964, p.775, fig.636:3-5.

Superfamily ROBERTOMACEA Reuss, 1850
Family ROBERTINIDAE Reuss, 1850
Subfamily ROBERTININAE Reuss, 1850
Genus Robertinoides Hoglund, 1947
Robentinoides charlottensis (Cushman, 1925)
Cassidulina charlottensis CUSHMAN, 1925, p.41, pl.6, fig.6-7.

Robertina charlottensis (Cushman) CUSHMAN and PARKER, 1936, p.97, pl.16,
fig.12(a-b).

Robertina californica CUSHMAN and PARKER, 1936, p-97, pl.16, fig.14(a-b).

Robentinoides (?) charlottensis (Cushman) LOEBLICH and TAPPAN, 1953, p.108, pl.20,
fig.6-7.



Suborder ROTALIINA Delage and Hérouard. 1896
Superfamily BOLIVINACEA Glaessner, 1937
Family BOLIVINIDAE Glaessner, 1937
Genus Boliving d'Orbigny, 1839b
Bolivina minuta Natland, 1938
Bolivina minuta NATLAND, 1938, p.146, pl.5, fig.10.

Boliving sp.A.

Genus Bolivinellina Saidova, 1975

Bolivinellina pacifica (Cushman and McCulloch, 1942)
(Plate 2, Figures 1,2)

Bolivina acerosa Cushman var. pacifica CUSHMAN and McCULLOCH, 1942, p.185,
pl.21, fig.2-3.
Bolivinellina pescicula Saidova, 1975
Bolivinellina pescicula SAIDOVA, 1975, p.301.

Genus Brizaling Costa, 1856
Brizalina fragilis (Phleger and Parker, 1951)
Bolivina fragilis PHLEGER and PARKER, 1951, p.13, pl.6, fig.14,23-24(a-b).

Superfamily BOLIVINITACEA Cushman, 1927a
Family BOLIVINITIDAE Cushman, 1927a
Genus Abditodentrix Patterson, 1985
Abditodentrix pseudothalmanni (Boltovskoy, 1981)
Bolivinita pseudothalmanni BOLTOVSKOY, 1981, p.44-46, pi.1, figs.1-35.



Abditodentrix asketocomptella PATTERSON, 1985, p.140, pl.1, figs.1-9.

Superfamily CASSIDULINACEA d’Orbigny, 1839a
Family CASSIDULINIDAE d’Orbigny, 1839a
Genus Cassiduling d’Orbigny, 1826
Cassidulina califomica Cushman and Hughes, 1975
Cassidulina californicc CUSHMAN and HUGHES, 192., | 12, pl.2, fig.1.

Cassidulina delicata Cushman, 1927b
Cassidulina delicata CUSHMAN, 1927b, p.168, pL6,fig.5.

Cassidulina translucens Cushman and Hughes, 1925
Cassidulina translucens CUSHMAN and HUGHES, 1925, p.15, pl.2, fig.5.

Genus Globocassidulina Voloshinova, 1960

Globocassidulina rarilocula (Cushman, 1933b)
(Plate 2, Figure 3)

Cassidulina ranlocula CUSHMAN, 1933b, p.93, pl.10, fig.4.

Globocassidulina sp.A

Subfamily EHRENBERGININAE Cushman, 1927a

Ehrenbergina Reuss, 1850
Ehrenbergina pacifica Cushman, 1927¢
Ehrenbergina pacifica Cushman, 1927¢, p.5, pl.2, fig.2(a-b).
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Superfamily TURRILINACEA Cushman, 1927a
Famiiy TOSAIIDAE Saidova, 1981
Genus Tosaia Takayanagi, 1953
Tosaia symmetrica McCulloch, 1977
Tosaia symmetrica McCULLOCH, 1977, p.243, pl.104, fig.12.

Family STAINFORTHIIDAE Reiss, 1963
Genus Stainforthia Hofker, 1956

Stainforthia exilis (Brady, 1884)
(Plate 2, Figure 4,5)

Bulimina ¢lagans d’Orbigny var. ¢xilis BRADY, 1884, p.339, pl.50, fig.5-6.
Bulimina exilis Brady LOEBLICH and TAPPAN, 1953, p.110, pl.20, fig.4-5.

Superfamily BULIMINACEA Jones, 1875
Family SIPHOGENERINOIDIDAE Saidova, 1981
Subfamily SIPHOGENERINOIDINAE Saidova, 1981
Genus Euloxostomum McCulloch, 1977
Euloxostomum alatum (Seguenza, 1862)
Vulvulina alata SEGUENZA, 1862, p. 115, pl.2, fig.5.
Bolivina pseudobeyrichi CUSHMAN, 1926a, p.35, text fig. 57a,b.
Bolivina alata (Seguenza) TODD and LOW, 1967, p.A26, pl.4, fig. 6,7.

Family BULIMINIDAE d’Orbigny, 1826
Genus Buliming d’Orbigny, 1826
Bulimina rostrata Brady, 1884
Pulimina rostrata BRADY, 1884, p.408, pl.51, fig.14-15.
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Bulimina buchiana d’Orbigny CUSHMAN, 1922a, p.95, pl.20, fig.4 (not Bulimina
buchiana d’Orbigny, 1846).
Bulimina rostratiformis McCulloch, 1977

Bulimina buchiana d’Orbigny BRADY 1884, p.407, pl.51, fig.18-19, (not Bulimina
buchiana d'Orbigny, 1846).

Bulimina sp.nov. BARKER, 1960, pl.51, fig.18-19.
Bulimina rostratiformis McCulloch, 1977, p.245, pl.104, fig.8.

Buliming striata d’Orbigny, 1843
Bulimina striata ’ORBIGNY in Guerin-Meneville, 1843, p.8, pl.2, fig.16,16a.

Genus Globobulimina Cushman, 1927a
Globobulimina affinis (d’Orbigny, 1839a)
Bulimina affinis d’'ORBIGNY, 1839a, p.105, pl.2, fig.25-26.

Globobulimina sp.A.

Genus Protoglobobulimina Hofker, 1951

Protoglobulimina pupoides (d’Orbigny, 1846)
Bulimina pupoides d’ORBIGNY, 1846, p.185, pl.11, fig.11-12.

Protoglobobulimina sp.A

Family BULIMINELLIDAE Hofker, 1951
Genus Buliminella Cushman, 1911
Buliminella sp. A.
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Buliminella sp.B.

Buliminella sp.C.

Family UVIGERINIDAE Haeckel, 1894
Subfami y UVIGERININAE Haeckel, 1894
Genus Euuvigering Thalmann, 1952
Euuvigerina juncea (Cushman and Todd, 1941)
Uvigerina juncea CUSHMAN and TODD, 1941, ».78. p1.20, fig 4-11.

Euuvigerina peregrina (Cushman, 1923)
Uvigerina peregrina CUSHMAN , 1923, p.166, pl.42, fig.7-10.

Genus Uvigerina d’Orbigny, 1826

Uvigerina senticosa Cushman,1927
(Plate 2, Figure 6)

Uvigerina senticosa CUSHMAN, 1927b, p.159, pl.3, fig.14.

Uvigering sp. A.

Uvigerina sp. B.

Uvigerina sp. C.

Subfamily ANGULOGERININAE Galloway, 1933




34

Genus Angulogerina Cushman, 1927a

Angulogering galapagoensis McCulloch, 1977
Angulogerina galapagoensis McCulloch, 1977, p.263, pl.107, fig.8-10.

Superfamily DELOSINACEA Parr, 1950
Family CAUCASINIDAE N.K. Bykova, 1959
Subfamily CAUCASININAE N.K. Bykova, 1959
Genus Francesita Loeblich and Tappan, 1963
Francesita advena (Cushman, 1922a)
Virgulina(?) advena CUSHMAN, 1922a, p.120, pl.25, fig.1-3.
Eggerella advena (Cushman) CUSHMAN, 1937, p.51, pl.5, fig.12-15.
Francesita advena (Cushman) LOEBLICH and TAPPAN, 1963, p.215, fig.3-6.

Superfamily DISCORBACEA Ehrenberg, 1838
Family DISCORBIDAE Ehrenberg, 1838
Genus Neodiscorbinella McCulloch, 1977
Neodiscorbinella operosa (McCulloch, 1977)
Discorbinita operosa McCULLOCH, 1977, p.299, pl.127, fig.7,9-11,13.
Neodiscorbinella operosa (McCulloch) LOEBLICH and TAPPAN, 1987, p.557.

Family ROSALINIDAE Reiss, 1963
Genus Rosalina d’Orbigny, 1826
Rosaling colymbiensis (Cushman, 1925)

Discorbis columbiensis CUSHMAN, 1925, p.43, pl.6, fig.13(a-c).

Rosaling columbiensis (Cushman) LANKFORD and PHLEGER, 1973, p.127, pL.5,
fig.10-12.
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Rosaling sp.A.

Family SPHAEROIDINIDAE Cushman, 1927a
Genus Sphaeroiding d’Orbigny, 1826
Sphaeroidina bulloides d’Orbigny, 1826
Sphaeroidina bulloides d’ORBIGNY, 1826, p.267.

Superfamily DISCORBINELLACEA Sigal in Piveteau, 1952
Family PSEUDOPARRELLIDAE Voloshinova jn Voloshinova and Dain, 1952
Subfamily PSEUDOPRRELLINAE Voloshinova in Voloshinova and Dain, 1952

Genus Epistominella Husezima and Maruhasi, 1944

Epistominella exigua (Brady, 1884)
(Plate 1, Figures 1,2)

Pulvinulina exigua BRADY, 1884, p.696, pl.103, fig.13-14.
Epistominella ¢xigua (Brady) F.L. PARKER, 1954, p.533, pl.10, fig.22-23.

Epistominella vitrea Parker, 1953
(Plate 1, Figures 3,4,5)

Epistominella vitrea PARKER in PARKER, PHLEGER, and PEIRSON, 1953, p.9, pl.4,
fig.34-36, 40-41.
Superfamily PLANORBULINACEA Schwager, 1877
Family CIBICIDIDAE Cushman, 1927a
Subfamily CIBICIDINAE Cushman, 1927a
Genus Fontbotia Gonz4lez-Donoso and Linares, 1970
Fontbotia wuellerstorti (Schwager, 1866)
Anomalina wuellerstorfi SCHWAGER, 1866, p.258, pl.7, fig.105 (not fig.107).
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Truncatuling wuellerstorfi BRADY, 1884, p.662, pl.93, fig.8-9.

Fontbotia wuellerstorfi (Schwager) GONZALEZ-DONOSO and LINARES, 1970, pl.2,
fig.2-4.

Cibicides wuellerstorfi (Schwager) SRINIVASAN and SHARMA, 1980, p1.8, fig.11-13.

Genus Lobatula Fleming, 1828
Lobatula fletcheri (Galloway and Wissler, 1927)
Cibicides fletcheri GALLOWAY and WISSLER, 1927, p.64, pl. 10, fig.8-9.

Genus Montfortella Loeblich and Tappan, 1963
Montfortella disjuncta (McCulloch, 1977)
Herercibicides disjuncta McCULLOCH, 1977, p.449, p.188, fig.5-7.
Mmzfsz%::lla disjuncta (McCulloch) LOEBLICH and TAPPAN, 1987, p.583, pl.637, fig.4-

Superfamily NONIONACEA Schultze, 1854
Family NONIONIDAE Schultze, 1854
Subfamily NONIONINAE, Schultze, 1854
Genus Nonionella Cushman, 1926b
Nonionella pulchella Hada, 1931
Nonijonella pulchella HADA, 1931, p.120, text-fig.79.

Nonionglla stella Cushman and Moyer, 1930

Nonionella miocenica Cushman var. stella CUSHMAN and MOYER, 1930, p-56, pl.7,
fig.17.

Subfemily ASTRONONIONINAE Saidova, 1981
Genus Astrononion Cushman and Edwards, 1937
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Astrononion echolsis Kennett, 1967
(Plate 2, Figure 7,8)

Astrononion echolsis KENNETT, 1967, p.134, pl.11, fig. 7(a-b),8.

Subfamily PULLENIINAE Schwager, 1877
Genus Melonis Montfort, 1808

Melonis barleeanum (Williamson, 1858)
(Plate 3, Figures 1,2)

Nonionina barleeana WILLIAMSON, 1858, p.32, pl.3, figs.68,69.

Gavelinonion barleeanuym (Williamson) BARKER, 1960, p.224, pl.109, fig.8-9.
Melouiis pompilioides (Fichtel and Moll) MURRAY, 1971, p.199, pl.84, fig.1-7.
Melonis barleeanys (Williamson) PFLUM AND FRERECHS, 1976, pl.7, fig.5.,6.
Melonis barleeanum (Williamson) CORLISS, 1979, p.10, pL.5, fig.7-8.

Melonis pompilioides (Fichtel and Moll, 1798)
(Plate 3, Figures 3)

Nautilus pompi'ivides FICHTEL and MOLL, 1798, p.39, pl.2, fig.(a-c).
Melonis etruscus MONTFORT, 1808, p.67, text fig.on p.66.
Melonis pompilioides (Fichtel and Moll) ROGL and HANSEN, 1984, p.30, pl.2, fig.1-2;
plL.3, fig.1.
Genus Pullenia Parker and Jones in Carpenter, Parker and Jones, 1862

Pullenia bulloides (d’Orbigny, 1846)
(Plate 3, Figures 4,5)

Nonionina bulloides d’ORBIGNY, 1826, p.127 (nom. nud.).
Nonionina bulloides ’ORBIGNY, 1846, p.107, p1.5, fig.9-10.

Pullenia sphaeroides (d’Orbigny) CUSHMAN, 1914, p.20, pl.11, fig.2.
Pullenia bulloides (d’Orbigny) BARKER, 1960, p.174, pl.84, fig.12-13.
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Pullenia salisburyi R.E.Stewart and K.C. Stewart, 1930
(Plate 1, Figures 6,7)

Pullenia salisburyi STEWART and STEWART, 1930, p.72, pl.8, fig.2.

Pullenia sp.A

Superfamily CHILOSTOMELLACEA Brady, 1881
Family CHILOSTOMELLIDAE Brady, 1881
Subfamily CHILOSTOMELLINAE Brady, 1881
Genus Chilostomella Reuss in Czyzek, 1849
Chilostomella oolina Schwager, 1878
Chilostomella oolina SCHWAGER, 1878, p.513, pl.1, fig.16.
Chilostomella oolina Schwager BARKER, 1960, p.112, pl.55, fig.12-14, 17-18.

Family OSANGULARIIDAE Loblich and Tappan, 1964

Genus Osangularia Brotzen, 1940

Osangularia parki (Finlay, 1939)
(Plate 3, Figures 6,7)

Cibicides parki FINLAY, 1939, p. 528, p.69, fig.1(a-b).
Nuttallides umboniferys (Cushman) R. WRIGHT, 1978, p.716, pl.6, fig.13-14, (not

Pulvinulinella ymbonifera Cushman 1933b).
Cibicidoides parki (Finlay) BOERSMA, 1986, p.988, pl.7, fig.1-5; pl.8, fig.1-5.

Family ORIDORSALIDAE Loeblich and Tappan, 1984
Genus Oridorsalis Anderson, 1961
Oridorsalis tenera (Brady, 1884)
Truncatulina tenera BRADY, 1884, p.665, pl.95, fig.11(a-c).
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Eponides (?) tenera (Brady) BARKER, 1960, p.196, pl.95, fig.11(a-c).
Eponides tenera (Brady) BERGGREN, 1972, p.986, pl.6, fig.10-11.

Oridorsalis umbonatus (Reuss) R. WRIGHT, 1978, p.716, pl.6, fig.15-19 (not Rotalina
umbonata Reuss, 1851).

Qridorsalis umbonatus (Reuss) SCHNITKER, 1979, p.404, pl.8, fig.4-6 (not Rotalina
umbonata Reuss, 1851).

Qridorsalis sp.A.

Family HETEROLEPIDAE Gonzilez-Donoso, 1969
Genus Anomalinoides Brotzen 1942

Anornalinoides spissiformis (Cushman and Stainforth, 1945)

Anomalina alazanensis Nuttall var. spissiformis CUSHMAN and STAINFORTH, 1945,
p-71, pl.14, fig.5(1-c).

Genus Heterolepa Franzenau, 1884
Heterolepa dutemplei (d’Orbigny, 1846)
Rotalina dutemplei d’ORBIGNY, 1846, p.157, pl.8, fig. 19-21.
Heterolepa simplex FRANZENAU, 1884, p.214.
Heterolepa dutempligi (d’Orbigny) PAPP and SCHMID, 1985, p.61, pl.52, fig.1-6.

Family GAVELINELLIDAE Hofker, 1956
Subfamily GAVELINELLINAE Hofker, 1956
Genus Anomalinulla Saidova, 1975

Anomalinulla sp.A.

Genus Gyroidina d’Orbigny, 1826

Gyroidina altiformis Stewart and Stewart, 1930
(Plate 4, Figures 1-4)



Gyroidina soldanii d'Orbigny var. altiformis STEWART and STEWART, 1930, p.67,
pl.9, fig.2(a-c).

Gyroidina neosoldanii Brotzen, 1936
(Plate 4, Figures 5-7)

Rotalia soldanii (d’Orbigny) BRADY, 1884, p.706, pl.107, fig.6 (a-c), 7(a-c) (not
Rotalina soldanii D’ORBIGNY, 1826).

Gyroidina neosoldanii BROTZEN, 1936, p.158.
Gyroidina sp.A

Genus Linaresia Gonzdlez-Donoso, 1968

Linaresia semicribrata (Beckmann, 1954)

ina ponipilioides Galloway and Heminway var. semicribrata BECKMANN, 1954,
p.400, text-fig.24-25; pl.27, fig.3.

Apomalina valvulineriformis KHALILOV, 1967, .159, pl.34, fig.3(a-c).

Anomalinoides semicribrata (Beckman) BOERSMA, 1986, p.988, pl.1, fig.1-6.
Linaresia semicribrata (Beckman) LOEBLICH and TAPPAN, 1987, p.640, pl.722, fig.1-
7.

Family TRICHOHYALIDAE Saidova, 1981
Genus Buccella Andersen, 1952
Buccella frigida (Cushman, 1922b)
Pulvinulina frigida CUSHMAN, 1922b., p.12.
Eponides frigida (Cushman) CUSHMAN, 1931, p.45.
Eponides frigidus (Cushman} CUSHMAN, 1948, p.71, pl.8, fig.7.
Buccella frigida (Cushman) ANDERSEN, 1952, p.144, text-fig.4-6.

Buccella sp.A.
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Superfamily ROTALIACEA Ehrenberg, 1839
Family ELPHIDIIDAE Galloway, 1933
Subfamily ELPHIDIINAE Galloway, 1933
Genus Cribroelphidium Cushman and Bronnimann, 1948

Cribrelphidium foraminosum (Cushman, 1939)
Elphidium hughesi var. CUSHMAN and GRANT, 1927, p.75, plL.7, fig.5.
Elphidium hughesi var. foraminosum CUSHMAN, 1939, p.49, pl.13, fig.8(a-b).
E_lpﬁi_dj_gm hughesi Cushman and Grant BERGEN and O’NEIL, 1979, p.1290, pl.1, fig.1-

4




CHAPTER 4. DISCUSSION
INTERPRETATION OF CLUSTER ANALYSIS

For this study, two dendrograms were produced. The first, shown in Figure §, is
the Q-mode analysis of both the core and sediment-water interface samples. It is
immediately obvious from Figure 5 that the foraminifera-bearing samples have been
subdivided into two clusters. The mean fractional abundances and ranges of the
characteristic species, presented in Table 3, indicate very little variation between the two
assemblages. This is not unexpected considering that all the samples cluster together
within a Euclidean distance of less than 0.300 (Figure 5). The smaller the Euclidean
distance the greater the similarity between clusters (Fishbein and Patterson, in press).

The first cluster (Figure 5), which comprises all the sediment-water interface
samples and a few samples near the base of the core, is the Pullenia salisburyi-
Epistominella exigua Biofacies. Itis a variable assemblage and is loosely constrained by a
fractional abundance of >0.10 of Pullenia salisburyi and/or Epistominella exigua and <0.20
Epistominella vitrea (Table 3; Figure 6). A scatter plot of the occurrence of Pyllenia
salisburyi versus Epistominella spp. in the sediment-water interface samples (Figure 7)
indicates that although the data is scattered the abundance of Epistominella spp. declines as
the abundance of Pyllepia salisburyi increases.

The second biofacies is a tight cluster of samples characterized by relatively high
fractional abundance (>0.20) of Epistominella vitrea (Table 3; Figure 6). This assemblage,
termed the Epistominella vitrea Biofacies, encompasses all the samples from near the core-
top down to the level of disappearance of the benthic foraminifera and a few samples at the
base of the core.

Although all the sediment-water interface samples clustered together in the previous
Q-miode analysis and the samples appeared to be very similar (based on the low Euclidean

distance), a second Q-mode cluster analysis was performed on the core-top samples alone.
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Figure 5. Q-mode dendrogram of statistically significant sediment-water interface
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Cluster 1 Cluster 2

Species Mean  low high Mean  low high
Uvigerina senticosa 0.026 0 0.081 0.002 0 0.019
Bolivinella pacifica 0.038 0 0.248 0.013 0 0.049
Heterolepa dutemplei 0.029 0 0.058 0.039 0 0.089
Osanglaria parki 0.024 0 0.109 0.001 0 0.013
Epistominella vitrea 0.146 0.030 0.321 0.356 0.215 0.638
Astrononion echolsis 0.021 0 0.063 0.040 0.002 0.116
Stainforthia exilis 0.016 0 0.049 0.032 0.003 0.076
Melonis barleeanum 0.015 0 0.036 0.023 0 0.118
Pullenia salisburyi 0.092 0.008 0.253 0.046 0.004 0.116
Gyroidina neosoldanii 0.010 0 0.047 0.019 0 0.071
Gyroidina altiformis 0913 0 0.073 0.002 0 0.013
Pullenia bulloides 0.016 0 0.083 0.020 0 0.056
Epistominella exigua 0.139 0.037 0.316 0.064 0 0.127
Globocassidulina rarilocula 0.137 0.006 0.234 0.162 0.056 0.276
Melonis pompilioides 0.027 0 0.266 0.014 0 0.048
Neodiscorbinella operosa  0.021 0 0.075 0.004 0 0.052
Anomalinulla sp A 0.003 0 0.019 0.023 0 0.196
Rosalina sp.A 0.004 0 0.017 0.005 0 0.059
Cassidulina californica 0.025 0 0.130 0.003 0 0.010
Oridorsalis ?tenera 0.001 0 0.012 0.010 0 0.125

Table 3. Mean fractional abundances and ranges of the species of the clusters shown
in Figure 5. The most important species in each cluster are in bold type.
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Figure 6. Graphical representation of the fractional abundances of key indicator species
in sediment-water interface and core samples. PAR87a-01 is represented by
the sample at the top of the core marked by a star.

(= )represents Pullenia salisburyi; ( @ ) represents Epistominella ¢xigua:
and (& ) represents Epistominella vitrea. The key to lithologic symbols is
given in Figure 4 (page 11). The gray hatchered bar across the core and graph
represents 2.6 m of core void of benthic foraminifera.



Figure 7.

| E exigua
® L. vitrea
0 ?
L ™
g 3 o
2 0.2
& 3
E 3
2 0.1 3
a' -
53] ]
i m ®
O-UYTl'lllllIlTI LAL B0 L) Ty T30
0 0.1 02 03

Pullenia salisburyi

Scatter plot of the fractxonal abundances of Pullenia

salisburyi
versus Epistominella exigua and Emsmmmnuaxmafor the
samples of the P_uugma exigua
Biofacies (cluster 1 of F:gure 5). The black line represents the
trend of Epistominella gmgua and gray line represents the
trend of Epistominella virrea.




47

This was done in the hope of recognizing trends in the distribution of the sediment-water
interface samples previously obscured by down-core noise. The dendrogram, presented in
Figure 8, produced by the second Q-mode analysis recognizes two clusters. The first
cluster, termed the Epistominella exigua Sediment-water Interface Assemblage, is
characterized by relatively high abundance of Epistominella exigua and low abundance of
Pullenia salisburyi (Table 4; Figure 9). The second biofacies is the Pullenia salisburyi
Sediment-water Interface Assemblage. Table 4 and Figure 9 show that it is characterized
by an increased abundance of Pullenia salisburyi and a slight increase in the fractional
abundance of Pullenia bulloides.

BENTHIC FORAMINIFERAL ASSEMBLAGES

The sediment-water interface assemblages recognized by the second Q-mode
analysis show a striking correlation to water depth (Figure 9). The Epistiominella exigua
Sediment-water Interface Assemblage comprises the samples which are from water depths
down to approximately 3100 m while the Pullenia salisburyi Sediment-water Interface
Assemblage encompasses the samples from greater depths (3300-3500 m).

It is worthwhile noting here that sample PAR87a-09, not included in the cluster
analysis because of its very low total count, contained mostly unidentifiable fragments of
foraminifera, many of them are from non-calcareous agglutinate species. This sample was
collected from a depth of 3738 m.

The strong correlation between the sediment-water interface assemblages and depth
and the occurrence of a the poorly-preserveu calcareous/agglutinated fauna found below
3700 m suggests that the assemblages are related to selective dissolution of the calcareous
fauna and are therefore strongly controlled by the level of the lysocline. The lysocline is
the level or depth at which there is a marked increase in the dissolution of calcium carbonate

(Berger, 1975). Dissolution of calcium carbonate fauna is selective. The selectiveness is
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Cluster 1 Cluster 2

Species Mean Low  High Mean Low  High
Uvigerina senticosa 0.010 0.003 0.025 0.026 0.003 0.048
Bolivinella pacifica 0.022 0.011 0.043 0.007 0 0.015
Heterolepa dutemplei 0.044 0.043 0.058 0.026 0.003 0.048
Osanglaria parki 0.057 0062 0.109 0.023 0.001 0.058
Epistominella vitrea 0.139 0.077 0.174 0.071 0.141 0.030
Astrononion echolsis 0.011 0 0.018 0.020 0 0.060
Stainforthia exilis 0.019 0.002 0.049 0.019 0.003 0.045
Melonis barleeanum 0.015 0.008 0.019 0.021 0.012 0.030
Pullenia salisburyi 0.049 0.031 0.062 0.192 0.105 0.253
Gyroidina neosoldanii 0 0 0 0 0 0
Gyroidina altiformis 0 0 0 0.007 0 0.020
Pullenia bulloides 0.007 0.005 0.009 0.012 0.011 0.013
Epistominella exigua 0.160 0.107 0.258 0.076 0.047 0.102
Globocassidulina rarilocula 0.177 0.070 0.282 0.124 0006 0.234
Melonis pompilioides 0 0 0 0 0 0
Neodiscorbinella operosa  0.008 0.001 0.013 0.019 0.001 0.051
Anomalinulla sp A 0.001 0 0.002 0 0 0
Rosalina sp.A 0.002 0 0.004 0.004 0 0.012
Cassidulina californica 0.066 0.003 0.130 0.010 0 0.029
Oridorsalis ?tenera 0 0 0 0 0 0

Table 4. Mean fractional abundances and ranges of the species of the clusters shown
in Figure 8. The key indicator species in each cluster is in bold type.
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controlled largely by morphology and mineralogy of the fauna; aragonitic fauna (e.g.
pteropods) are more susceptible to dissolution than calcitic fauna . Many of the
morphological adaptations used by planktic foraminifera to provide buoyancy (e.g. thin
tests with abundant pores, spines, etc.) also make them prone to dissolution after death
(Berger, 1970). As a result the lysocline varies according to the indicator. The benthic
foraminiferal lysocline is the level at which there is a marked decrease in the preservation of
benthic foraminifera. This level is deeper than the planktic foraminiferal lysocline. The
lysocline differs from the Carbonate Compensation Depth (CCD) which is the depth at
which the rate of dissolution exceeds rate of supply of calcium carbonate (Berger, 1979).
While the CCD always occurs at greater depth than the lysocline the distance between them
varies.

Berger (1979) indicated that the CCD rises from approximately 3500 to 3000 m
across the Gulf of Alaska thus the position of the benthic foraminiferal lysocline is above
3500 m over the Patton-Murray Seamount Group. This suggests that the sediment-water
interface assemblages may be distinguished by preservation due to the position of the
benthic foraminiferal lysocline; the shallower Epistominella exigua Sediment-water
Interface Assemblage characterizes water above the benthic foraminiferal lysocline while
the deeper Pullenia salisburyi Sediment-water Interface Assemblage occupies the waters
below it. This positions the benthic foraminiferal lysocline at a depth of between 3100 and
3300 m.

The importance of selective dissolution is indicated by loss of transparency and
damaged chambers of many specimens due to etching and fragmentation of planktic
foraminifera. This is especially evident in the deeper samples and is extreme in sample
PAR87a-09 where even the benthic foraminifera are fragmented. The poor preservation of
PAR87a-09 suggests that this sample was well below the benthic foraminiferal lysocline,
close to the CCD.
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Interpretation of the core clusters is not as straightforward. The core (Figure 10)
can be divided into 3 units, 2 foraminifera-bearing zones at the top and bottom of the core
and a long barren section composed largely of diatomaceous ooze and ice-rafted debris,
referred to in the following discussion as the null assemblage. The foraminifera-bearing
section at the base of the core suggests conditions similar to those at present but it is
difficult to make valid conclusions on so few samples. Therefore interpretation of the core
assemblages will concentrate on the upper foraminifera-bearing unit.

The foraminiferal assemblages, the Pyllenia salisburyi-Epistominella exigua
Biofacies and Epistomine]la vitrea Biofacies divide the upper unit into two subunits. The

Bullenia salisburyi-Epistominella exigua, as discussed above, represents present conditions
and is interpreted to represent deposition very close to the benthic foraminiferal lysocline.

The Epistominella vitrea Biofacies represents a move towards increased calcium
carbonate preservation at depth. It also appears to represent a shift of the fauna from
shallower water to bathyal depths. Epistominella vitrea, the dominant taxon of this
assemblage, has previously been reported from the shelf in the Gulf of Alaska (Bergen and
O'Neil, 1979) and is also relatively common in Holocene sediments of Dixon Entrance and
Hecate Strait, British Columbia (Patterson, in press).

Faunal shifts have been documented for both the Atlantic and Pacific Oceans (eg.
Saidova, 1967: Streeter, 1973; Heath and others, 1976). Schnitker (1974) described the
transition of a Epistominella exigua assemblage in the Northern Atlantic from its present-
day continental slope depths into the basin. These faunal variations coincide with the last
glacial maximum (18 ka). Streeter (1973) relates these shifts to changes in the bottom-
water masses as a result of reduction or cessation of NADW production during periods of
glaciation.

Although the faunal shifts in the Pacific coincide with those in the Atlantic their

relationship to bottom-water circulaw.on is less clearly understood. One likely cause for the
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Figure 10. Stratigraphic section of core PAR87a-01 showing foraminiferal
biofacies, trends in the relative depth of the benthic foraminiferal
lysocline and suggested climatic conditions. The date (20 ka) comes
from Zahn and others (1991). Key to lithologic symbols is given in
Figure 4 (page 10).
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changes in foraminiferal distribution is the production of intermediate and deep waters in

the North Pacific during glacial times. These North Pacific Deep Waters (NPDW) would
be young and as a result not enough time would have passed to allow enrichment in CO,
and depletion of oxygen through the oxidation of organic carbon. Thus NPDW would

have a higher O; content and lower CO; content than the present deep waters. The lower
CO;, content means that the NPDW would be less corrosive to calcium carbonate, thus

pushing down the lysocline and CCD. Formation of NPDW has been implied by
anomalously high 13C values in benthic foraminifera during the last glacial maximum (18
ka); (Shackleton and Duplessy, 1985). The high 13C values are also the result of a lack of
oxidation of organic carbon.

The null assemblage is the result of upwelling. “Old” bottom-waters with their high
CO;, content and low oxygen content are very corrosive. Upwelling of these old waters
results in a shoaling or shallowing of the lysocline and CCD. The oxygen depletion of
these deep waters means they are nutrient-rich. Increased nutrient fluxes to the ocean
surface result in an increase in planktic productvity. The combination of high productivity
and water corrosive to calcium carbonate leads to the deposition of sediments which are
silica-rich and carbonate-deplete. Barron and Keller (1982) have documented hiatuses in
the carbonate record throughout the Miocene.

Upwelling is believed to be initiated by intensified bottom-water circulation brought
on by increased Antarctic Bottom Water (AABW) production. Duplessy and others (1984)
found that the “interglacial” ocean had lower i3C values. This they interpreted as being due

to an increase in AABW formation resulting in intensified deep circulation and upwelling.

LATE PLEISTOCENE CLIMATIC FLUCTUATIONS

The Late Pleistocene was a time of changing climatic conditions. These changes are
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recorded by the three biofacies shown in Figure 10. The changing climate of the Late
Pleistocene influenced the circulation in the deep Pacific which, in tum, influenced the level
of the CCD and lysocline. The earliest interval in the core is characterized by the same two
benthic foraminiferal biofacies as the top of the core. This suggests that deep circulation
was similar to present circulation. Thus, it is possible that the very base of the core
represents a glacial-nonglacial transition.

The transition period was followed by a warmer nonglacial phase of increased
AABW production. This increased production led to upwelling through enhanced bottom
water circulation. During this period the CCD and lysocline were elevated leading to very
poor preservation of carbonate sediment. The null assemblage composed largely of
diatomaceous ooze and ice-rafted debris resulted from deposited during the non-glacial
period.

The next phase, marked by the return of the foraminiferal biofacies, is believed to
represent the last glacial period. During this period the CCD and lysocline were depressed
by the production of NPDW and increased carbonate saturation of the deep waters of the
Pacific (Berger, 1979). The production of deep water was made possible because of the
colder drier-climate in the North Pacific (Douglas and Woodruff, 1981).

The final phase recorded in the core is the most recent deglaciation. During this
postglacial period the CCD and lysocline have once again been elevated. This is indicated
by the present foraminiferal biofacies.

This brief history fits the chronology ¢ the Late Quaternary of British Columbia
presented by Clague (1981). The siliceous phase is equivalent to the Olympia nonglacial
(59 - 29 ka), the Epistominella vitrea Biofacies is equivalent 1o the Fraser Glacial (25 -13
ka) and the Pullenia salisburyi-Epistominella exigua Biofacies represents the current
postglacial phase. The single date (i.e. 20 ka BP) assigned 1o the core (Figure 10) was
obtained from Zahn and others (1991). These authors determined it indirectly by visual
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correlation of the oxygen isotope record of PAR87a-01 with that of core PAR87a-10 dated
by 14C.



CHAPTER 5. CONCLUSIONS

This study showed that benthic foraminifera are good indicators of
paleoceanographic circulation in the Late Quatemary of the northeastern Pacific deep-sea.

Tw- sediment-water interface assemblages, produced by Q-mode cluster analysis
of the 6 statistically significant core-top samples, indicate deposition near the benthic
foraminiferal lysocline. The Epistominella gxigua Sediment-water Interface Assemblage is
indicative of the water mass above the benthic foraminiferal lysocline while the Pullenia
salisburyi Sediment-water Interface Assemblage characterizes the water mass below the
benthic foraminiferal lysocline. The seventh core-t:sp sample, contained only poorly
preserved fragments of calcareous and agglutinated taxa and probably represents deposition
well below the benthic foraminiferal lysocline. Thus at the present time over the Patton-
Murray Seamount Group the benthic foraminiferal lysocline is located at a depth of between
3100 and 3300 m.

Three assemblages were recognized down-core: the Pullenia salisburyi-
Epistominella exigua Biofacies, the Epistominella vitrea Biofacies and the null assemblage.
The null assemblage comprises all the silica-rich and carbonate-depleted samples. This
assemblage represents upwelling of corrosive, nutrient-rich bottom water due to intensified
bottom circulation initiated by increased AABW production during a nonglacial period
equivalent to the Olympia nonglacial of British Columbia. The Epistominella vitrea
Biofacies represents increased carbonate preservation due to depression of the lysocline
during the glacial phase equivalent to the Fraser glacial. The Pullenia salisburyi-
Epistominella exigua Biofacies indicates a shoaling of the lysocline during the present
postglacial period.

The main controlling factor in distribution benthic foraminifera in the northeastern
Pacific appears to be selective dissolution. The importance of selective dissolution is

illustrated by the poor preservation solution-susceptible planktics and the high abundance
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of etched benthics. The cxtent of dissolution is controlled by the depth of the

(foraminiferal) lysocline which is in turn regulated by water chemistrv (i.e. O and CO,

content) related to deep ocean circulation.
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APPENDIX 1

Fractional Abundance Data and associated error for all species.

Species used for cluster analysis are in bold type.
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Plate |

Figs. 1,2.  Epistominclla exigua (Brady); sample PAR87a-01; 1. dorsal view X370;
2. ventral view X450.

Figs. 3-5.  Epistominella vitrea Parker; sample PAR87a-08; 3. dorsal view X500; 4.
sample PAR87a-01; dorsal view X550; S. ventral view X500.

Figs. 6,7. Pullenia salisburyi R.E. Stewart and K.C. Stewart; sample PAR87a-01;
6. side view X170; 7. apertural view X300.






Plate 2

Figs. 1,2. Bolivinella pacifica (Cushman and McCulloch); sample PAR87a-03; 1.
apertural view X950; 2. side view X230.

Figs. 3. Globocassidulina rarilocyla (Cushman); sample PAR87a-01; 3. side view
X220.

Figs. 4-5.  Siainforthia exilis (Brady); sample PAR87a-03; 4. side view X350; 5.
sample PAR87a-05; side view, final chamber broken X270

Figs. 6. Uvigerina senticosa Cushman; sample PAR87a-01; 6. side view X180.

Figs. 7.8. Astrononion echolsis Kennett; sample PAR872a-01; 7. oblique side view
showing aperture X350; 8. side view X250.
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Plate 3

Melonis barleeanum (Williamson); sample PAR87a-01; 1. apertural view
X200; 2. side view X140,

Melonis pompilioides (Fichtel and Moll); sample PAR87a-01; 3. side view
X190.

Pullenig bulloides (d’Orbigny); sample PAR87a-01; 4. side view X250; 5.
sample PAR87a-08; apertural view X400.

QOsangularia parki (Finlay); sample PAR87a-06; 6. dorsal view X100;
7.ventral view X180.
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Plate 4

Figs. 1-4. Gyroidina altifosmis Stewart and Stewart; sample PAR87a-01; 1. slighty
oblique dorsal view X160; 2. edge view X230; 3. dorsal view X150; 4.
ventral view X120.

Figs.5-7. Gyroidina neosoldani Brotzen; sample PAR87a-01; 5. dorsal view X75; 6.
slightly oblique ventral view X160; 7. edge view X400.









