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ABSTRACT OF THE THESIS
Late Oligocene to Pliocene Sea-Level Cycle
Events in the Baltimore Canyon Trough
and Western North Atlantic Basin
By ALLAN J. MELILLO, Ph.D.

Dissertation Director: Professor Richard K. Olsson

Biostratigraphic and 1lithostratigraphic analyses of seven wells
in the Baltimore Canyon Trough off New Jersey and two DSDP sites in
the Western North Atlantic Basin are used to construct a record of
late Oligocene to Pliocene sea-level cycle events and to determine the
relationship between these events and 6:°0 inferred paleotemperature
changes.

Upper Oligocene to 1lower Miocene marine sediments in the
Baltimore Canyon Trough off New Jersey are overlain by a middle(?)
Miocene to upper Pliocene deltaic compleX. Deltaic deposition‘did not
commence prior to the 1late early Miocene and ceased by the late
Pliocene in the region of the present-day continental shelf. By the
late Miocene, possibly by the middle Miocene, deltaic deposition
extended to the region of the present-day middle continental slope.

A late Oligocene decrease in paleobathymetry in the Baltimore
Canyon Trough may correspond to a glacial ice-volume inferred 690
increase 1in planktic and benthic foraminifera at DSDP Site 563. An
early Miocene rise of sea-level in the Baltimore Canyon Trough is

correlated with a decrease in foraminiferal 6?20 values at Site 563.
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A sea-level fall follows this event in the Baltimcore Canyvon Trough
during the late early Miccene. A hiatus corresponding to this
interval is present at Site 563. A decrease in 6'°®0 values at Site
563 1in the wupper middle Miocene suggests a decrease in glacial
ice~volume. A corresponding marine incursion in the upper middle
Miocene interrupted deltaic deposition in the distal parts of the
Baltimere Canyon Trough.

A gradual change in the benthic foraminiferal assemblage at Site
563 begins prior to, and continues after, a major increase in benthic
§*°0 values in the early middle Miocene and, thus, does not appear to
have been initiated by the shift.

Increases in the abundance of the mid-latitude planktic

foraminifer Globorotalia miozea at Site 563 are inversely correlated

with changes in surface water palieo-temperatures inferred from 6'°0

data.
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INTRODUCTION

A knowledge of the timing, magnitude, and causes of eustatic
cycles is helpful in understanding the depositional history of Dbasins
and in making correlations within and between them. Vail and others
(1977) constructed a coastal onlap-offlap curve for the Cenozoic based
on sequences which were identified on seismic reflection sections.
Biostratigraphic data from wells were integrated into the seismic
sections in order to place a&a geoclogic age on each seguence.
Subsequently, Vail and Hardenbol (1979) and Vail and others (1980)
revised the seismic sequence curve and correlated it with a curve of
eustatic changes in the Tertiary. They identified three Pliocene
sequences, eight Miocene sequences, and a latest Oligocene sedquence in
the upper part of the Tertiary. Most of the data used in constructing
the curves have not been published because it is held as proprietary
data. Hence, the wvalidity of the <curve has not been tested
rigorously.

The coastal plain of New Jersey and Maryland and the offshore
Baltimore Canyon Trough are ideally suited for study of stratigraphic
sequences and sea-level changes because of their lcocation on a mature
passive continental margin where tectonic effects are generally small.
Studies in the coastal plain by Melillo and Olsson (1981), Melillo
(1982), Bam (1982), Olsson and others (1%83) and Schreiber (1984) have
produced a record of Miocene-Pliocene sea~level cycles and their
contained benthic foraminiferal biofacies. Poag (1978, 1979),
Hathaway and others (1979), &abbott (1878), and Olsson and others

(1980) conducted studies of the biostratigraphy and paleoecology of



late Oligocene +to Pliocene units in the continental shelf off New
Jersey using data from AMCOR (Atlantic Margin Coring Project) and
other wells. Studies of late O0Oligocene to Pliocene units off New
Jersey on the continental slope include a generalized discussion of
the biostratigraphy and paleoecology of the ASP (Atlantic Slope
Project) 14 and 15 wells (Poag, 1978, 1979) and more detailed . studies
of the COST (Continental Offshore Stratigraphic Test) B-3 well (Poag,
1980; Valentine, 1980). Miller and others (1985A) examine the
distribution of Oligocene hiatuses in the New Jersey margin with
respect to the deep-sea benthic foraminiferal 6*¢0 record. Based

upon theoretical considerations Tucholke (1981) suggested that there
is no irect relationship between eustatically-controlled margin
hiatuses and oceanographically-controlled deep-sea hiatuses.

The deep-sea manifestation of sea-level cycles identified in
continental margins is not well established. Studies Dby Barron and
Keller (1982) and Keller and Barron (1983) support a very close
relationship between eustatic falls identified Dy vail and others
(1977, 1979, 1980) and deep-sea hiatuses, whereas the work of Moore
and others (1978) doces not. In this study, the distribution of
deep-sea hiatuses at DSDP Sites 334 and 563 is compared with the
record of stratigraphic sequences in the Baltimore Canyon Trough and
coastal plain of New Jersey and Maryland in order to determine the
nature of this relationship in the late Oligocene to Pliocene of the
Western North Atlantic.

Although other mechanisms have Dbeen proposed as initiators of
eustatic changes (Pitman, 1978; Cloetingh and Wortel, 1985;:; and

others), Pitman (1978) believes that only changes in glacial



ice-volume can explain the rapid fluctuations in Neogene sea levels
observed in the stratigraphic record. In this study, the planktic and

benthic foraminiferal 6%°0 curves and abundances of Globorotalia

miozea and other selected planktic foraminifera at Site 563 are used
to establish a record of late Oligocene-MNiocene paleotemperatures and
glacial ice~volume changes which can be compared with the sea-level
cycles identified in the Western North Atlantic Margin.

This is the first study to examine the manifestation of late
Oligocene to Pliocene sea-level cycles from a basin margin setting to
a deep-sea setting. The sﬁudy has four goals: 1) to use lithologic
and planktic and benthic foraminiferal data to determine the late
Oligocene to Pliocene sea level history of the Maryland-New Jersey
coastal plain, the Baltimore Canyon Trough, and Western North Atlantic
Basin; 2) to compare the distribution of deep-sea hiatuses at DSDP
gites 334 and 563 in the Western North Atlantic Basin with the
sea~level history of the Western North Atlantic Margin; 3) to document
the relationship between late Oligocene-Miocene sea-level cycles in
the margin and the 6*°0 paleotemperature record at DSDP Site 563; 4)

to determine the usefulness of Globorotalia micZea as an indicator of

surface-water paleotemperatures.



METHODS

Samples used in this study from the Baltimore Canyon Trough are
from cores taken from three Atlantic Margin Coring Project (AMCOR)
wells, three Atlantic Slope Project (ASP) wells, and cuttings from the
Continental Offshore Stratigraphic Test (COST) B-3 well (Fig. 1).
The AMCOR 6009B, 6010 and 6011 wells are located on the present day
continental shelf. The ASP 13, 14, and 15 wells, and the COST E-3
well are located on the present day continental slope. Samples from
the Western North Atlantic Basin are from Deep Sea Drilling Sites 334
and 563 (Fig. 2). Samplie depths are given as depth below sea level,
except for the DSDP sites where they are given as depth below the
sediment surface. A listing of the samples examined from each well is
given in Appendix 1.

Samples from the COST B-3 well, and, to a lesser extent, from
Site 334, contain evidence of large amounts of caving of material from
higher stratigraphic levels. For this reason, emphasis is placed on
the first downwell occurrence of a species since this marks
the highest stratigraphic position of the species. Only rarely were
samples from the remaining cored wells contaminated with
younger species. The contaminating species were usually Pleistocene
species which were easily distinguished from the in-place fauna.

Absolute abpundance counts were made and used in numerical
analysis and diversity measurements. Relative abundance counts were
made of planktic species at Sites 334 and 563.

Approximate grain-size distributions were determined by

hand sieving of +the samples and using the c¢lassification system
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Figure 1 Location of wells in Baltimore Canyon Trough used
in this study. Well data were projected onto
dip-section A-A'.
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of Folk (1974). Samples were wetted for color determinations
which were made using the Munsell color chart. The percentage of
foraminiferal test fragments in a sample was estimated wusing the
percentage estimation charts of Terry and Chilingar (1955).

Gamma-ray, neutron porosity, electrical resistivity, and
spontaneous potential logs were used with lithologic and faunal data
toc correlate units between the AMCOR, ASP and COST B-3 wells. The
DSDP wells were correlated only on biostratigraphic data.

Specimens of Globogquadrina altispira altispira used 1in

oxygen isotope analyses were picked from the greater than 63
micron size fraction. Analyses were performed at
Lamont~Doherty Geological Observatory courtesy of K.G. Miller and
R.G. Fairbanks.

Identification of benthic foraminiferal species was made
using Cushman (1820-1931, parts 2-8), Cushman and Cahill (1833),
Barker (1960), Murray (1971), Pflum (1971), Poag (1981), Tjalsma
and Lohman (1983) and thers. k Identification of planktic
foraminiferal species was made using Bolli (1957), Blow (1969),
Jenkins (1971), Kennett (1973), Stainforth and others (1975),
Kennett and Srinivasan (1983) and others. Important planktic and

benthic species are illustrated by scanning electron micrographs.



STRUCTURAL SETTING

Baltimore Canyon Trough

The Baltimore Canyon Trough is one of five basins along the
eastern continental margin of North America (Fig. 3) which formed
during the opening of the North Alantic in middle Jurassic time (Grow
and Sheridan, 1981). It extends from Virginia to New Jersey, where it
attains its maximum width (10C km) and thickness.

Up to five kilometers of syn-rift and thirteen kilometers of
post~-rift deposits, mainly Mesozoic, are present off New Jersey (Grow
and Sheridan, 1981; Schlee and Jansa, 1981). Neogene sediments
consist of sands, silts, and clays (Libby-French, 1983). Miocene
deposits account for most of this sequence (Pcag, 1978). In contrast,
less than two kilometers of sediments are present in the New Jersey
coastal plain {(Olsson, 1980). A westward extension is present beneath
the coastal plain of New Jersey, Maryland, Delaware, and part of
Virginia which forms the Salisbury Embayment (Fig. 4) (Olsson,
1580).

The main post-rifting tectonic process has been subsidence
resulting from crustal cooling, sediment loading, and eustatic
sea-level changes (Pitman, 1978; Watts and Steckler, 1981).

Western North Atlantic Basin

The Western North Atlantic Basin 1s a 1large bathymetric
depression which has developed as a result of sea-floor spreading
since the middle Jurassic (Gradstein and others, 1981). It is bounded
to the east by the Mid-Atlantic Ridge, to the west by the coastal

plain of eastern North America, by the Newfoundland Ridge to the
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north, and by the Antilles and Barracuda Fracture Zone to the south
(Jansa and others, 1980).

With the exception of the Mid-Atlantic Ridge and Puerto Rico
Trench +the basin is a tectonically stable region dominated by thermal

subsidence of oceanic crust.
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LITHOLOGIC AND PHYSICAL CHARACTERISTICS

Sedimentation in the Baltimore Canyon Trough off New Jersey
was predominantly terrigenous during the Neogene. During much of
the middle(?) Miocene through late Miocene—early Pliocene(?)
deltaic conditions existed in the present—-day continental shelf
and upper continental slope areas, reaching a maximum thickness of
approximately 1lkm in the vicinity of the present day continental slope
(Grow, 1980). A series of alternating silts, sands and
occasional gravels characterize these deposits. Prior tdb the
development of the delta, sedimentation in the New Jersey
coastal plain and nearshore region consisted mainly of sands and

deep~water silts containing common siliceous microfossils while

glauconitic, slightly sandy, silts containing abundant siliceous
microfossils were deposited in the area of the present-day
continental slope. Following the cessation of deltaic conditions,
alternating marine silts, sands, and, in the Pleistocene,

gravels were deposited on the continental shelf while mainly silts
were deposited on the continental slope.

Upper 0Oligocene to lower Pliocene sediments of the Western
North Atlantic Basin are nannofossil-foraminiferal oozes which
display varying amounts of carbonate dissolution.

The AMCOR 6011 well (Figs. 1,5) 4is the only well in this
study where formations of the coastal plain of New Jersey can be
recognized. Three formations occur, the Piney Point, Kirkwood and
Cohansey. The Piney Point Formation is & subsurface unit in New

Jersey (Richards, 1967; Nemickas and Carswell, 1971; Olsson and
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others, 1980). The base of the Piney Pecint was not reached in the
AMCOR 6011 well (Olsson and others, 1980). Sediments ¢f the upper
portion of this formation in the 6011 well consist of clayey.,
glauconitic, coarse to medium sands. Glauconite 1is ©present as
rounded, weathered detrital grains and unrounded grains. A decrease
in grain size occurs in the uppermost portions of the Piney Point. A
clayey, slightly glauconitic, fine sand, which corresponds to a sharp
increase in the gamma-ray lcg is present at the top of the unit (Fig.
5).

The overlying Kirkwood Formation is distinguished from the Piney
Point by a lack of glauconite (Olsson and others, 1980). Basal
sediments of the Kirkwood consist of brown silts and clays with
abundant gypsum. Above this is a coarsening upward sequence of sands
(Fig. 5). Diatomaceous clays and silts are present above and, in
turn, are overlain by sand (Fig. 5). Abruptly above the sand is a
series of silts and clays capped by a sand which marks the top of the
Kirkwood (Fig. 5). The overlying Cohansey Formation is distinguished
by a marked increase in guartz grain size (Isphording and Lodding,
1969).

Gamma-ray and neutron porosity 1logs are nost useful in
correlating between wells in the Baltimore Canyon Trough.
Correlations are made between the AMCOR 60098 and 6010 wells and
between the ASP 13, 14 and the B-3 wells on the basis of well-log
signatures, lithologic, and biostratigraphic data (Fig. 6).
Correlation with the AMCOR 6011 and ASP 15 wells is accomplished using
biostratigraphic data.

Lithostratigraphic units present in the New Jersey coastal plain
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and adjacent offshore region cannot be recognized in the AMCOR 6009B
and 6010 wells (Fig. 1). Eleven informal lithostratigraphic units
are identified in this study in these wells (Fig. 5). The AMCOR 6010
is less sandy. Units 6 through 11 are characterized Dby alternating
olive-gray to dark olive-gray sands and silts. Glauconite is abundant
at the base of Unit 9 in the 6010 well. Gypsum is common in Unit 7 in
the 6009B well. Unit 5 in the 6009B well is a gray sandy silt which
grades upward into a gray clayey silt with fine gravel. The same
apparent stratigraphic level in the 6010 well contains silty sands
with abundant gypsum and glauconite. The overlving sediments of Unit
4 are dark gray, micaceous, iron-stained, silts and occasional sands.
Siliceous microfossils are absent from this unit and all sediments
examined in these wells. A dark green, silty, medium grained sand
which is identified as Unit 43 is present above this unit in the 6010
well.

Unit 3 is composed of a series of dark olive-gray, micaceous, silty
fine sands with rare to common shell fragments. These grade into dark
gray silts, clays and occasional sands of Units 2 and 1 (Fig. B5).

In the ASP 13 well the dominant lithology is an
olive-gray. micaceous, sandy silt. A region of reduced
gamma-ray and neutron porosity values is present from 997.0m to
935.7m which appears to correspond to a relatively 1low mica
content (Fig. 6). In the remainder of the section above this
interval gamma-ray and neutron porosity values are generally
higher and appear to correspond to an increased mica content (Fig.
6). Occasiocnal sands and sandy silts are present throughout the

section. Small guantities of glauconite also are occasionally
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present, especially in the lower portions of the section. Very
small amounts of gypsum are present in a few samples. Most silts have
a reddish iron stain. Diatoms are present from approximately 905.3m
and below. Plant fragments are common to absent.

Dark-green, highly glauconitic, sandy silts with abundant
diatoms, radiolarians, and foraminifera are present in the lower
portions of the ASP 14 well from 1475.8m to 1470.2m. The presence
of reworked Eocene planktic foraminifera at 1470.9m indicates a
probable sediment gravity flow origin. Diagenetic gypsum in
association with dolomite is common here and rare at 1471.6m.
Glauconite content is generally approximately 20%, but
increases to 50% at 1470.2m. Dark-green, glauconitic, slightly
sandy, silts are present from 1448.9m to 1446.8m. Glauconite is
present as rounded, weathered detrital grains and unrounded
grains. Most silt is iron-stained. Diatoms are common,
radiolarians are rare and foraminifera are absent. A series of
dark olive-gray, micaceous, sandy silts and clays and sands 1is
present from 1426.5m toO 1228.3m. Gypsum and glauconite are
common in places. Diatoms are generally very abundant,
radiolarians are rare and foraminifera are absent. Plant fragments
are common. A similar, less micaceous, 1lithology is present from
1228.3m to 1212.2m. Gypsum is present in the uppermost portion of
this interval. A dark olive-gray clay is present at the top of the
sequence from 1212.2m to 1188.2m.

The lowermost sample examined in the ASP 15 well is from
1553.6m and consists of a pale yellow-brow, slightly marly,

glauconitic clay with abundant radiolarians. From 1532.2m to
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1514.6m a green-gray to olive-gray, highly glauconitic, sandy silt
and clay is present. Radiolarians are very abundant. Above this,
an olive-gray, micaceous, silty clay i1s present from 1513.4m to
1507.9m. Rounded glauconite is present from 1510.0m tc 1508.8m and
at 1512.1m. Reddish iron staining is present in small amounts in some
samples from 1515.4m to 1508.8m. Plant fragments are common to
absent in that interval.

White nannofossil-foraminiferal oozes are present at Site
334. Dissolution ranges from eolytic (signs of initial
dissolution) to oligolytic (signs of slight dissolution) accerding
toc the dissolution facies scheme of Hsu and Andrews (1970).
The percentage of foraminiferal test fragments in each sample,

an important measure cof dissolution (Thunell, 1976) is given in Figure

7. Fragments of basalt and brown vesicular volcanic glass are
occasionally present. At Site 563, white pelagic oozes are
present from 157.0m to 241.20m. Dissolution is generally

eolytic to mesolytic (signs of considerable dissolution). Below this,
cream colored pelagic oozes are present from 242.05m to 304.54m.
Dissolution is generally eolytic to oligolytic. The percentage of

foraminiferal test fragments in each sample is given in Figure 8.



Figure 7. CARBONATE DISSOLUTION
AT DSDP SITE 334
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BIOSTRATIGRAPHY

The distribution of modern planktic foraminifera i1is greatly
influenced by surface-water temperatures (Pe and Tolderlund, 1971; Be,
1877). Five latitudinally-dependent rlanktic foraminiferal
biogeographic provinces are recocgnized: Polar, Sub-~Polar,
Transitional, Sub-Tropical, (=2ach of which is bipolar) and Tropical.
A number of studies suggest that Neogene planktic foraminifera were
similarly influenced by 1latitudinal changes in surface water
temperatures (Jenkins, 1956A, 1366E, 19¢7; Kennett, 1973; Berggren,
1972;: and others). Changes in global ciimate and circulation patterns
resulted in the migration, or introduction by currents, of middle
latitude species into low latitudes, and vice-versa. The study area
is a region in which ©Dboth middle and 1low latitude planktic
foraminifera are @present in the Mioccene/Pliccene. As a result, the
biostratigraphic zonation used during a given period must be
indicative of the dominant faunal component present at that time. 1In
this study, a middle latitude (m.1l.) zonation is used during the late
Pliocene and late Miocene (Fig. 9) (Xennett, 1973; Srinivasan and
Kennett, 1981; Kennett and Srinivasan, 1983). A low latitude ({(1.1.)
zonation is used during the middle Miocene and early Pliocene (Figs.
10,11) (Rolli, 1957; Bolli and Premoli-Silva, 1873; Stainforth and
others, 1975). In the early Miocene a 1.1. zbnation is used for the
Western North Atlantic Basin, while a m.l. zcnation is used for the
Baltimore Canyon Trough where upwelling currents appear to be
responsible for the introducticon of a 1largely cooler-water planktic

foraminiferal assemblage. PFlanktic foraminiferal datums at DSDP Site
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Figure 9 Temperate (m.l.) planktonic foraminiferal zonation of

Kennett (1973) and Kennett and Srinivasan (1981).
(From Kennett and Srinivasan, 1983)
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Figure 10 Tropical (1.1.) planktonic foraminiferal zomation of
Bolli (1957) and Bolli and Premoli-Silva (1973).
(From Kennett and Srinivasan, 1983)
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563 are correlated with the standard paleomagnetic time scale using
the paleomagnetic stratigraphy of Miller and others (1885).

Baltimore Canycon Trough

AMCOR 6011
Planktic foraminifera are absent from the Cohansey Formation and
are very rare in the underlying Kirkwood Formation (Appendix 2). As
a result, most age determinations are based oOn the biostratigraphy
from the nearby Jobs Point well in the New Jersey coastal plain (Fig.
1) wusing data from Olsson and others (1980), Melillo and Olsson
(1981), Palmer (1981), and Melillo (1982).

The late Miocene m.l. Neoglobogquadrina continuosa Zone which 1is

present in the Jobs Point well from 93.9m to 102.4m (Melillc and
Olsson, 1982; Melillo, 1982) is correlated with the interval from 92.7
to 103.7m in “he 5011 well (Fig. 12). Palmer (1981) assigns a lower

Miocene radiolarian Calocycletta costata Zone (=1.1. Globigerinatella

insueta Zone) in the 6011 well to the siliceous interval from 103.6n
to 150.3m andé in the Jobs Point well to the siliceous intervas from
115.2m to 172.Em. The interval from 172.5m to 178.56m in the Jobs
Point well wnhich is contained within the early Miocene 1.1.

Glorigerinatella insueta Zone (Olsson and others, 1980; Melillo, 1982)

is correlated witlh the interval from 158.6m to 172.6m in the 6011 well
(Fig. 12).

The base of the Kirkwood Formation is placed at 222.8m in the
6011 well immediately above the glauconitic sands of the Piney Point
Formation (Fig. 12). Olsson and others (1980} assign a late

Oligocene age (Globigerina ciperoensis Zone) to the upper portions of

Piney Point Formation in the 6011 and Jobs Point well. The G. opima
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opima Zone 1is present from 244.5m to TD (282.3m) in the 6011 well
(Clsson ané others, 1980; Miller, pers. conm.). Specimens of

Chiloguempelina cubensis (Palmer) present in the lower portions of

thie well are considered reworked and thus cannot be used to support

t

ha assignment of a BEocene age Dby Abbott (1978) and Hathaway and
otners {1979) to this interval (Fig. 13).
AMCOR 6009B

Members of the Globorotalia tosaensis Takavanag: anc

Saitc-Globorotalia truncatulinoides (4'Orbigny) lineage are absent

from the AWCOR wells, probably as a result of the relatively shailow

h

G.

raleobatnymetry. Because the first evolutionary appearance o

truncatulinoides is considered to mark the base of the Pleistocene it

was not possible to firmly  establish the position orf the
liccene/Pleistocene boundary in these wells.

Neoglobogquadrina dutertrei (d'Orbigny) first occurs at 88.4Zm in

a sparse fauna which includes Globorotalia inflata (d'Orbigny; and

Neogloboquadrina blowi Rogl and Bolli (Fig. 14). Accerding to

Kennett (1973) the first appearance of N. dutertrei in mniddle

latitudes occurs very near the first appearance of Globorotalia

f

truricatulinoides whereas it occurs slightly before the first

occurrence of G. truncatulinoides in low latitudes. The dominantly

cooler-water, higher latitude, nature of the fauna suggests, but does

not confirm, a Pleistocene age. At 93.2m the presence of Globorctalia

inflata and G. crassaformis (Galloway and Wissler) suggests a late

Pliccene age {m.l. Globorotalia inflata Zone to m.l. Globorotaliia

tosaensis Zone) (Figs. 12,14). Hathaway and others (1579) place the

Pliocene/Pleistocene boundary at approximately 191.5m (Fig. 13).



28

la37dawvs Lown

Q

W "1

e 01N 1
—/0171d 3

o11d "1

/70i1d "1

18131473

I

 e—
AdN1s (8461) SHAHILO
SIHL ONY AYMVYHLVH

0109

INIDOINW

I'anaoond |

INIDOLSIATd

G37dAVS

10N

TIN3DOINI
31v1

[

017d 1
ICIEREIE
/°o1d

(6.61) SH3IHLO
ONV AVMVYHLVH

86009

INIDOIN

Irormal
- o~

INID0LSITd

R

‘(1x3i 338) saianis
H3IHLO WOHH V1va ,,

JOE)HO EIR A

Q=

"OIn
ATHY3

CILEIRA]

S
LAanLs
SIHL

‘003

"OIN ATdvY3

{

"IN S

[’J.S!E?d"ol'ldi'olw

(8L61)
ii1098Y

1109

| 003

INIDOINW

]

“Lsiad

I

(6261) SH3AHILO

ONVY AVMVYHLYH

- 00€

-~ 00¢

~- 001

(W)
H1d3d

ST73IM HOOWY 40 S31ANLS SNOIAIHd "€1 2an3td



BIOSTRATIGRAPHY OF AMCOR 6009B WELL

Figure 14
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The co-ogcgurrence of N. continuosa (Blow) and Globigerina

praebulloides Blow at 167.26m suggests the presence of the upper

Miocene m.l. N. continuosa Zone {Figs. 12,14). Hathaway and others
(1979) assigned the interval from approximately 181.5m to 222.5m a
Pliocene(?) age (Fig. 13).

The presence of Ammonia ©Dbeccarrii (Linnaeus) at 301.2m may be

significant. Loeblich and Tappan {(1964) give the range of Ammonia as
Neogene, while Hardenbol (pers. comm.) believes that A. beccarrii is
restricted to upper Miocene, or young=ar, deposits. Thus, 1t may be
that this level is of late Miocene age (Figs. 12,14).

AMCCR 6010

Globorotalia inflata, G.menardii (Parker, Jones and Brady),

Neoglobogquadrina dutertrei, N. pseudopachyderma (Cita, Premoli-Silva,

and Rossi), and N. acostaensis (Blow) are present in the interval from

141.2m to 160.6m (Fig. 15). The occurrence of ¥. pseudopachyderma

indicates an age no younger than early Pleiztocene (Saito and others,
1981) and the association of this species with N. dutertrei suggests

the uppermost Pliocene m.l. Globorotalia tosaensis Zone to lower

Pleistocene m.l. Globorotalia truncatulincides-tcsaensis Zone (Figs.

12,15).

The occurrence of G. inflata, G. crassaformis, Neogloboguadrina

pseudopachyderma, and N. humerosa (Takayanagi and Saito)} at 170.1m

identifies the late Pliocene m.l. Globorotalia inflata Zone to

Globorotalia tosaensis Zone (Figs. 12,15). Thus, +the Pliocene/

Pleistocene boundary appears to lie between 160.6m and 170.1m (Figs.

12,15}). Ha&?away and others (1979) niace the boundary at



BIOSTRATIGRAPHY OF AMCOR 6010 WELL

Figure 15
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approximately 270.9m (Fig. 13).

The presence of Globorotalia conomiozea Kennett at 280.3m

indicates a latest Miocene to earliest Pliocene age (m.1. Globorotalia

conomiozea Zone to m.l. lowsr Globorotalia puncticulata Zone (Figs.

12,15). The occurrence of #Neogloboguadrina acostaensis and N,

pseudopachyderma at 314.6m identifies this level as late Miocene 1in

age (m.l. Neogloboguadrina continuosa Zone) (Figs. 12,15).

ASP_13

The upper Miccene m.l. Neoglopoguadrina continuosa Zone 1is

identified from B867.3m tCc 966.8m (Figs. 16,17). Species which

characterize thig interval include N. continuosa, N. acostaensis, and

N. pseudopachyderma. Rare specimens of Globogquadrina dehiscens

(Chapman, Parr, and Collins) occur in the lower portions of this
interval (Fig. 16).
At 1214.2m in the ASP 14 well a cooler-water fauna which includes

Globorotalia truncatulinoides truncatulinoides, G. inflata,

Neogloboquadrina dutertrei, right coiling N. pachyderma (Ehrenberg),

and Globigerina bulloides d'Orbigny indicates a Pleistocene age (Figs.

17,18).

The late Miocene m.l. Neogloboguadrina continucsa Zone is present

at 1305.4m (Fig. 17). Diagnostic species include N. continuosa, N.

acostaensis, and N. pseudopachyderma (rig. 18).

Middle Miocene sediments are present from 1345.8m to 1470.Zm and
lower Miocene sediments from 1471.6m to 1475.8m (Figs. 17,185.

Globorotalia maveri Cushman and Eilisor first occurs at 1345.8m and in

the interval from 1412.1m to 1420.2m the zZconal species Globorotalia
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Figure 18. BIOSTRATIGRAPHY OF ASP 14 WELL
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fohsi robusta Belli is present (Figs. 17,18). A very sgparse planktic

foraminiferal assemblage is present at 1422.8m which is assigrned a
middle Miccene ags based on superposition.
The FO of Orbulina at 1470.2m corroborates ©both the middle

Miocene m.l. Orbulina suturalis Zone and the middle Miocene 1...

Gleborotaliz fohsi peripheroronda Zone (Figs. 17,18). &s stated in

the Lithology and Physical Characteristics section, the sample from

L]

1470.2n appears to be part 'offa sediment-gravity flow deposit. If so,
this suggests an lower—ﬁiddle Miocene unconformity. The interval from

1471 .6m to 1475.8m contains Globorotalia mioczea Finlay, G.

pseudomiozea Walters, Globigerinatella insueta Cushman and Stainrortn,

and Globigerinoides sicanus De Stefani without Praeorbulina glomergssa

Blow., thus identifying the early Miocene m.l. Globorotalia miozea Zone

and the early Miocens 1.l1. upper Globigerinatella insueta Zone and

confirming the presence of a hiatus (Figs. 17,18).
ASP 15
The planktic foraminiferal zonation of the ASP 15 well is shown
in Figures 17 and 19. It can be observed that 1lcwer, middle, and
upper Miocene zones are identified in this well. A hiatus probably

separates the middle and upper Miocene, with the 1.1. Globorotalia

fohsi 1lobata/robusta Zone being overlain by the m.l. Globorotalia

conomiozea Zone.

At 1529.9m the appearance of Catapsydrax dissimilis Cushman and

Bermudez and Globigerinatella insueta indicates the 1.1. Catapsydrax

stainforthi Zone (Figs. 17,19). The absence of Globigerinatella
insueta {from 1530.9Sm to 1531.7m indicates ¢the 1.1. Catapsydrax

disgimilis Zone (Figs. 17,19). The occurrence of Globorotalia




BIOSTRATIGRAPHY OF ASP 15 WELL

Figure 19.

37

<’\
o -
-~ N [%s)
_, 24 - @
= o : 2
< o ; »
~ =
5 2 g B
w N : @ ;
g e ) a N
(@) = <
N g - E (@]
= - w [
o @ 4 foed
o T a w
o ) )
[©] u. [&] (D
(o)
" w
< w
Z w =
w Q w w
8 (o] 0] 4
= w
w = = = o
o w = o
w
< w | >
= [=) 3 w
j jm) o of e
< <
{ = w 4

Y30YLIA01S04 HIElodyosdNl
YM3IYo03 vwHILoEENS

YAJIN YHIYIONILSYHOONISd

YHUN BWILO 42 HINEl0d¥08072
I[80NYHD SISH3YLIHOYNO WHIAFISIB0TD
UNNLlYIJH I TdWY HHINIDIE0TD
SISH3IAND BHITIIEW3IN90IHD
‘*dS HMININBOY

[YWZZI103H 49 HHINIdYIY
Yol1oMEE3Z Y1TE1l0¥08079
YlllawdIal YMNIAAENEOE0TD
SNNYIINN XEJO0ASIYLILD
SITIMISSIA XHYYO0ASIELED
y13NSHI YI131YHIA3918072
yisnanad ISHO4 HIYl0d0807s
1¥3AEK PITRLIONp0E079D
SIYaNLNs WHINgA0

YSON¥IWNH YHINAYNDOE0TTD03H
SISHI3IYLSOOY YNINOPYNDO80TD03H
YOoIWNl01S27d YIYloaosong
¥SZ0IW W1TI¥l0¥08079
SISHINI0OKHI0ANEE BHINOWNLOE0TD
YOILlIN HHIIAHNYD

T . . . . A
=
(o)
S
Wiz £ £ E & r ¥ © I &
opi@® =< & © |§a S N ]
. A . N . PR
- 2 ¢ S o IZ N R TR B
- = g v o™ Mmoo om o
il B R T TR T RN TS A r B Ty
m w Ll -t ] -t Ll ot Rl - Ll taul
o




38

zealandica Hornibrook from 1529.9m to 1531.7m is consistent with the
range given by Kennett and Srinivasan (1983) ard idertifies the m.l.

Catapsydrax dissimilis zZone. A relatively sparse planktic

foraminiferal fauna at 1532.2m including C. dissimilie, Dbut not

Globorotalia zealandica, is also placed in the 1.1. and m.l.

Catapsydrax dissimilis Zones (Figs. 17,13).

2n assemblage which includes Pseudohastigerina micra (Cole),

Chilogumbelina cubensis (Palmer), Glcbigerina ampliapertura Bolli,

Subbotina eocaena (Gumbel), Turborotalia postcretacea (Myvatliuk), and

Globorotalia cf. opima nana Bolli is present at 1553.6m {(Fig. 19).

Globorotalia cf. opima nana differs from typical specimens cf G. opima

nana by being more lobate in egquatorial view and iess guadrangular,

and by the presence of a delicate apertural 1ip. It resembles G.

bolivariana (Petters) with its more lobate chambers but differs from

that species in that it is less involute, having all thse chambers of
the pentultimate whorl visible. Toumarkine and Bolli (1975) reported
a similar form, which they also identified as G. cf. opima nana,

from +the upper Eocene of Possagno, Italy. Also present are forms

cimilar teo Acarinina medizzai {(Toumarkine ané Bolli) which has a

repcrted range of middle to the lower par: of the upper Eocene
(Toumarkine and Bolli, 1975), and rare, very small, highly spinose
specimens of the genus Acarinina, which generally does not range above
*he middle Eocene. In addition, the large size of the specimens of

Chiloguembelina cubensis may indicate an Eocene age. Thus, this

interval is placed in the upper Eocene Glcbeorotalia cerroazulensis

s.l. Zone (Figs. 17,19).
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COST B-3
The topmost sample recovered from the COST B-3 well was taken at
1158.2m and it contains middle and upper Miocene species, including

Globorotalia acrostoma Wezel, Globcrotalia mayeri, G. fohsi robusta,

and Neoglobogquadrina pseudopachyderma (Figs. 20,21). The presence of

G. acrostoma suggests that this stracigraphic levsl is not older than

the middle Miocene 1.1. middle Gioporotalia fonsi fonsi Zcne (Fig.

21). The co-occurrence in this sample of G. fohsi robusta and

Neogloboguadrina pseudopachyderma, species wnhose ranges do not

overlap, indicates that caving of materiadl from higher stratigraphic

levels has occurred. It appears that Globocrotalia fcohsi robusta 1is

also from a higher stratigraphic level and is cavead.

The top of the lower Miocene m.l. Globcrotalia miczea zZone 1is

placed at 1204.0m where Globorotalia zealandica has its first

occurrence downhole (Figs. 20,21). The presence of a lower-middle
Miocene hiatus in the nearby ASP 14 well suggests that one 1is also
present in the COST B-3 well (Figs. 18,20,21). The placement of this
poundary is contrary to the work of Valentine (1880) who placed it at
1405.1m on the basis of calcareous nannofossils and of Poag {1980) who
placed the boundary at 1359.4m Dbased oOn raciolarian data and the

highest occurrence of Globigerinoides sicanus (Fig. 21). S8tainforth

and others (1975) question the biostratigrapic validity of this
sdatum” noting that forms seemingly identical to G. sicanus range to
higher stratigraphical levels.

The top of the m.l. Catapsydrax dissimilic Zone is placed at

1268.6m where C. unicavus Bolli, Loeblich, ané Tappan has its highest

stratigraphic appearance (Figs. 20,21;. T"he presence of a single



BIOSTRATIGRAPHY OF COST B~-3 WELL

Figure 20,
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specimen of Globorotalia opima nana Bolli, possibly reworked, in

samples from 1414.3m to 1441l.7m is anomalous (Fig. 20). This zone is

present to 1423.4m where Globorotalia kugleri Bolli first cccurs and

marks the top of the 1.1. and m.l. Globorotalia kugleri 2Zones (Figs.

20,21). The first appearances of G. kugleri and G. pseudokugleri Blow

at 1423.4m may indicate that the top of the zone is missing. The
Oligocene/Miocene boundary is placed at 1432.6m where Globigerina
ciperoensis Bolli, a species often used to approximate the
Oligocene/Miocene boundary, first occurs (Figs. 20,21). The top of

the late QOligocene Globorotalia opima opima Zone is placed at 1450.9m

where Globorotalia opima opima Bolli first occurs in abundance (Figs.

20,21). :

Western North Atlantic Basin

DSDP Site 334

The interval from 129.55m to 133.05m falls within the lower

Pliocene 1.1, Globorotalia margaritae Zone {Fig. 22).
Sphaercidinellopsis subdehiscens {Blow), Globorotalia conoidea
Walters, and G. conomiozea have their LO within this zone (Fig. 22).

Specimens of G. concmiozea are first found at 167.74m and indicate

that the uppermost Miocene m.l. Glcborotalia conomiozea Zone 1is

present from 137.70m to 167.74m (Fig. 22). Sphaeroidinellopsis

paenedehiscens Blow first appears within this zone (Fig. 22). The FO

of Neoglobogquadrina humerosa at 177.05m indicates the earliest

Messinian. Thus, at Site 334 the m.l. Globorotalia conomiozea Zone is

contained within the Messinian. The m.l. Globigerina nepenthes Zone

is present from 167.74m to 179.31lm where Neoglobogquadrina continuosa

last occurs {(Fig. 22) . Neoglobogquadrina acostaensis ranges
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BIOSTRATIGRAPHY OF DSDP SITE 334

Figure 22.
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throughout this well and the co-occurrence of this species and N.

continuosa identifies the m.l. Neogloboguadrina continuosa Zone ir the

interval from 179.31im to 253.39m (Fig. 22). The LO of Globogquadrine

deniscens falls within this zone (Fig. 22). Glcbigerincides

conglopatus (Brady) and G. extremus Bolli first appear within this
zone (Fig. 22).

Throughctt the late Miocene of Sites 334 and 563 and the Fliocene
of Site 334 forms are present which are gradational Detween

Globorotalia menardii, G. mediterranea Catalanc and Sprovieri, G.

dalii Perconig, and G. miozea. Miles . (1977) and Poore (1981) repcrt
similar findings at Site 334. In a biocmetric study of late Miocene
keeled globorotaliiids of the Mediterranean, Zachariasse (1979;
concluded that these taza, and G. conomiozea, were part of an evolving
cline and that the bpiostratigraphic utility of the group is
guestionable. Zithough close morphologic relationships are observed

within this group at Sites 334 and 563, G. conomiozea can be easil

<

distinguished and is therefore considered to have biostratigraphic
utilitv in the Western North Atlantic.

DSDP Site 563

The highest level examined contains Neogloboquadrina cf.

humerosa. This suggests that the upper portion of the m.l.

Globigerina nepentnes Zcne is present in the interval from 156.5m to

157.69m (Fig. 23). The co~occurrence of N. acostaensis and K.
continuosa from 166.05m to 186.63m identifies the Mel.

Neogloboguadrina continuosa Zone (Fig. 23). The first appearance oOF

N. acostaensis is at the base of the uppermost normal event of

magnetozone €5 (Fig. 23}.
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Tre upper middle Miocene m.l. Globorotalia mayeri Zone is placed

from the LO of Globorotalia cf. maveri at 188.21m to the

disappearance c¢f G. fohsi peripheroacuta Blow and Bannsr at 204.05m

(Fig. Z3). The lowermost occurrence of G. fohsi periphercacuta is at

241.20m, at the base of Core 9 and indicates the presence ¢f the m.l.

Globorotalia peripheroronda-peripheroacuta Zcne (Fig. 23). Orpulina

stturalis Bronniman also first appears at tnis level (Fig. 23).

Thus, the m.l. Orbulina suturalis Zone is probably missing.

The use cf a low-latitude zonation for the middle Kiocene permits
more detaiied division of this interval than is pessiblie using a
middle-latitude zonation. However, the presence of the cool wa:zer

species Globorotalia miozea throughout much of this interval indicates

that a low latitude zonation is not entirely applicable at this site.
The interval from 156.5m to 186.63m is contained within the 1.1.

Neogloboguadrina acostaensis Zone (Fig. 23). Neogloboguadrina cf.

numerosa is present at 157.69m, possibly indicating & latest Miocene,

Messinian, age (Fig. 23). Globorotalia plesiotumida Blow and Banner

first occurs within this zone in association with the uppermost normal
event of magnatozone C5 (Fig. 23).

The last occurrence of G. mayeri is at 188.21m (Fig. 23).
Forms assigned to G. c¢f. mayeri are present in the sample at 187.38m,

approximately G.75m below the first occurrence of Neogloboguacrina

acostaensis in  the next higher sample at 186.£3m {(Fig. 23). Thus,

+he ranges of these taxa at Site 563 are contiguous, which indicates
an apparent middle-late Miocene hiatus when using a low latitude
zonation. However, Kennett and Srinivasan (1983) show that the ranges

of these taxa are contiguous at middle latitudes so that no hiatus may
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pe present. The probable completeness of the magnetostratigraphic
reccrd appears to support a conformable sequence (Miller and others,
1L98EB).

The lowermost occurrence of Globigerirna nepenthes Teodd at the

pottom of core 5 indicates the presence of the 1.1. Glcbeorotalia

mayeri (=siakensis) Zone from 188.21m to 203.z0m (Fig. 23). This FO

datum is correlated with the lowermost reversed event of magnetozone

¢s (Fig. 23).

.11 members of the Globorotalia fohsi lineage are present at Site

563. Globorotalia fohsi robusta, G. fcohsi lobata Bermudez, G. fonsi

=N

ohsi Cushman and Ellisor, and G. fohsi periphercacuta all disappear

at the top of Core 6 near the uppermost normal event cf magnetozone

C52, where the top of the 1.1. Globorotalia fohsi lobata/robusta Zone
is placed (Fig. 23). This may indicate that a hiatus exists between

Cores § and 6 in which part of the 1.1. Globorotalia maveri Zone and

the uppermost portion of the Globorotalia fohsi lobata/ropusta Zones

are missing (Fig. 23). However, this is not considered probable {see

section on Deep—-Sea Hiatuses). The base of the 1.1. Globorotalia

fohnsi 1lobata/robusta  Zone at 222.20m is correlated with the base of

the reversed event of magnetozone C5HAA (Fig. 23).

The 1.1. Globorotalia fohsi fohsi Zone extends o the bass of

core 1C {(241.20m) where G. fohsi periphercacuta and Orbulina suturalis

are first present (Fig. 23). The simultaneous FO of these species

indicates that the 1.1. Globorotalia fohsi peritheroronda Zone 1s

missing (Fig. 23).

Praeorbulina glomerosa curva (Blow) and P. transitoria (Blow)

first occur at 255.46m, apparently correlative with the normal event
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of magnetozone C5B, and indicate the presence of the 1.1. Praeorbulina

glomerosa curva zZone (Fig. 23). The simultaneous occurrences of

these species may indicate that the lower portion o¢f the zone is
missing.

Catapsydrax dissimilis and C. unicavus disappear at 256.29m,

slightly below the FO of Praeorbulina near the third oldest reversed

event of magnetozone C5C (Fig. 23). The FO of Praeorbulina

immediately above the LO of Catapsydrax dissimilis and C. unicavus

indicates the presence of a hiatus (Fig. 23). Because these events
sccur within Core 11 and not between cores it appears that a hiatus is

presant in which the 1.1. Catapsydrax stainfcrthi and Glekbigerinatella

insueta Zones are missing. Species having their FO within <the 1.1.

Catapsydrax dissimilis Zone include Globigsrinoides guadrilobatus

(dtorbigny), G. subgquadratus Bronnimann. Globorotalia miozea (normal

event of magnetozone C5D), G. praescitula Blow (rormal event of C6),

and Sphaeroidinellopsis disjuncta (Finlay) (normal event of C5D) (Fig.

23). The LO of Glcoboquadrina tripartita Koch and Gliobigerinoides

primordius Blow and Banner are within this zone (Fig. 23).

Globorotalia zealandica and G. 1incognita Walters are present in very

small numbers (Fig. 23).

The LO of Globorotalia kugleri at 28C.5m (apparently correlative

with the reversed(?) event of magnetozone C6A(7)) marks Dbase of the

1.1. and m.l. Catapsydrax dissimilis Zones (Fig. 22). Because this

event occurs at the top of Core 14 the upper range of G. kugleri may
be truncated and thus the true magnetostratigraphic correlation of
this event may be slightly younger (Fig. 2Z).

The FO of G. kugleri at 302.21m marks tnhe pase of the 1.1
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Globorotalia kugleri Zone (Fig. 23). Tre lower portion of this =zone,

prior to the first occurrence of Globogquadrina dehiscens, is placed in

the upper Oligocene by Srinivasan and Kennett (1983) ({Figs. 9,23).
Berggren and others, in press, place the Oligocens/Miocene boundary at
the FO of g; kugleri. The base of this zoﬁe is correlated with the
uppermost porticn of the lower reversed event of magnetozone CoC (Fig.

23}). Globigerina sellii (Borsetti)} and Globorotalia pseudokugleri

last occur in this zone (Fig. 23). ° Globorotalia opima nana last

occurs Jjust above the FO of Neoaloboquadrina continuosa (Fig. 23}.

Both LO datums are correlated and 'magnetozcne CGE. Globoguadrina

baroemoenensis (Leroy) and G. altispira altispira Cushman and Jarvis

first occur near the top of the zone and Globigerina woodli Jenkins

first occurs near the base of the zone.

The FO of Globoguadrina dehiscens at 296.62m marks the base of

tnhe Miocene (Fig. 23) (S8Srinivasan and Xennett, 1383). Thus, the
Oligocene/Miocene boundary as used above 1s correlated with the

reversed event of magnetozone C6B (Fig. 23).
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DEEP-SEA HIATUSES

The production and preservation of carbonate deposits in the
pelagic realm is largely a function of the fertility of near-surface
waters and the corrosiveness of bottom waters (Berger, 19792). Deep-
sea hiatuses result from periods of non-deposition, erosion, and
dissolution, the most important facter being dissclution (Moore and
others, 1978). The degree of corrosiveness of bottom water masses 1is
variable. "Younger" water masses, which have only recently descended
from the surface, are well oxygenated, have a low carbon dioxide
content, and thus are less corrosive to calcium carbonate. The
opposite is true for "older"™ waters which have lost much of their
oxygen through oxidation of organic material and as a result have a
greater carbon dioxide content. Alsc, water masses with high
carbonate ion concentrations are less corrosive, and vice-versa. In
general, Antartic Bottom Water (AABW) tends to be "older™ and more
corrosive than other bottom-water masses (Berger, 1979).

Kennett and Shackleton (1976) and Kennett (1977) recognize
climatic deterioration in the earliest Oligocene which they interpret
to have resulted in the formation of ARBW. According to Keller and
Barron (1983) subseguent periods of c¢limatic deterioration should
result in an increase in the production, circulation, and
corrosiveness of AABW. Keller and Barron (1983) believe that an
increase in the distribution of Neogene deep-sea hiatuses shculd
correspond tc periods of refrigeration inferred from oxygen isotope
data and to periods of eustatic sea-level falls predicted from models

in which increases in glacial ice=~volume are primary causal mechanisms
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(e.g. vVail and others, 1977, 1980). However, Berger (1973, 1979)
using data from Arrenhius (1952), has shown that there is an increase
in the preservation of calcium carbonate in the equatorial Pacific
during Pleistocene glacial intervals thus indicating no evidence for
increased acitivity of AABW.

gtudies of deep-sea hiatuses in the North Atlantic have been
conducted by Moore and others (1978), Vail and others (1980), Barron
and Keller (1982), Keller and Barron (1983), and Miller and Tucholke
(1983) (Fig. 24).

Moore and others (1578) using a broad data base consisting of
reports from DSDP Legs 1 through 31 in the Pacific, North and South
Atlantic, and Indian coceans, as well as from the Carribbean and Gulf
of Mexico identify hiatuses by the absence of one or more
biostratigraphic =zones. Previously, Moore (1972) noted an unusually
large proportion of hiatuses reported from between cores recovered DY
the DSDP and estimated that an average of 35% (=6.3m of the 18m length
of two consecutive cores) of the sediments in a given section may not
be recovered as a result of "vagaries of the drilling process®. As a
result, Moore and others (1978} employ a cautious approach in the
study of the distribution of deep-sea hiatuses whereby stratigraphic
gaps occurring Dbetween cores are not considered real unless the
duration of the gap is greater than 6.3m divided by the average
sedimentation rate above and below the gap.

Using this technigue Mocre and others (1978) recognize three
maxima and three minima in hiatus distribution in the Miocene-early
Pliocene of the North Atlantic {(Fig. 24).

vail and others (1980) recognize hiatuses off the Blake
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Escarpment and off the northwest coast of Africa through an analysis
of seismic stratigraphic events dated by correlation with
biostratigraphic determinations in nearby wells. Nine hiatuses in the
Miocene—early Pliocene of the North Atlantic were reported, four of
which were not biostratigraphically documented (Vail and others, 1980,
Text Table 1) (Fig. 24).

Barron and Keller (1982) and Keller and Barron (1883) recognize
eight widespread deep-sea hiatuses in the latest Oligocene tc Pliocene
(Fig. 24). They note that many of them fall between cores but reject
the reasoning of Moore (1972) and Moore and others (1978) on the basis
that: l)the sampling interval they have used, approximately one
sample per core section, is greater than that used by Moore and others
(1978) and affords them greater biostratigraphic control; 2)well sites
located in high productivity regions have expanded sections which
allows recognition of hiatuses from sedimentation rate curves; 3)"the
eight hiatuses identified can be recognized in numerous deep-sea
sections where they fall between cores as well as within cores"™; 4)
recent advances in stratigraphic technigques, including the integration
of various microfossil Zzonations, provide a purported 100,000 year age
control for low—latitude Miocene sections.

The primary data base used by Barron and Keller (1982) and Keller
and Barron (1983) consists of sixteen DSDP sites in the Pacific, only
six of which are located in high productivity eguatorial regions.
Hiatuses recognized at these locations were then searched for at other
sites where they fell Tbetween cores as well as within cores®. No
data on the statistical significance of the fregquency of these

occurrences are given. L great deal of reliance is placed on the
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accuracy of the correlation of calcareous and siliceous microfossil
zonations. Because these groups are often mutually exclusive in
occurrence it is difficult to correlate the datums of one group with
those of the other. Furthermore, they do not address the question of
drilling losses and appear to assume that little or no loss occurs.
Thus, they do not show data substantiating greater Dbiostratigraphic
precision and have not fully considered the problem of drilling
losses. For these reasons, the approach of Moore (12972) and Moore and
others (1978) is used to recognize hiatuses in this study.
Site 334
No hiatuses appear to be present in the late Miccene-early
Pliocene at this site (Fig. 22). ‘ -
Site 563
A hiatus (Hiatus 1) occurs within Core 11 iﬁ which the lower

Miocene 1l.l1. Catapsydrax stainforthi and Globigerinatella insueta

Zones are missing (Fig. 23). This is approximately eguivalent to the

m.l. Globorotalia mioczea and upper Catapsydrax dissimilis Zones.

Hiatus 1 coincides with two minor unconformites noted by Vail and
others (1980), and to a hiatus maximum in the Pacific noted by Loutit
and Kennett (1981). The lower portion of the hiatus overlaps with the
upper portion of hiatus NH1b of Barron and Keller (1982) and Keller
and Barron (1983) (Fig. 24). Miller and Tucholke (1583) and Miller
(pers. comm.) note that seismic reflector R2 in the northern North
Atlantic dates to the late early Miocene and is often accompanied by a

hiatus in which the lower Catapsydrax stainforthi to lower

Praeorbulina glomerosa l.l. Zones are missing (Fig. 24). Thus, it

may be that the 1late early Hiocene hiatus at Site 5863 can be
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correlated to this reflector.

It can pbe seen in Figure 8 that samples below the hiatus exhibit
upsection increases in dissolution whereas samples above it display
very little evidence of dissclution suggesting that the hiatus may Dbe
the result of erosion and/or non-deposition during a period of
increased carbonate dissolution.

A possible hiatus is present at Site 563 between Cores 10 and 11

in which the 1.l1. Globorotalia peripheroronda Zone, egquivalent to the

m.l. Orbulina suturalis Zone, is missing (Fig. 23). It may be that

the upper portion of the 1l.1. Praeorbulina glomercsa Zone is also

missing (Fig. 23). Using the techniques of Moore (1972) and Moore
and others (1978) calculations indicate that average sedimentation
rates above and below the gap are only slightly less than those
required to consider this gap a hiatus (Table 1). Furthermore, since
the rates were of necessity calculated using species with truncated
ranges the rates given are minimum values. Thus, it appears that it
represents a hiatus which is designated Hiatus 2.

Hiatus 2 occurs during & maximum in hiatus distribution reported
by Moore and others (1978) and may overlap slightly with the uppermost
portion of hiatus NH2 of Barron and Keller (1982) and Keller and
Bérron (1983) (Fig. 24). It does correspond to a major erosional
event noted by van Andel and others (1977) in the South Atlantic and
to a minor event noted by Vail and others (1980) (Fig. 24). It also
correlates with a sea-level drop identified by Schreiber (1984) in the
Maryland coastal plain.

Another possible hiatus occurs between the top of Core 6, where

the last appearance of Globorotalia fohsi lobata occurs, and the Dbase
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Table 1

Minimum average sediment accumulation rate from FO Praeorbulina
to FO G. fohsi lobata - 16.2 m/Ma

Hiatus resulting from
average drilling losses

At 357% drilling loss 6.3m _
16 2m/Ma 0.38 Ma

Duration of stratigraphic break is 0.5 Ma. Thus, it appears to represent
a hiatus.
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Berggren and vVan Couvering (13978) believe that no time interval 1is
present between these datums in contrast to the previous works of
Bolli (1957), Blow (1969), and Stainforth and others (1975) and
others. Taple 2 shows that a hiatus is not likely present when an
average drilling loss of 35% is used (Table 2). Thus, this apparent
stratigraphic break probably does not represent a hiatus. It does not
correspond to any hiatus noted by Van Andel and others (1977) or Moore
and others (1978), but does correspond to hiatus NH3 of Barron and
Keller (1982), and Keller and Barron (1983). It also correspond to a
minor hiatus noted by Vail and others (1980) (Fig. 24).

In summary, fewer hiatuses have been noted at Site 563 than have
been proposed for other locations in the North Atlantic by other
workers. In some cases, this reflects the use of more rigorous
criteria in this study to document hiatuses. t may alsc be due to
the use of only two well sites. Using planktic foraminifera, only one
biostratigraphically well~-documented hiatus occured in the early
Miocene. It corresponds to two minor unconformites noted by Vail and
others (1980) and to a hiatus maximum noted in the Pacific by Loutit
and Kennett (1981). It may also be correlative with seismic reflector
R2. Another probable hiatus occurs in the early middle Miocene and
corresponds to a maximum in hiatus distribution noted by Moore and
others (1978) and to a minor unconformity noted by Vail and others
(1880). It also corresponds to a major erosional event in the South
Atlantic recognized by Van Andel and others (1977). Miller and others
(1985B), using nannofossil data, recognize an early Miocene hiatus at
Site 563 between Cores 12 and 13 in which nannofossil zone NN3 is

missing.



Table 2

Minimum average sediment accumulation rate from FO G. fohsi lobata

to FO N. acostaensis - 13.5m/Ma

Hiatus resulting from
average drilling losses

At 35% drilling loss 6.3m

13- 5m/Ma = 0.47 Ma

Duration of stratigraphic break is 0.4 Ma. Thus, it does not
appear to represent a hiatus.

wn
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NUMERICAL ANALYSIS

Counts of 200-300 individusls caught on a 63 micron mesh screen

h

were made when possible and used in actor and cluster analysis.
Species present in less than 20% of tlie samples Or samples containing
fewer than 50 individuals were not used in the numerical analyses,
except for samples from the DSDP sites, which had generally low
benthic foraminiferal abundances (Apperdicas 3,4).

Factor analysis was performed using the Biomedical Program Series
(BMDP, 1983). Cluster analysis was performed using the Numerical
Taxonomy System of Multivariate Statistical Programs (NT-SYS, 1974).

Checks are made of ths accuracv with which an analysis reflects
the original data matrix Dby using the cophenetic correlation
coefficient (rc) in the cluster analysis and by using the Eigenvalues
in factor analysis. Values cf I between 0.700 and 0.950 are
considered usable. The greater the amount of variance explained by
the number of factor axes us=2d, the more accurately the analysis
reflects the data matrix.

Cluster analysis is a method designed to search for discrete
groupings within the data. However, it will often produce groupings
whether or not natural groupings exist in the data. On the other
hand, factor analysis is a multidimensional gradient technique and 1is
not designed to producs groupings, as such. In addition, it is a
mathematically more flexibie technigue. In most cases, the results of
the two analyses are identical or very similar. Discrepancies usually
occur as a result of groups being formed in the cluster analysis on

tne basis of similarities in the abundances, not the distribution, of
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species, and, or, from the wunavailability of a variaole fer
consideration with Trespect to the other variables once it has been
clustered. In these cases,‘the groupings produced by factor analysis
are used to delineate biofacies. Results of the cluster analyvses are
given in Figures 25-32.

Analyses were performed on matrices combining data from the AMCOR
6011, 600%E, and 6010 wells, the ASP 13, 14, and 15 wells, and
individually from DSDP sites 334 and 563. This was done because Iew
of +the species from each grouping of wells are present in any other
group (Appendix 4). Species and sample identifications are given in
Tables 3-8. Tactor analysis of +the AMCOR wells reveals that the
faunas present in the 6011 well are distinct from those of the 600S5B
and 601C wells wnich nave grouped closely together (Figs. 33,34). A
similar situation exists in the analysis of the ASP wells. In thnis
case, the faunas present in the ASP 13 well are distinct from those
present in the ASF 14 and 15 wells which group closely together (Figs.
35,36). Analysis of the data from the AMCOR 6009B and 6010, ASP 14,
and 15 wells indicate that each grouping contains more than one fauna
(Figs. 37-4C). In factor analysis, the first factor axes account fcor
the greatest source of variance within the data. This variance
appears to be caused Dby the use of the AMCOR 6011 and ASP 13 walis
with their relatively distinctive faunas. As a result, differences
between, and within, the faunas of the remaining wells are ignored
until higher crder factor axes are considered. In order to reduce the
number of axes needed to reveal these differences the AMCOR 6011 and

ASP 13 wells were considered separately (Figs. 4l1-44). The DSDP
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LIST OF SPECIES USED IN NUMERICAL ANALYSIS - AMCOR WELLS

Number
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Abbreviation

Bol.fra.
Buc.and.
Bul.bas.
Bul.mar.
Bul.ele.
Bul.elo.
Cas.car.
Cib.lob.
Cib.orn.
Elp.cla.
Elp sp A
Elp.exc.
Elp.sub.
Epi.pon.
Flo.atl.
Fur.fus.
Fur.sch.
Glo.aur.
Glo.cra.
Glo.ina.
Len. ame.
Mar.dub.
Non.aur.
Non.ste.
Pse.dum.
Pyr.sub.
Qui.tri.
Qui.sem.
Ros.flo.
Tri.ang.
Uvi.per.
Bol.dir.
Bul.pup.
Epe.bas.
Mel.bar.
Pse.strT.
Spi.gra.
Tri.bra.
Val.min.

Species

Bolivina fragilis
Buccella anderseni
Buliminella bassendorfensis
Bulimina marginata
Buliminella elegantissima
B. elongata

Cassidulina carinata
Cibicides lobatulus

C. ornatus

Elphidium clavatum
Elphidium sp. A

E. excavatum

E. subarticum
Epistominella pontoni
Florilus atlantica
Fursenkoina fusiformis

F. schreibersiana
Globobulimina auriculata
Globocassidulina crassa
Globulina inaequalis
Lenticulina americana
Marginulina dubia
Nonionella auris

N. miocenica stella
Pseudopolymorphina dumblei
Pyrgo subsphaerica

[N

Quingueloculina triloculiniformis

Q. seminula

Rosalina floridana
Trifarina angulosa
Uvigerina peregrina
Bolivina directa
Bulimina pupeides
Eponides bassleri
Melonis barleeanus
Pseudopolymorphina striata
Spiroplectammina gracilis
Trifarina bradyi
Valvulineria minuta




TABLE 4

LIST OF SAMPLES USED IN NUMERICAL ANALYSIS - AMCOR WELLS

DEPTH BELOW

WELL SAMPLE # SEA LEVEL (M)
6010 1 151.2
2 152.8
3 160.4
4 160.6
5 170.1
6 172.2
7 173.0
8 179.7
9 273.6
10 280.3
i1 283.7
12 314.6
6009B 13 84.41
14 93.2
15 125.45
16 167.24
6011 17 198.6
18 199.0
19 218.0
20 227.2
21 235.6
22 236.3




NUMBER
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ABBREVIATION

Bol.str.
Bri.ala.
Bul.ala.
Bul.elec.
Cib.flo.
Epo.bas.
Flo.atl.
Glo.aur.
Glo.cra.
Len.ame.
Len.tor.
Len.per.
Mel.bar.
Nod.lon.
Ple.adv.
Ple.hel.
Quad sp.
Pse.tor.
Sph.bul.
Sti.sp A
Sti.bra.
S ¢ acu.
U cf cus
Uvi. jun.
Uvi.per.
Val.sp A
Ala.tan.
Ano.pse.
Bol.lan.
Bri.ant.
Bul.mar.
Bul.str.
Bul.mex.
Chi.ool.
Ci ecf ro
Den.com.
Epi.vit.
Glo.sub.
Gyr.neo.
Kar.bra.
Mar.com.
Mar.occ.
Mel.pom.
Ple.sp A
Pul.bul.
Pul.q/b

Sar.ita.
Sip.bra.

TABLE 5

71

LIST OF SPECIES USED IN NUMERICAL ANALYSIS - ASP WELLS

SPECIES NAME

Bolivina striatula
Brizalina alata

Bulimina alazanensis
Buliminella elongata
Cibicides cf. floridana
Eponides bassleri
Florilus atlantica
Globobulimina auriculata
Globocassidulina crassa
Lenticulina americana

L. torrida

L. peregrina

Melonis barleeanus
Nodosaria longiscata
Plectofrondicularia advena
P. helenae
Quadrimorphina sp.
Pseudonodosaria torrida
Sphaeroidina bulloides
Stilostomella sp. A

. S. bradyi

S. cf. aculeata

Uvigerina cf. cushmani

U. juncea

U. peregrina

Valvulineria sp. A
Alabamina tangentenialis
Anomalinoides pseudogrosserugosa
Bolivina lanceolata
Brizalina antiqua

Bulimina marginata

B. striata

B. striata mexicana
Chilostomella ocolina
Cibicides cf. robertsonianus
Dentalina communis
Epistominella vitrea
Globocassidulina subglobosa
Gyroidinoides neosoldanii
Karreriella bradyi
Martinotiella communis

M. communis occidentalis
Melonis pompiliocides
Pleurostomella sp. A
Pullenia bulloides

P. quinqueloba/bulloides
Saracenaria italica
Siphonina bradyana




NUMBER

49
50
51
52
53
54
55
56
57
58

TABLE 5 (continued)

ABBREVIATION

Sti.cur.
Sti.mod.
Sti.sub.
Tri.bra.
Uvi.aub.
Uvi.spi.
Vir.rot.
Uvi.med.
Ori.ten.
Len.cal.

1LIST OF SPECIES USED IN NUMERICAL ANALYSIS - ASP WELLS

SPECIES NAME

Stilostomella curvatura

S. modesta

S. subspinosa

Trifarina
Uvigerina
Uvigerina
Virgulina
Uvigerina

bradyi

auberiana

spinicostata

rotundata

peregrina mediterranea

Oridorsalis tener tener
Lenticulina calcar




TABLE 6

1LIST OF SAMPLES USED IN NUMERICAL ANALYSIS - ASP WELLS

DEPTH BELOW

WELL SAMPLE # SEA LEVEL (M)

13 1 867.5
2 911.3
3 948.1
4 948.6
5 948.9
6 963.2
7 965.5
8 966.2
9 966.8

14 10 1305.4
11 1345.8
12 1419.1
13 1420.2
14 1423.2
15 1470.2
16 1470.9
17 1471.6
18 1472.2
19 1472.7
20 1475.2
21 1475.8

15 22 1508.8
23 1509.4
24 1510.0
25 1511.0
26 1511.5
27 1512.1
28 1529.9
29 1530.9
30 1531.7
31 1532.2
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Figure 38
AMCOR 6009B AND 6010 WELLS

Q-MODE FACTOR ANALYSIS

1.0 T
11610
BIOFACIES F
BIOFACIES D
12 BIOFACIES B
1.0 BIOFACIES H (® 1
FACTOR AXIS 2 14
BIOFACIES A
13
T BIOFACIES G

FACTOR AXIS 3 L

Bix axes explain 91% of the variance in the data.
Three axes explain 75% of the variance in the data.




Figure 39

ASP 14 AND 15 WELLS
R-MODE FACTOR ANALYSIS

GROUP 5
054
L GROUP 4
°7
GROUP 1 GROUP 3
=
[} .o o %84:“ 1
1.0 44’12’39’%45'35’36 'L
" t - i —
FACTOR AXIS 2 22.')
1.0
32.25,53,55,30,31, | 2134 GROUP 2

20,8,18,37.9,40

FACTOR AXIS 3 <410

Six axes explain 767% of the variance in the data.
Three axes explain 527% of the variance in the data.

80




Figure 40

ASP 14 AND 15 WELLS
Q-MODE FACTOR ANALYSIS

—1.0
- ® 1
e18 | - 19
BIOFACIES O
18]
20';17--
BIOFACIES N
25° |G BIOFACIES M
1.0 BIOFACIES K(e 9| 09«28 147212
. qoj (.3'0 [ °
| $ e $ 13
L ]
FACTOR AXIS 2 ('2;726 22 )8 1.0
BIOFACIES L
FACTOR AXIS 3 _| 1.0

Three axes explain 957 of the variance in the data.

81




Figure 41
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Figure 43
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Figure 44
ASP 13 WELL Q-MODE FACTOR ANALYSIS
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sites were considered separately mainly because Site 334 appears to
contain considerable contamination of planktic, and presumably,
benthic, species. Due to this, meaningful results could not be
obtained. On the other hand, 1ittle contamination appears to De
present at Site 563 and the use of data from Site 334 would most
likely cause a deterioration in the quality of the results obtained at
Site 563.

Numerical analysis of the data from the B-3 well did not produce
meaningful resuits. This is probably due to the effects of the
downhole displacement noted in the planktic fauna. Mcre meaningful
results were obtaired by noting the first downhole occurrence of
species since this marks the highest stratigraphic position of the
species. Large, sudden, downhole decreases 1in the abundance of a
species are considered to be due to caving from higher levels. In
this manner assemblages were delineated which were then compared with
those identified from core samples.

Visual inspection of tne data reveals that many species are
commonly occurring forms which are present in many samples and it is
the proportion of the fauna that they comprise that varies. Groupings
produced by numerical analysis usually contain species which are
present in many samples. As a result, in some instances more than one
group of species represents a biofacies. The relative importance of
each group is a function of the proportion of the fauna which it
represents. Diagrams of relative species abundances are helpful in
visualizing this and are given in Figures 45-50,55,58. 1In this study,
the groups of species which deiéne a bioﬁacies are given in order of

decreasing importance.



DISTRIBUTION OF BIOFACIES IN AMCOR 6009B WELL
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Figure 46.
DISTRIBUTION OF BIOFACIES IN AMCOR 6010 WELL
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DISTRIBUTION OF BIOFACIES IN AMCOR 6011 WELL

Figure 47.
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)K CONTAINS TOO FEW SPECIMENS FOR NUMERICAL ANALYSIS.
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Baltimore Canyon Trough

Biofacies A is comprised almost entirely (95~96%) of Elphidium
excavatum (Terquem) {(Fig. 46) . Asscciated species include E.

subarticum Cushman and rare Juvenille forms of Nonionella auris

(d'orbigny) and Fursenkoina schreibersiana (Czjzek) (Fig. 46). This

biofacies is present at 172.2m and 173.0m in the 6010 well (Figs.
38,46). and is representad by the species in Group 2 in Figure 37.

Biofacies B is characterized by a dominance of Epistominella

pontoni (Cushman) (Fig. 45) . Elphidium excavatum and Trifarina
angulosa (Williamson) are also characteristic (Fig. 46). Nonionella

auris, Cibicides ornatus (Cushman), and Fursenkoina fusiformis

(Cushman) are associated speci=zs (Fig. 48). Uvigerina peregrina

Cushman and Buliminella Dbassendorfensis Cushman and Parker are

sometimes present (Fig. 46). S8pecies in Groups 1 and 2 in Figure 37
represent this biofacies which is present in samples from 170.1m and
273.6m in the 6010 well (Figs. 38,46).

Biofacies C is characterized by a nigh dominance of Buliminella

elongata (d'Orbigny) and 1lesser numbers o= B. elegantissima

(d'Orbigny) and Bolivina directa (Cushman) (Fig. 47). Associated

species include juvenile Lenticulina americana (Cushman), Cibicides

ornatus, and Florilus atlantica (Cushman) (Fig. 47). Samples/from

198.6m, 199.0m, 218.0m, and 227.2m in the 6011 well contain this
assemblage (Figs. 42,47). Species in Group 1 in Figure 41 represent
this biofacies.

Biofacies D is characterized by a dominance of Elphidium

excavatum with lesser numbers of Quingueloculina seminulina (Linnaeusg)

and Nonionella auris (Figs. 45,46). kssociated species include
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Cibicides ornatus, Fursenkoina schreibersiana, Epistominella pontoni,

Buccella anderseni MclLean, and Glonpobulimina auriculata Cushman (Figs.

45,46). Samples from 151.2m, 152.8m, 160.4m, 160.6m, and 175.7m in
the 6010 well and from 93.2m, 125.45m, and 167.26m in the 6009B well
contain this biofacies (Figs. 38,45). This biofacies is represented
by the species in Groups 2, 1, and 2 in Figure 37.

Biofacies E is characterized Dby Cibicides ornatus, Trifarina

bradyi Cushman, Meloanis Dbarlesanus {(Williamson), and Buliminella

elongata (Fig. 47). Associated species include Globulina inaegualis

Reuss, Globocassidulina crasca (d'Orbigny), Quingueloculina

seminulina, and Buliminella =2legantissama (Fig. 47). This biofacies

is present in samples from 235.6m and 236.3m in the 6011 well (Figs.
42,47). Species in Group Z in Figure 41 represent this biofacies.

Buliminella bassendorfensis, Flcrilus atlantica, and Buccella

anderseni characterize Biofacies F (Fig. 38). Associated species

include Cibicides ornatus Lenticulina americana, and Elphidium

excavatum (Fig. 38). Species in CGroup 4 in Figure 37 represent this
biofacies. It is present in samples from 280.3m and 283.7m in the
6010 well (Figs. 38,46).

Fursenkoina schreibersiana, Bulimina marginata d4'Orbigny, and

™

Globocassidulina crassa characterize Biofacies G (Fig. 45).

Associated species include Bolivina cirecta, Nonionella auris, and

Epistominella pontoni (Fig. 45). Species in Group 1 in Figure 37

represent this Dbicfacies. t is present in a sample from 84.41m in
the 6009B well (Figs. 38,45).

Lenticulina americana, Florilus etlantica, and twc species not

used in the numerical analyses, Textularia agglutinans d&'Orbigny, and
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Bolivina sp. 1. characterize Biofacies H (Fig. 46). Valvulineria

minuta (Schubert) and Lagena dorseyae McLean, also not used in the

analyses, and Nonionella auris are associated species (Fig. 46).

Species in Group 3 in Figure 37 represent this Dbiofacies. It 1is
present in a sample from 314.6m in the 6010 well (Figs. 38,46).

Uvigerina juncea Cushman and Todd and U. peregrina characterize

Biofacies I (Fig. 48). Associated species include Quadrimorphina

sp., Melonis barleeanus, Florilus atlantica, and Buliminella elongata

(Fig. 48). Species number 17 and 24 and species in Group 1 in Figure
43 represent this biofacies. Samples from 867.5m, S11.3m, ©48.1m,
948.6m, and ©94B.9m in the ASP 13 well contain this biofacies (Figs.
44 ,48).

Biofacies J is characterized by Bulimina alazanensis Cushman,

Bolivina striatula Cushman, and Pseudonodosaria torrida (Cushman)

(Fig. 48). Associated species include Globocassidulina crassa,

Nodosaria longiscata d'Orbigny, Lenticulina torrida (Cushman), Melonis

barleeanus, and Stilostomella sp. 1 (Fig. 48). Species in Groups 2.

l, and 3 in Figure 43 represent this biofacies. It 4is present in
samples from 963.2m, 965.5m, 966.2m, and S66.8m in the ASP 13 well
(Figs. 44,48).

2 high dominance of Uvigerina auberiana d'Orbigny, and moderate

numbers of Stilostomella bradyi (Cushman) and Buliminella

bassendorfensis characterize Biofacies K (Fig. 49). Buliminella

elongata, Bolivina directa, Bulimina alazanensis, and Bulimina striata

mexicana Cushman are associated species (Fig. 48). Group 1l in Figure
39 contains the species which represent this biofacies. It 1s present

in samples from 1305.4m and 1345.8m in the ASP 14 well (Figs. 40,49).



Figure 51

ASP 14 WELL
Q-MODE FACTOR ANALYSIS
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Five axes explain 917 of the variance in the data.
Three axes explain 77% of the variance in the data.
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Enalysis of the ASP 14 well by itself indicates that the sample from
1470.2m  (sample 15) has affinities to Biofacies K (samples 10,11)

{rigs. KE1,52). It is also dominated by Uvigerina auberiana, but to a

lesser extent (Fig. 49). Other important species include

Stilostomella curvatura (Cushman) and Sphaeroidina bullcides d'Orbigny

Biofacies L is characterized by malformed spegimens of

Karrerriella bradyi (Cushman) as well as Melonis barleeanus, and

Trifarina bradyi (Fig. 50). Associated speces include Nodosar:ia

longiscata, Spnaeroidina bulloides, Stilostomella sp. 4,

Globobu_imina auriculata, Epistominella vitrea Parker, Chilostcms_.la

oolina Schwager, Uvigerina auperiana and U. peregrina (Fig. BE0).

Species 1in Groups 1 and 2 in Figure 39 represent this biofacizes. It
is present in samples from 1508.8m, 1509.4m, 151¢.Cm, 1511.0m,
1511.5m, and 1512..im in the ASP 15 well (Figs. 40,50). 2 sample from
147C.9m in the ASP 14 well appears to be associated with this
biofacies (Fig. 40). However, based on lithclogic and paleontologic
characteristics the sample appears to represent a mass flow deposit
and may contain a displaced shallow water fauna. Thus, its placement
may not be significant.

Well developed specimens of Uvigerina spinicostata Cushmar and

Jarvis, Bulimina alazanensis, B. striata mexicana, B. striata

d'Orbignv, and Pseudonodosaria torrida characterize Biofacies M (Fig.

-

; Stilostomella

[

49). Associated species include Stilostomella sp.

curvatura, and Nodosaria longiscata {(Fig. 489). Species in Grougps 5

and 1 in Figure 39 represent this biofacies. It is present in samples

from 1419.1m, 1420.2m, and 1423.2m in the ASP 14 well (Figs. 40,49).
f
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Uvigerina auberiana, Stilostomella curvatura, and Melcnis
barleeanus characterize Biofacies N (Fig. 50} . Acsociated species
include Uvigerina spinicostata, Trifar.na bradyi, Nodesaria

longiscata, and Pullenia bulloides (&'Orbigny) (Fig. 5C). Species in
Groups 1 and 2 in Figure 39 represent this biofacies. It is pressent
in samples from 1529.9m, 1530.9m, 1531.7m, and 1532.2m in the ASP 15
well (Figs. 40,50).

Sphaeroidina bulloides, Uvigerina auberiana and Buiimina

slazanensis characterize Biofacies 0 (Fig. 49). Associatad species

include Stilostomella curvatura, S. sp. cf. S. aculeata Cushman

and Jarvis, and Anomalinoides pseudogrosserugosa T-alsma,

and

et

Martinotiella communis (d'Crbigny), Melonis pompiliocides (Fitche

1011), and Stilostomella subspinosa (Cushman) (Fig. 4%). Species in

Groups 4, %, 3, and 1 in Figure 39 represent this piofacies. Samples
from 1471.5m, 1472.2m, 1472.7m, 1475.2m, and 1475.8m in the ASP 14

well oontain this biofacies (Figs. 40,49). The samples from 1472.7m

and 1475.8m contain greater numbers of Bulimina alarzanensis and

Uvigerina spinicostata than do +the remaining samples and appear tc

nave somewhat distinct groups for this reason (Figse. 40,49).
However, overall faunal similarities Dbetween all these sampies
indicate that they comprise omne biofacies (Fig. 49, Appendices 3,43,

Western North Atlantic Basin

At DSDP Site 563 numerical analysis reveals the presence of a
gradient between the assemblage present in the lower portion of the
well and that present in the upper portion (Figs. B53,54,36,57).
visual analysis of +the data reveals gihat many of the commoniy

occurring species range throughout the well while a smaller number
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TABLE 7

SPECIES

Anomalinoides pseudogrosserugosa
Bolivina huneri
Bolivina tectiformis
Buliminella grata
Bulimina alazanensis
Cibicides bradyi
Cibicidoides havanensis
C. mundulus

C. tuxpamensis
Dentalina sp. A
Eggerella bradyil
Ehrenbergina trigona
Epistominella exigua
Fissurina cf. radiata

F. wiesneri

Gavelinella semicribrata
G. micra
Globocassidulina subglobosa
Gyroidinoides neosoldanii
G. sp. A

G. sp. B

Karreriella bradyi

K. monumentensis
Latacarinina pauperata
Melonis barleeanus

M. pompilioides
Nuttalides umbonifera
Oridorsalis tener tener
0. tener umbonatus
Planulina wuellerstorfi
Pleurostomella sp. A

P. tenuis

Pullenia bulloides

P. quinqueloba/bulloides
P. quinqueloba
Stilostomella aculeata
S. antillea

S. curvatura

S. gracillima

S. subspinosa

Vulvulina spinosa
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LIST OF SPECIES USED IN NUMERICAL ANALYSIS - DSDP SITE 563

ABBREVIATION

Ano.pse.
Bol.hun.
Bol.tec.
Bul.gra.
Bul.ala.
Cib.bra.
Cib.hav.
Cib.mun.
Cib.tux.
Den.sp A
Egg.bra.
Ehr.tri.
Epi.exi.
Fis ¢ ra
Fis.wie.
Gav.sem.
Gav.mic.
Glo.sub.
Gyr.neo.
Gyr sp A
Gyr sp B
Kar.bra.
Kar.mon.
Lat.pau.
Mel.bar.
Mel.pom.
Nut.umb.
Ori.ten.
Ori.umb.
Pla.wue.
Ple sp A
Ple.ten.
Pul.bul.
Pul.q/b.
Pul.qui.
Sti.acu.
Sti.ant.
Sti.cur.
Sti.gra.
Sti.sub.
Vul.spi.
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TABLE 8

LIST OF SAMPLES USED IN NUMERICAL ANALYSIS - DSDP SITE 563

SAMPLE DEPTH (METERS SUB-BOTTOM)
1 166.05
2 166.80
3 175.55
4 185.05
5 185.80
6 186.63
7 187.38
8 188.21
9 189.79
10 194.55
11 195.30
12 196.88
13 198.46
14 200.04
15 201.62
16 202.45
17 203.20
18 204.05
19 204.80
20 205.63
21 210.37
22 213.55
23 216.71
24 219.04
25 222.20
26 223.05
27 224.63
28 229.37
29 230.95
30 232.55
31 236.46
32 238.04
33 239.62
34 241.20
35 242.05
36 244,38
37 245.96
38 248.37
39 249.95
40 251.55
41 252.30
42 255.46
43 256.29
44 257.87
45 261.05
46 266.54
47 267.37

48 270.00



TABLE 8 (continued)

N

LIST OF SAMPLES USED IN NUMERICAL ANALYSIS - DSDP SITE 563

SAMPLE #

49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

DEPTH (METERS SUB-BOTTOM)

277.
280.
.80

280

281.
283.
.37
.55

286
289

291.
292.
294,
.87
296.
.45

295

297

299.
302.
302.
303.
.54

304

92
05

63
21

13
71
29

62

05
21
96
79



103

Figure 53. DSDP SITE 563
Q-MODE FACTOR ANALYSIS

BIOFACIES Q

FACTOR AXIS 2

i
-

1.0

Six axes explain 73% of the variance in the data.
Three axes explain 60% of the variance in the data.
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Distribution of commonly occurring benthic

foraminifera at DSDP Site 5863.

Figure 55.
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characterize either the upper or lower portion of the well {(Fig. 55).

This change appears to occur over an interval of approximately twenty
to twentyfive meters (Fig. 55).

Biofacies P is characterized Dy Buliminella grata Parker and

Bermudez, Oridorsails tener tener (Brady), Pleurostomella tenuis

Hankten, and Pleurostomella sSp. A (Fig. 55). BAssociated species

include Cibicidoides havanensis {Cushman and Bermudez), Gaveiinella

semicribrata (Beckmann), Bolivina tectiformis, and Karrerrislla

chapapotengis monumentensis Mallory (Fig. 55). Species in Groups 1A,

2, 3, and 4 in Figure 56 represent this biofacies. It is present in
sampleg from 304.54m to 245.96m (Figs. 53,55).

Biofacies ] i3 characterized by Planulina wuellerstorfi

(Schwager), Eggerella bradyi {(Cushman), Nuttalides umbonifara

(Cushman), and Epistominella exigua (Brady) (Fig. 5B5). Associated

species inciude Laticarinina pauperata (Parker and Jones;,

Anomalinoides pseudogrosserugosa, Melonis pompilioides, and Fissurina

sp. cf. F. radiata Seguenza (Fig. 55). Species in Group 1 in
Figure 56 represent this Dbiofacies. It is present from 222.20m to
166.05m (Figs. ©53,55).

An assemblage comprised of components of Biofacies Q and P 1is
present between 244.38m and 223.05m (Figs. 53,55). This represents

the upper 1.1. Praeorbulina glomerosa zone through 1.1. Globorotalia

fohsi fonsi Zone.

Numerical analysis of benthic foraminiferal pcpulation data from
Site 334 did not produce meaningful results. Apparently. the
contamination noted in the planktic assemblages is alsc present in the

benthic assemblages. This interpretation is supported by the findings
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Figure 56. R-MODE FACTOR ANALYSIS
DSDP SITE 563

-1 .0
, 36
26
GROUP 4 GROUP 5
30
21e 22 GROUP 2
35 3

38,40,3,41, s 18 _ 25 27
.- 24
1.0 32,!37,39,8%2 ﬂ 13

|
s 17 i », i
i ° 11
29 \g*20 W 1.0
FACTOR Axis 2 GROUP 1 : _12"*10\
23,9,28,7,31) 3
15,16,18,34 6 GROUF 1A

FACTOR AXIS 3
—1.0

Six axes explain 477% of the variance in the data.
Three axes explain 327 of the variance in the data.
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of Poore (1981) who alsc noted that the planktic foraminiferal data at
Site 334 contained much ncise. In addition, the benthic isotope
record of Keigwin and others (ir press) shows little change which may
be due to mixing of the s=2ction. This contrasts with the late Miocene
isotopic record at Site 563 of Miller ané others (1985B) which shows
distinct, corre;atable pattsrns.

L generalized interpretation of the assemblages present at Site
334 can be obtained by ncting +the first downhole occurrence of a
species and the rangs in which it is common using charis such as that
shown in Figure 58. The interval from 129.55m to 141.53m 1is

characterized by Globocassidulina subglobcsa (Brady), Planulina renzi

(Ccushman), Bulimina alazanensis, and Cibicidoides mundulus (Brady,

Parker and Jones) (Fig.  58). BAssociated species include Sphaeroidina

bulloides, OQOridorsalis tener urbonatus (Reuss), and Laticarinina

pauperata (Fig. 58). Zrom 148.65m to 206.30m the species grouping 1is

dominated by Sphaeroidina builoides, Globocassidulina subglobosa,

Planulina wuellerstorfi and Cibicidocides mundulus (Fig. 58).

Associated species include Cipicides pseudoungerianus (Cushman),

Planulina renzi, Pullenia bulloides (d'0Orbigny), and Oridorsalis tener

umbonatus (Fig. 58).
From 225.50m to 253.35m a species grouping similar to that above

is present (Fig. ©58). However. Spnaeroidina bulloides is of reduced

importance (Fig. ©58)-.
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Figure 64.
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PALEOBATHYMETRY AND PALEOECCLOGY

tudies of foraminiferal palececology are based on the concept
that the depth distributions of fossil renthic species were controlled
by the same parameters that govern the d:stribution of Recent benthic
species. Studies have shown tliat properties of the water mass (oxygen
content, PH, salinitv, <emperature, turbidity and others) and
substrate (carbonate, clastic, grain size, light, and others) are the
most important factors controlling the distribution of exXtant species,
factors which in generali vary as & function of depth (Douglas, 1979).
Many of the important species identified in this study are extant
species whose environmental prefersnces are known. By comparing the
relative abundances of a group cf species in a fcssil assemblage  WwWith
their known occurrences in Recent sedimants the paleobathymetric
distribution of the fossil assemblage can be estimated. In addition,
data from previous studies of Miocene benthic foraminifera in the
Maryland and New Jersey coastal plains by Melillo (1982), Bam (1982),
and Schreiber (1984) have been integrated intc a paleoslope model
which is used to estimate the preferred paleobathymetric ranges of
these species (Olsson and others, 1883).

Another approach to the determination of paleobathymetries and
paleocenvironments is to calculate the diversity of an assemblage. The
most commonly used measures are the number of species (S8), the
Shannon-Weiner information function (H(S)) where



when Pp is the proportion of the ith species, and equitability (E)

S
(Gibson and Buzas, 1672). In this study diversity refers to values of

S and H(S) and equitabilityv refers to values of E.

In a study of Recent foraminiferal diversity patterns Gibson and
Buzas (1973) calculated values of S, H(S), and E for a number of
locations aloncg the Atlantic coast including areas off southern New
Jersey and Maryland. In Pogurs 5% it can be observed that H(S)
provides the mest unamgsigucus indication of diversity changes with
depth. This view has also been taken by Sanders (1968) in a study of
benthic invertebrates and by Balsam and others (1580) in a study of
Pleistocene glacial and interglacial planktic foraminiferal
assemblages of the North Atlancic.

B summary of the mean values of §, H(S), and E for each biofacies
is given in Tables 9 and 10. Diversity values for individual samples
are given in Appendix 5.

Baltimore Canvon Trough

Tne sediments associated with Biofacies A are iron-stained silts
and clays with abundant mica and chlorite. Quartz sand is present in
small quantities. Diversity and equitability are extremely low (Table
9) and planktonic foraminifera are absent. & low energy, protected,
palecenvironment, possibly tidal marsh or lagocnal, is interpreted for
Riofacies & (Fig. 60).

Biofacies B contains a low diversity assemblage which exhibits

moderate equitability (Table 9). The litholcgy associated with this

N
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Mean Values of S, H(S), & E for Biofacies from
the Baltimore Canyon Trough

Mean S
3
15
10
11.25
17.5
14.
19
16
23.
23.
15.
24,
19.3
25
47 .4

w

oo w1 0oy

Table 9

Mean H(S)

0.22
1.84
0.71
1.76
2.37
2.12
.62
.20
.18
.55
.37
.83
.53
<47
.09

LN

OO0 DOODOCOCOOOOCOO

Mean

.41
.46
.24
.38
.64
.58
.73
.56
.76
.59
.26
.74
.66
.58
47
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biofacies is an iron-stained Silt with abundant mica and chlorite.
Small specimens of globigerine planktic foraminifera comprise less
than 1% of the assemblage. Most foraminifers exhibit a moderate iron
stain. Similar staining is observed or. foraminifera found in the
vicinity of the present-desy Mississippi delta (C. Pflum, pers.
comm.). A prodel:a paleoenvironment of 25m to 50m is interpreted for
Biofacies B (Fig. £0).

Biofacies C is present in medium to fine grained sands with
common to abundant detrital glauconite and sheill fragments. Diversity
and equitability are low (Table ©). Plank:tic foraminfera are absent.
A nearshore inner-neritic paleoenvironment of 25m, or less, is
interpreted for Biofacies ¢ (Fig. s&0).

Biofacies D is bPresent in =ilts ana 5ilty fine graineg guartz
sands. Diversity ang equitability are moderate (Table 9). Planktic
foraminifera, mainly juveniles, comprise 2% to 30% of the assemblage.
An inner to mid-neritic paleoenvironment of 30m to 90m is interpreted
for Biofacies D (Fig. 60).

Biofacies E 1is present in silty, fine grained sand, containing
abundant detrital glauconite and OccCasional shell fragments.
Diversity and equitability are moderate (Table 9). Planktonic
foraminifera constitute 5%, or less, of the assemblage. 2 mid—-neritic
paleocenvironment of 60m to 90m is interpreted for Biofacies E (Fig.
60).

Biofacies F contains a moderately diverse ang equitable

assemblage (Table 9). Planktic species comprise 3% to 11% of the
assemblage. This biofacies is present in fine to medium Jquartz sands
with common to abundant detrital Glauconite. A mid-neritic




117

paleoenvironment of E5Om to 100m is interpreted for Biofacies F (Fig.
80).

Biofacies G contains an  assemblage with moderate to high
diversity and equitability (Table 3). Planktic foraminifera comprise
26% of the assembiage. This biofacies is Present in a lithology cof
slightly sandy clays. A nmid-neritic paleocenvironment of 50m to 120m
is interpreted for Bicfacies & Fic. &0).

Biofacies H is Present in sandy silts that contain small amounts
of detrital glauvconite, The assemblage»%as,moderate diversity and
equitability (Table 9). Planktic foraminifera comprise 8% of the
assemblage, A mid-neri=ic paleoenvironment of &0m to 110m is
interpreted for Biofacies I {Fig. €0).

Biofacies I is pPresent in a lithology of sandy silts and silty
sands. Most foraminifers have an iron staining. Diversity is low to
moderate, equitability is relatively high (Table 9). Planktic
foraminifera comprise 31% of the assenmnblage. & middle to outer
neritic paleoenvironment of 75m to 150m is interpreted for Biofacies I
(Fig. &0).

Biofacies J is present in a lithology of sandy silts. Most
foraminifers have a light to moderate iron staining. Diversity and
eguitability are moderate to high (Table g). Planktic foraminfera
comprise 10% of the assemolage. An outer neritic palecenvironment of
100m to 200m is interpreted for Eiofacies J (Fig. 60).

Biofacies K is present in unstained silts intercalated with iron
stained silts which contain abundant mica and chlorite, Many
foraminfers have a light iron stain, especially in the sample from

1305.4m in the ASP 14 well. Diversity and equitability are low {Table




9). Planktic foramirifera comprise 30% of the assemplage.
Radiolarians and diatoms are common. An outer neritic, delta
associated, palecenvironmen:t of 100m to 200m is interpreted for
Biofacies K (Fig. 60). The sample from 1470.2m in the ASP 14 well is
present in a giauconitic silt. Diversity and equitability are high
(Table 9). Plarktic foraminiFera comprise 63% of the assemblage, and
diatoms and radiolarians are abundant. It is interpreted to represent
deposition in a nen-deltaic, upper bathyal paleoenvironment of 200m to
500m.

Biofacies L 1is éresent in slightly sandy silts and clays.
Diversity and equitability are moderate to high (Table 9). Planktic
foraminifera comprise 47% of the assemblage. Most foraminifera are
unstained. Radiolarians and diatoms are common to very abundant. &
delta associated, upper to middie bathyal palecenvironment of 300m to
500m is interpreted for EBiofacies L (Fig. 60). The sample from

1508.8m in the ASP 15 wel: ¢contains the costate uvigerinids Uvigerina

jo))

mediterranea ana u. irupta and may represent deposition in a

slightly shallower, upper bathyal, palecenvironment of 200m to 300m.

Biofacies M is present in unstained silts. Diversity ang
equitability are moderate (Table ). Planktic foraminifera comprise
40% of the assemblage. Many foraminifers have an iron stain.
Radiolarians and diatoms are abundant. A delta associated upper to
middle bathyal paleocenvironment of 500m to 700m is interpreted for for
Biofacies ¥ (Fig. 60).

Biofacies N 1is present in glaucontic silts. Diversity ang
eéquitability are mcderate (Table 9). Planktic foraminifera comprise

60% of the assemblage. Diatoms and radiolarians are abundant. An
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upper middle bathyal Palecenvironment of 600m to 800m is interpreted
for Biofacies N (Fig. 60).

Biofacies 0 is Present in glauconitic silts. Diversity ang
equitability are moderate to high (Table 9). Planktic foraminifera
comprise 53% of the dssemblage. Radiolarians ang diatoms are very
abundant. A lower to middle bathyal pPalecenvironment of 700m to S00m
is interpreteqd for Biofacies 0 (Fig. 60).

In the B-3 well seven species groupings are identified using the
technique described above, five of which have affinities to biofacies
identified from Core samples in the ASP and AMCOR wells. The
remaining two are designated Assemblages 1 ang 2, not Biofacies, since
they are not idenéified using numerical analysis.

A species grouping characterized by Uvigerina auberiana,

Lenticuling americana, L. americana spinosa (Cushman), ang rare

specimens of Bulimina alazanensis is Present from 1158.3m to 1176.6m.

This species grouping is similar to Biofacies I which is considered to
represent an outer neritic Palecenvironment of 120m to 150m (Fig. 61).
From 1176.6m to 1204.0m a Species grouping dominated by Buliminella
elongata is present. Specimens of thisg taxon from 1213.2m to 1258.8m
are probably caved (Fig. 6l1). Cther Characteristic Species include

Melonis barleeanus ang Cibicides Sp. cf. €. pseudoungerianus (Fig.

61). This species grouping has affinities to Biofacies E andg is also
interpreted to represent a mid-neritic pPaleoenvironment of 60m to 90m
(Fig. 61).

Rare, well developed, specimens of Uvigerina Spinicostata are first

Present at 1213.2m (Fig. 61). Bulimina alazanensis is the dominant

Species from 1268.0m to 1322.9m and is an important component of the
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assemblage to 1396.1m (Fig. €6l1). Other importanrt speciss includes

Meionis barleeanus, Cibicides sSp. cf. C. pseudoungerianus,

Stilostomella sp. A, Nodosaria longiscata, Martinotiella communis, and

Bulimineila elongata (probably caved) (Fig. 61). Tnis species grouping

is similar to Biofacies N and appears to represent deposition in a

siightly shallower, middle bathyval, palecenvironment of 400m to 700m

{(Fig. B1).
Very rar=z specimens of Melonis pompiliocides and Karrerriella bradyi
first occur at 1322.89m (Fig. 6l). Stilostomella aculeata and S.

subspinosa are first present at 1341.2m (Fig. 61). This species
grouping i3 similar to Biofacies N and © and is interpreted tc represent
a middle to lower bathyal palecenvironment of 600m to S0Cm.

Martinotiella communis is the dominant species at 1368.6mn, whils

M. occidentalis (Cushman) first appears at this level (Fig. 61). At

1386.8m a species grouping which includes Bolivina antiqua, B.

spathulata (Williamson), and a group of polymorphinids first appsars

{Fig. 61;. Lenticulina rotulata (Lamarck)? and L. peregrina

(Schwager) rzappear at this level {({Fig. 61). Most of the deeper
water specie: of the grouping above are absent, or, are present in
reduced numbers, suggesting caving (Fig. 61). This species grouping
ig present te 1396.1m and does not have an obvious relationship to any

of the hiofacies delineated above. An outer neritic to uprer bathyal

[

bpalecenvironment of 200m to 400m is interpreted for Agssemblage
(Figs. 61,62).

Globulina inaequalis Reuss and Lenticulina torrida {Cushman) are

first present at 1405.1m (Fig. 61). Uvigerina auber:iana and a U

flintii Cushman are important members of the assempblage {Fig. El}.
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Bolivina alata Seguenza first appears at 1414.3m (Fig. 61). This

species dJrouping appears to be related tc Biofacies ¥ and represents an
outer neritic to upper bathyal paleocenvironment of 15Cm <o 250m (Fig.
€1l).

At 1432.6m Bulimina marginata and B. notovata (Chapman) appear for

the first time (Fig. £1). Sphaeroidina bulloides, Melonis barleeanus,

and Uvigerina auberiana increase in abundance (Fig. 61). An outer

neritic paleoenvironment of 100m to 200m is interpreted for Assemblage 2
which is present from 1432.6m to 1453.9m (Figs. 61,62).

Western North Atlantic Basin

Biofacies P 1is present in a pelagic carbonate 5oZe in which
dissolution ranges from eolytic to cligolytic. Diversitv is moderate
and equitability is high (Table 10). Planktic foramin:ifera comprise
approximately 99% of the foraminiferal assemblage. The backtracking
technique of Berger (1973) indicates that Biofacies P represents
deposition in an abyssal paleoenvironment of apprcximately 3100m  to

3550m (Fig. 63). Buliminella gratzs, OQOridorsalis tener tener,

Pleurostomella tenuis, and Pleurostomella sSp. A are the dominant

species (Fig. 56). ©Oridorsalis tener umbonatus and Globocassidulina

subgiobosa are also important members of this assemblage (Fig. 56).
Biofacies Q is also present in a pelagic calcare=ous coze.
Howevar, dissclution is greater, ranging from occasionalv egplytic to
mesolytic. Planktic foraminifera comprise 98-99% of the foraminiferai
assembiage. Diversity and egquitability are modsrate to nigh (Table
10). Backtracking indicates deposition in an abyssal paleocenvironment
of approximately 3550m to 3750m for Biofacies ¢ (Fig. 63). The

dominant species are Planulina wuellerstorfi, Eggerella bradyvi,
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Nuttalides umbonifera, and Epistominella exigua (Fig. 56).

Globocassidulina subglobosa and Cridorsalis tener umbonatus are less

abundant (Fig. B56).

The species groupings noted at Site 334 are present in
nannofossil~foraminiferai oozes (Aumentc and others, 1977). Planktic
foraminifera comprise approximately 98-99% of the foraminiferal
assemblage. Diversity and equitability are high 1in Assemblage 3
(Table 11). Dissolution ranges from eolytic to cligolytic.
Backtracking yields lower bathyal to abyssal paleodepths of
approximately 1850m to 2000m (Fig. 64).

Assemblage 4 has high diversity and eguitability (Table 11).
Dissolution ranges from occasionally eolytic to cecligolytic.
Backtracking indicates that it was deposited in an abvssal
paleoenvironment of 2000m to 2400m (Fig. 64}.

Assemblage 5 contains high diversity and eguitability (Table 11).
Dissolution ranges from cligelytic to mesolytic. Backtracking
indicates that deposition occurred in an abyssal palecenvironment of

2400m to 2650m (Fig. 64).



Table 11

Mean Values of S, B(S), and E of benthic foraminiferal
assemblages at DSDP Site 334

S H(S) E
Assemblage
3 35.75 3.29 0.69
4 34.38 3.12 0.67

5 36.60 3.23 0.71
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DEPOSITIONAL ENVIRONMENTS AND SEA-LEVEL HISTORY

Neogene sediments in the Baltimore Canyon Trough off New Jersey
consist primarily of terrigenous sands, silts, and clays (Poag, 1879).
A major deltaic complex underlies the present-day continental shelf
and upper-middle continental slope (Kathaway and others, 197%9; Poag,
1979, 1980; Schlee, 1981; Creenlee, 1281). Deltaic conditions appear
to have begun after the late early Miocene and to have ceased by the
late Pliocene. In the Western North Atlantic Basin at Site 563 the
main factors causing changes in depositional conditions are changes in
the makeup of bottom water in the middle and late Miocene and changes
in the intensity of ;arbonate dissolution, which is often related to
bottom-water changes. Increases in paleo~water depth due to thermal
subsidence do not appear to be an important initiator of
paleoenvironmenﬁal change during the Late Oligocene to Pliocene at
Sites 563 and 334.

The foraminiferal oxygen isotopic record at Site 563 can be used
to document periods of climatic change which can be compared with the
stratigraphic and palecenvironmental record of the Baltimore Canyon
Trough and coastal plain of Maryland and New Jersey. The &6*80
content of foraminiferal tests is related to temperature and seawater
8150 content (Epstein and others, 1951, 1953; Emiliani, 1955; and
others). Covariance Dbetween the planktic and benthic foraminiferal
§180 record has been shown by Shackleton and Opdyke (1973) to be an
indicator of Quaternary glacial ice-volume. Miller and others (1985Z)

believe that &'°0 values in Cibicidoides greater than 1.9 per mil

indicate the presence of glacial ice. Pitman {1978) has shown that,



except for catastrophic flooding or draining of small basins, only the
buildup and melting of glacial ice occurs on a sufficiently rapid
scale to account for the rapid changes of sea-level 1in the Neogene
observed in the stratigraphic record. Thus, covariant planktic and

benthic 8§:¢0 increases, coincident with 680 values in Cibicidoides

greater than 1.9 per mil, should be associated with eustatic sea-level
falls.

An upper Oligocene (Globigerina ciperoensis Zone) decrease in

paleobathymetry is recorded in the AMCOR’SOll well where a change from
middle neritic to nearshore ccnditions is evident (Fig. 65). The
curve of Vail and others (1980) shows a coastal offlap event and sea-
level fall corresponding to the upper portion of the zone (Fig. 66).
This interval is conformable at Site 563 where a pronounced increase
in 6*°®0 values occurs in the planktic and benthic foraminiferal

records (Fig. 67: Miller and others, 1985B). The covariance is

0.4~0.9 per mil and Cibicidoides values are 1.9~2.0 per mil (Miller

and Fairbanks, 1985). This represents a sea-level drop of 40-90m
(Fairbanks and Matthews, 1978). Miller and others (198524) believe
that an increase 1in glacial ice volume at this time was responsible
for a 1low stand of sea-level which resulted 1in erosion on the
continental margins of New Jersey and Ireland (Goban Spur). The upper
QOligocene decrease in paleobathmetry present in the AMCOR 6011 well in
the Baltimore Canyon Trough possibly supports this hypothesis.

& hiatus, which may be related to a sea-level fall, also appears

to be present at the top of the Globorotalia kugleri Zone in the COST

B-3. However, the thinness of this zone in the COST B-3 well does not

allow reccgnition of paleobathymetric changes.
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DEPOSITIONAL ENVIRONMENTS IN THE BALTIMORE CANYON TROUGH
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Figure 67. OXYGEN ISOTOPE RECORD AT DSDP SITE 563
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In the m.1l. Catapsydrax dissimilis Zone middle neritic

foraminiferal assemblages in the COST B-3 well give way rapidly to
outer neritic and upper bathyal assemblages (Fig. 65). In the ASP 15
well, upper bathyal assemblages gave way to middle bathyal assemblages
(Fig. 65).

A sharp decrease in §*°C values, which may be associated with
the rapid increase in paleobathymetry seen in the COST B-3, well
occurs in the planktic and benthic reccrds in the lower portion of the

m.l. Catapsydrax dissimilis Zone at Site 563 (Figs. 65,67) .

Following this an overall decrease in 6*80 wvalues occurs in the

planktic foraminiferal records which corresponds to a rise in sea-
level proposed by vVail and others (1980) and is noted in the Baltimore
Canyon Trough in this study and in the Maryland cecastal plain by
Schreiber (1984) (Figs. 65-67). The presence of abundant glauconite
in the ASP 15 and COST B-3 wells suggests transgressive conditions
(Arthur and Jenkyns, 1981) and may indicate that this interval is a
condensed interval (vail and Todd, 1981), thus supporting the
interpretation of a highstand of sea-level at this time. The

abundance of the cooler-water species Globorotalia incognita and G.

zealandica as well as siliceous microfossils in these wells suggest
the upwelling of cold, nutrient rich bottom waters, which Arthur and
Jenkyns (1981) associate with highstands of sea-level. In additicn,

the presence of the abyssal benthic foraminifer Melonis pompilioides

may be due to the raising of isotherms as a result of such upwelling.
The paucity of G. incognita and G. zealandica at Site 563, which is
located only 5.5 to 6 south of the Maryland-New Jersey area,

suggests that the introduction of these predominantly middle 1latitude



135

taxa into the latter area may have been the result of current
activity, not a basin-wide cooling event.
Sea~level continued to rise, reaching a maximum during deposition

of the 1lower portion of the 1.1. Globigerinatella insueta Zone

{approximately equal to the m.l. Globorotalia miozea Zone) when

middle-lower bathyal conditions existed at the COST B-3 well (Fig.
65). In the AMCOR 6011 well a change from sands to deep-water silts
occurs in this zone, in agreement with the record of the continental
slope (Fig. 65). The presence of deep-water silts suggests that
deltaic deposition did not commence in present-day nearshore -areas
until after the late early Mioccene (Fig. €5). A decrease in
paleobathymetry occurs in the COST B-3 we;l in the upper portion of

the Globigerinatella insueta Zone with middle Dbathyal conditions

changing to upper-middle bathyal conditions (Fig. 65). 1In the ASP 14

well sediments of upper Globigerinatella insueta Zone were deposited

in a middle bathyal paleoenvironment of decreasing water depth. They
are unconformably overlain by outer neritic-upper bathyal sediments in

the Globorotalia peripheroronda Zone (Fig. 65). This hiatus is also

inferred to be present in the nearby COST B-3 well where it is marked
by an abrupt decrease in paleobathymetry from upper-middle bathyal to
middle~outer neritic conditions (Fig. 65). The record in the COST
B~3 well differs slightly from that of the Maryland coastal plain
where Schreiber (1984) reports a sea~-level fall commencing at the

boundary between the 1.1. Globigerinatella insueta Zone and 1.1.

Praeorbulina glomerosa Zone. Based on the more complete

biostratigraphic data in the COST B-3 well it appears that the sea-

level fall occurred earlier, in the upper Globigerinatella insueta




zZone (Fig. 65).

The Catapsydrax stainforthi and Globigerinatella insueta Zones

are absent at Site 563, due to a hiatus possibly caused by increased
corrosiveness of bottom waters. Savin and others (1881) in a review
of benthic foraminiferal &§!®0 studies in the Pacific noted what they

termed "regionwide, possibly worldwide" peak 8'80 values which they

correlated with the upper G. insueta Zone. The curve of Vail and
others (1980) shows a stillstand of sea-level corresponding to this
interval (Fig. 66). However, the paleobathymetric record in the COST
B-3 well in the Baltimore Canyon Trough suggests a fall of sea-level
(Fig. 65).

The lower Miocene Praeorbulina glomerosa Zone is absent from the

ASP 14 well, and, presumably, from the COST BR-3 well (Figs.
18,21,65). Sediments within this zone in the Maryland coastal plain
are regressive (Schreiber, 1984). The curve of Vail and others (1980)

shows a sea—-level fall corresponding to the Praeorbulina glomerosa

Zone (Fig. 66).

The lower middle Miocene (l1.1. Globorotalia peripheroronda Zone)

sediments in the COST B-3 and ASP 14 wells were deposited in a
shallower palecenvironment than those of the 1lower Miocene

(Globigerinatella insueta Zone, Fig. 65). This is in agreement with

the record of the coastal plain of Maryland {Schreiber, 1984).
Paleobathymetry increases from middle neritic to outer neritic in the

undifferentiated G. peripheroronda-middle G. fohsi fohsi Zcne (Fig.

65). The curve of Vail and others (1980) shows that a rapid sea-level

rise which is they correlate with the lower G. peripheroronda Zone 1is

followed by a slower rise which they correlate with the upper G.
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peripheroronda zZone/lower G. fohsi fohsi Zone (Fig. 66). The curve

also shows &a rapid rise of sea-level which they correlate with the

upper G. fohsi fohsi Zone (Fig. 66).

Savin and others (1975), Shackleton and Kennett (1975), and
Woodruff and others (1981) noted a major increase in &§*f0 values in
the middle Miocene which they interpreted to have resulted from the
initiation of major glaciation in Antarctica. Woodruff and others
show that the 6*°C enrichment occurs in the lower to middle part of
the G. fohsi fohsi Zone. At Site 563 a major increase in §6*¢0
values in Dboth the planktic and benthic foraminiferal records also

occurs in the G. fohsi fohsi Zone (Fig. 67). Cibicidoides 62°0

values are generally 1.9-2.4 per mil during the remainder of the
Miocene (Miller and others, 1985B), suggesting the presence of glacial
ice. In the Maryland coastal plain the G. fohsi fohsi Zone 1is only
partially developed and is unconformably overlain by the upper Miocene
Choptank Formation (Melillo and Olsson, 1981; Melillo, 1982; Bam,
1982; Schreiber, 1584).

At Site 563 the G. fohsi fohsi Zone 6*°C enrichment shift

occurs during a change in the benthic foraminiferal fauna. This is in
agreement with studies by Thomas (in press) and Woodruff (in press).

Biofacies P, which is characterized by Buliminella grata, Oridorsalis

tener tener, Pleurostomella tenuis, and P. sp. A, 1is replaced by

Biofacies ©Q, which is characterized Dby Planulina wuellerstorfi,

Eggerella bradyi, Nuttalides umbonifera, &and Epistominella exXigua.

The cause of +this apparently gradual replacement of Biofacies P by
Biofacies ¢ is unclear, but Miller {(pers. comm.) believes that it is

associated with the introduction of younger, non—-corrosive, bottom
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waters into the Eastern North Atlantic and an increase in carbonate
sedimentation in the North Atlantic in the early middle Miocene

(Praeorbulina glomerosa Zone).

The middle Miocene dark olive-gray, micaceous, clayey,
iron-stained silts in the ASP 14 well above 1466.2m suggest the
presence of deltaic conditions, thus, indicating that deltaic
conditions did not reach the present-day continental slope until after
the early middle Miocene (Fig. 65).

A middle Miocene (G. fohsi 1lobata/robusta Zone) sea-level

highstand is evident by the presence of bathyal deposits in the ASP 14
and ASP 15 wells (Fig. 65). This highstand is also evident 1in the
COST B-3 well and, thus, this middle Miocene sea-level event would
appear well documented in the Western North Atlantic margin (Fig.
65).

At Site 563 a decrease in planktic and benthic §6°*f0 values

occurs in the middle part of the G. fohsi lobata/robusta Zone,

although it 1is not well constrained (Fig. 67). This may indicate a
global warming event and a decrease in ice volume, which would result
in a rise of sea-level. The curve of Vail and others (1980) shows
that the greatest highstand of sea-level in the Miocene occurred at
the end of the zone (Fig. 66). However, the §*®0 enrichment peak at
Site 563 occurs near the middle of this zone which suggests that the
culmination of the highstand may have Dbeen an earlier event (Fig.
67).

In the ASP 14 well in the middle Miocene (above the G. fohsi

lobata/robusta Zone) the section is dominantly deltaic or pro-deltaic

suggesting the cessation of the marine incursion correlated with the
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G. fohsi lobata/robusta Zone (Fig. 65).

Benthic 6'¢0 wvalues drop to 1.6 per mil in the G. mayeri Zone
(Miller and others, 1985B, Fig. &7) suggesting decreased amounts of
glacial ice. This event appears to correspond to a decrease in
benthic foraminiferal 6*®0 values in the Pacific noted by Savin and
others (1981) and by Burckle (1982) and to a highstand of sea-level
shown in the curve of Vail and others (1980) (Fig. 66). Sediments of
this =zone and of the 1latest Middle Miocene G. menardii Zone are
absent from the Maryland-New Jersey coastal plain. In the Baltimore
Canyon Trough off New Jersey these sediments are either absent, not
recovered, or are deltaic in nature and thus cannot be age dated using
planktic foraminifera.

Deltaic ‘conditions existed during deposition of most of the late
Miocene at the ASP 14 well (Fig. 65). BAn increase in the thickness
of the late Miocene section in the ASP 13 well reflects an increase
upslope in the thickness of the delta which was also noted from
geophysical data by Greenlee (1681). Marine deposits in the ASP 13

and ASP 14 wells which are contained within the Neoglobogquadrina

continuosa Zone (Tortonian) may correspond to a marine sand in the
Jobs Point well and to the Tortonian Choptank and St. Marys
Formations of Maryland, The presence of bathyal deposits in the

uppermost Miocene (Globorotalia conomiozea Zone) in the ASP 15 well

suggest that deltaic conditions had come to an end at this well site
(Fig. 65). Data from the AMCOR 600SEB and AMCOR 6010 wells suggest
that deltaic conditions lasted here until +the late Pliocene

(Globorotalia inflata Zone to G. tosaensis Zone) (Fig. 65).

Hathaway and others (1979) believe that deltaic conditions persisted
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off New Jersey, Delaware, and Maryland well intc the Pleistocene.

The late Miocene at 8Site 563 is characterized by a return to
bottom water conditions which were present prior to the latest middle
Miocene warming (Fig. 67). This is corroborated by the benthic
foraminiferal §*°C record (Miller and others, in press).

At Site 334 only relatively minor changes in the composition of
the benthic foraminiferal fauna occur in the upper Miocene-lower

Pliocene (Fig. 58). 1In the Neoglobogquadrina continuosa Zone through

the Globigerina nepenthes zone the co-dominant species are

Sphaeroidina bulloides and Globocassidulina subglobosa (Fig. 58).

Sphaeroidina bulloides decreases sharply in abundance in the uppermost

Miocene (Messinian) and the lower Pliocene where Globocassidulina

subglobosa becomes the dominant species (Fig. 58). The faunal change
noted may be correlated with the well-known Messinian climatic

deterioration.



PLANKTIC FORAMINIFERAL PALEOBIOGEOGRAPHY

Patterrs in the temporal distribution of species of planktic
foraminifera which characterize distinct climatic conditions should
reflect changes in the paleoceanographic conditions in & given area.
Olsson (168Z) in a review of published and unpublished d&ata on the
paleobiogeograplbic distribution of Cenczoic planktic foraminifera
recognizes a number of species which are indicators of specific
climatic conditions (Figs. 68~70) . In this study, palesoclimatic
interpretations pased on changes in the abundance of key indicatcr

species, particularly Globorotalia miozea, are compared with the &°°0

record of Site 563. Globorotalia miozea was chosen for closer study

because it is a member of the subgenus Globoconella, which has been
shown by Kennett and Srinivasan (1981) and Kennett (1388Z) to have
evolved in middle latitude regions in the Neogene. Thus, its presence
in lower latitudes should indicate the incursion of cocler surrace
waters. This is the first study in which the abundances of 5. miozea
are compared with the 6*°0 record in the Western North Atlantic
Basin.

The planktic foraminiferal oOXygen isotope record of Site 563
(Fig. 57) is sparse in the upper middle to upper Miocene due to

carbonate d-ossolution of the species Globogquadrina altispira altispira

used in the analyses. Glopogquadrina altispira altispira was chosen

for isotopic analyses because its §1¢0 composition is approximately

the same as that of Globigerinoides sacculifer (Brady) {(Vircent and

thers, in press), a species known to live in the upper porticn of the

[ %8
Uz

water column (Be and Tolderlund, 1971; Be, 1877). In addition, it
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Figure 70
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often present in samples which lack &. sacculifer as a result of
carbonate dissolution.

In the upper Oligocene-lower Miocene at Site 563 prior to the
appearance of G. miczea an overall warming trend is inferred from the

§+80 data (Fig. 67). Within this interval <ropical tc warm

sub-tropical species such as Globeguadrina venezuelana, Globorotalia

mayeri, and Globigerinoides subguadratus are common (Appendix 2). The

largely tropical species Globoguadrina tripartica is also present,

except in the uppermost Oligocene where the §1#C data suggest cooler
conditions (Fig. 67; Appendix 2). It is also absent 1in the upper

Globorotalia kugleri Zone where & poorly constrained cooling event may

be present (Fig. 67; Appendix 2).

The Miocene interval at Site 563 where G. miozea2 is present 1is
divided into four "intervals®, based on changes in overall 6§20
trends, through which least-squares-f:t ragression lines are plotted
(Fig. 71). Regression lines are also plotted for the abundances of
G. miozea (Fig. 71).

Portions of the 80 curve in Figure 71 which indicate overall
cooling and portions of the G. miozea curvs which indicate overall
increases in abundance are expressed by a least~squares-fit line with
a negative slope. Similarly, least~squares—-fit 1inés with positive
slopes indicate overall warming and a decresse in the abundance of G.
mioczea.

It can be observed that there ic a good ccrrelation between
planktic foraminiferal §+20 values and abundances of §. miozea (Fig.
71). In general, increases 1in §+e0 are matched by increases in the

abundance of G. mioczea.
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During interval 1 the §*°0 recordé of planktic foraminifera has a
positive slope, while ©Dbenthic values change little (Fig. 71, Table
12; Miller and others, 1¢85B). Using Pleistocene convention
(Shackleton and Opdyke, 1973) this indicates a general surface-water
warming trend (Fig. 71; Table 12). The G. miozea record alsc has a
positive slope, indicating a decrease in abundance (Fig. 71; Table
12). Thus, the §'¢0 recorcd and the abundances of G. miozea, as well
as other selected planktic fcraminifera, suggest that following a
latest Oligocene cooling, Sitz 563 exXperienced a general increase of
surface temperatures during the earlv Miocene. & slight cooling may
be present in the earliest Miocene upper G. kugleri Zone (Fig. &£7).

A1l records have negative siopes during interval 2, indicating a
general cooling trend (Fig. 71; Table 12). Covariance of benthic and
planktic 62°0 values is less than 0.4 per mil, while G. altisgira

altispira shows an increase of approximately 1.0 per mil (Fig. 71).

41l

Using the Pleistocene convention, this indicates approximately 0.6 per
mil of surface water =ooling (approximately 3 c). Although the
records of &6'®0 wvalues and the abundance of G. miozea are poorly
constrained in intervals 3 and 4 the matchup is still good (Fig. 71
Table 12). In interval 3 all records have a positive slope,
suggesting an coverall warming trend (Fig. 71;:; Table 12). The 8§80
record in interval 4 has a negative slope, suggesting an overall
cocling, although no change occurs in the abundance of G. miozea (Fig.
71; Table 12}.

Above interval 4 dissolution is too great in most samples to
allow overall paleoclimatic interpretaticns to be made based on the

abundances of G. miozea. However, dissolution is low enough in three
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samples to permit paleoclimatic interpretations to be made of

planktic foraminferal fauna of each. At 201.62m in the lower part

149

the

of

the G. mayeri Zone the abundance of G. miozea is low, suggesting

warm conditions (Appendix 2). In the 1lower part of the

N.

continuosa Zone at 185.63m an abundance of G. miozea suggests much

cooler conditions (Appendix 2). Decreased numbers of this species

slightly higher in the zone, at 185.05m, suggest warmer conditiomns

(Appendix 2). Eowever, many of the late Miocene forms referred to
miozea appear to be gradaticnal with G. menardii and, thus, may
have the same paleoceanograpnic significance as earlier forms of

miozea.

G.

not

G.
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CONCLUSIONS

1) A decrease in paleobathymetry in the upper Oligocene (Globigerina

cipercensis Zone) in the AMCOR 6011 well may Dbe associated with an

uppermost Oligocene {upper Globigerina cipercensis Zone) increase in

planktic and benthic §*°0 values at Site 563. The &:°0 shift
coincides with an uppermost Qligocene coasta offlap event and
sea~level fall shown in the curve of Vail and others (1980).

2) Sea-level rose in the ASP 15 and B-3 wells in the early Miocene

(Catapsvdrax dissimilis Zone through Globigerinatella insueta Zone).

This agrees with the curve of Vail and others (1980) which shows a
coastal onlap event and sea-level rise during this interval. 2t Site
563 this period is marked by an decrease in planktic and benthic 6:80

values.

3) An early Miocene (upper G. insueta Zone) sea-level fall is evident
in the ASP 14 and COST B-3 wells. The curve of Vvail and others (1980)
shows a coastal offlap event and sea-level fall corresponding to the

base of the Praeorbulina glomercsa Zone. The results of this study

suggest that either an additional sequence 1s present in the early
Miocene (upper G. insueta Zene) or that the sedquence identified by
Vail and others (1980) may have Dbegun earlier, in the upper

Globigerinatella insueta Zone. The G. insueta and Catapsydrax

stainforthi Zones are missing at Site 563, probably due to increased
corrosiveness Of bottom-waters.

4) In the COST B-3 well the undifferentiated Gloporctalia fohsi

peripheroronda/ middle G. fohsi fohsi Zones 1lie uncenformably above

the Gleobigerinatella insueta 2Zone with the younger sediments having
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been deposited in a shallower palecenvironment, in agreement with the
curve of Vail and others (1980). The general rise in sea-level in the

Globorotalia fohsi peripheroronda Zone and lower Globorctalia fohsi

fonsi Zone shown in the curve of Vail anéd others (1880) is in
agreement with the record in the COST B-3 well.

5) Deltaic conditions do not appear to have commenced in the vicinity
of the present-day inner to middle continental shelf prior to the

early Miocene (Globigerinatella insueta Zone2) and appear to have ended

by the 1late Pliocene (Globorotalia inflata Zone to G. tosaensis

Zone).
£) TDeltaic conditions do not appear to have ccmmenced in the vicinity
of the present day mid-upper continental slope prior to the middle

Miccene (Globorotalia fohsi peripheroronds Zone) and appear to have

ended prior to the latest Miocene (Globorotalia conomiozez Zone).

Deltaic deposition was interrupted in the upper middle Miocene (§;

fonsi lobata/robusta Zone) in the ASP 14 and 15, and COST B-3 wells.

At Site 563 an increase in planktic and Dbenthic §*°®0 wvalues
zorresponding to the middle of +this 2zone suggest a reduction in
glacial ice and a rise of sea-level. This is in agreement with the
curve of Vail and others (1980).

7) Miocene deep-sea hiatuses are present &% Szte 553 in the

Catapsydrax stainforthi/Globigerinatella insueta zones and

Globorotalia fohsi peripheroronda Zone. Ho hiatuses appear to be

present at Site 334.

£} Changes in the abundance of Globorotalia miozea are inversely

related to changes in surface-water paleotemperatures inferred from

planktic 6*°0C data.
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9) A major increase in benthic §:%0 values in the middle Miocene

{Globorotalia fohsi fohsi Zone) does not appear tc be the cause of a

change 1in the benthic foraminiferal fauna which takes place prior to,

and after, the increase.
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APPENDIX 1 (continued)

ASP Wells (core/meters from top of core).
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5/1.43
5/2.9

5/3.2%9
5/3.69
5/4.51
6/0.43
6/1.07
6/1.74

12/1.46
12/1.77
12/2.5

12/2.68
12/3.26
13/1.22
13/1.52
13/1.55
13/2.06
13/2.41
13/2.67
13/2.74
14/0.12
14/0.76
14/1.07
14/1.22
14/1.55
14/1.83
14/2.1

15/0.3

15/0.91

6/2.38
7/0.52
7/1.43
7/2.44
7/3.66
7/4.15
7/4.27
8/0.06
8/0.64
8/1.52
8/3.14
8/3.78
8/4.54
9/0.49
9/1.34
9/1.74
9/2.77
9/3.29
9/3.93
9/4.3

13

15/1.22
15/2.5%
15/3.29
15/3.38
15/3.66
15/4.33
16/0.03
16/0.49
16/0.88
16/1.49
16/2.13
16/2.74
16/3.32
17/0.3

17/0.76
17/1.52
17/2.77
17/3.17
17/3.81
17/4.27
17/4.57

9/4.6
10/1.1
10/1.65
10/2.5
10/3.11
10/3.72
10/4.33
10/4.6
11/0.03
11/0.61
11/1.25
11/2.44
11/3.75
12/0.27
12/0.91
12/1.49
12/2.9
12/3.9
12/4.33
12/4.63

18/0
18/0
18/1
18/2
18/3
18/3
18/4
19/0
19/0
19/1
19/2
19/3
19/4
19/4
20/0
20/1
20/2
20/2
20/3

13/0
13/0
13/1
13/1
13/2
13/3
13/3
13/4
16/0
16/1
16/1
16/2
18/0
18/0
18/1
18/2
18/2
19/0C
13/0

.3

.88
.4

.68
.17
.87
.51
.3

.79
-4

.47
.38
.02
-45
.67
.16
.23
71
.23

.3

.82
.34
.89
.68
.32
.87
.6

.49
.22
.83
.62
.15
.85
.46
.07
.65
.24
.85
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3/0.06
3/0.91
3/1.52
3/2.13

APPENDIX 1 (continued)

4/0.09
4/0.58
4/1.22
4/2.53

4/3.72
4/4.21
4/4.51
5/0.09

5/1.07
5/1.89
5/2.44
7/0.3

DSDP Sites (core/section/centimeters from top of section)

2/1/5-8
2/1/80-84
3/1/5-9
4/1/5-9
4/1/80~84
4/2/5-9
4/2/80-84
4/3/5-9
4/4/5-9
5/1/5-9
5/1/80~84
5/2/80-84
5/3/80-84
5/4/80-84
5/5/80-84
5/6/5-9
5/6/80-84
6/1/5-9
£/1/80-84
6/2/5-39

2/1/5~-9
2/3/5-7
2/6/70-74
3/1/30-32
3/2/78-82
4/1/19-23

(Meters below sea

1158.3/3810
1167.4/3840

6/5/5-9
6/6/80-84
7/1/5-9
7/2/5-9
7/3/5-9
7/4/80~84
7/6/80-84
8/1/5-%9
8/2/5-9
8/3/80-84
8/5/5~9
8/6/5-9
9/1/5-9
9/3/80-84
9/4/80-84
9/5/80~84
9/6/80~-84
10/1/5-9
10/2/80-84
10/3/80-84

6/1/20-24
6/2/140-144
7/1/5~9
7/2/81-85
7/3/83-89
7/4/5-9

563

10/4/80-84
10/5/5-9
10/6/5~-9
11/1/5-9
11/1/80~-84
11/2/5-9
11/3/80~-84
11/4/5-9
11/5/5-9
12/1/5-9
12/3/80-84
12/4/80-84
12/5/5-9
12/6/110-114
13/1/5-9
13/1/60-64
13/1/110-114
13/5/60-64
13/5/110-114
14/1/5-9

8/1/53-57
9/1/80-84
9/4/90-94
10/1/80-87
10/4/93-97
10/6/140-150

COST B-3 Well

level/feet below Kelly Bushing)

1249.7/4110
1258.8/4140

1350.3/4440
1359.5/4470

14/1/80-84
14/2/5-9
14/3/5-9
14/6/5-9
15/1/5-9
15/2/5-9
15/3/5-9
15/4/5-9
15/5/5-9
15/5/80-84
15/6/5-9
15/6/80-84
16/1/5~9
16/1/80-84
16/2/5-9
16/2/80~84
16/3/5-9
16/3/80-84
16/4/5-9
16/4/80-84

11/4/88-92
12/1/100-104
13/1/80-84
14/1/73-77
15/1/35~39

1432.6/4710
1441.7/4740
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1176.6/3870
1185.7/3900
1194.9/3930
1204.0/3960
1213.2/3990
1222.3/4020
1231.4/4050

APPENDIX 1 (continued)

COST B—3 Well

1268.0/4170
1295.5/4260
1304.6/42590
1313.8/4320
1322.9/4350
1332.0/4380
1341.2/4410

1368.6/4500
1377.8/4530
1386.9/4560
1396.1/4590
1405.2/4620
1414.3/4650
1423.5/4680

1450.9/4770
1460.0/4800
1469.1/4830
1478.2/4860
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APPENDIX 2 (Continued)
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APPENDIX 2 (Continued)
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APPENDIX 2 (Continued)
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APPENDIX 2 (Continued)

ASP 15

HA

=

HEoM 3Nt

Hsontii 14093

SLst3IYiIsooYy

HO Loty

HALHvara Wi

s

HAng 10s

HOITHnio1Is3 1y

I EE L BT T T Y]
A3t S Inasn
UM ins s nasn
IR GELL T : LA LLETT
HHId0¥nhoso 1003
HHidauntogo1ooan
IN3IZ WEIWLDAOA0 1D
LIDS Wiwilodogo-io
L1az "g11dioxoanng
ELEERCE R UG LT[R

Y14 i1030901)

HS3IAD iIYioNDAD 9

TS MITOIW YiYioNodgo-n
HATEINNOD "4 w3azory Y inyoaoin
fA3A WYl oxyngng

H1sngDN 1

SHDA YIdloxNnan 1o

- 120 ..1 ..1
« 20

«w

.19
-]

« eadh
eal

-

o

1308.38Mm

-

.ol

“we

aal

.o

1509.4M

~

1510.0mM

1511.0M

cwee

el

PR

1511.3M

©aeo

1S512.1M

31

«wa

o o431

Y

1529.9M4

-

50. 9

1331.74

1

-

>4

.wn

1S32.2m

1333.6M

YEo13INbRInd YiIYlodoayng
HIDHLINILSOLd QIR I0N0oaNN]

Td9 HI¥IAUNET wHiilogAang
HH3van3 diitogans

HH3Iugn3 4o untlogans

SHADSIHINANS S1SH0TIINITION AL SS

HHITMMIHES SIS0 110N 0N34S

1308.8M

13Q9. 31

1310.0M

1311.0M

1311.3M

1312.11m

1329.9M

1

<Q.FM

1331.7m

5w

.13 .23

el

-
. wla

1533. &1



led

APPENDIX 2 (Continued)

COST B-3
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- Very abundant (Greater than 50%)

- Abundant (20-50%)

APPENDIX 2 (Continued)
4 - Common (10-20%)

5
6

)

- Few (5-10%)

DSDP SITE 334

o
C]

- Very rare (1%)

At DSDP sites the following scale of relative abundances is used
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APPENDIX 2 (Continued)

DSDP SITE 334
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APPENDIX 2 (Continued)
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APPENDIX 5

DIVERSITY VALUES OF INDIVIDUAL SAMPLES

AMCOR 6009B

Number OF Number Of Shannon-Weiner Eguitability

Specimens Species Diversity
Samole N ) ] A E

34.41M a6 19 2.482 0.73

935.2M 102 23 2.37 ) Q.47

122.2M 31 10 1.7 0.48

123.4%M 214 1G 1.87 Q.45

167 .24M 360 11 1.47 0. A0

273.°1 21 9 1.95 0.78

301.2M 3 1 0.00 1.00

321.0M 12 & 1.43 0.835

AMCOR 6011
Number Of Number O0Ff Shannon—Weiner Equitability
Specimens Species Diversity
Sample N 5 R E

198. &M 195 4 0.33 . 0.33
199.01 3& ] 0,31 G.28
218.0M &39 10 0.39 0.13
227 .21 383 & 0.78 0.35
T3 &M 8¢ ié 2.47 0.74
2Th. 34 3& 7 1.84 0.78
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APPENDIX 5 (Continued)

AMCOR 6010
Number Of Number Of Shannon-Weiner Equitability
Specimens Species Diversity
Sample N . S R E
151.2M 336 28 2.467 C.52
152.8M 448 13 1.246 R Q.27
160.4M 434 16 1.75 0.36
1&40. &M 240 iB8 2.146 Q.48
170.1M 279 21 2.19 0.42
172.2M 83 3 0.22 0.41
173.0M 44 3 0.21 0.41
179.7M 263 10 1.07 Q.29
182.2M 7 2 0.41 0.75
207.7M 3 2 0.564 0.94
254.8M 15 & 1.54 0.84&
267.2M4 18 3 Q.73 0.469
273.46M 318 ? 1.49 Q.49
277 .05M 2 2 Q.49 1.00
280.3M 373 14 1.98 0.32
283.7M S6 15 2.25 0.4&3
302.3M 2 1 0.00 1.00
310.7M 12 4 0.84 0.358

314. &M 128 146 2.20 0.56



213

APPENDIX 5 (Continued)

ASP 13
Number Of Number Of Shannaon—~Weiner Equitability
Specimens Species Diversity
Sample N .5 R E

847.5M 33 16 2.43 0.71
871.2M 50 19 2.18 ° 0.46
?11.3M 23 8 1.34 0.38
F11.7M 1 1 Q.00 1.0C
?43.1M 3 2 0.464 0.%4
P47 .3M ? & 1.58 0.31
48, 1M 24 13 2.37 0.82
?48. M 20 12 2.29 0.82
248.%M 146 11 2.23 0.86
P63, 2M 29 14 2.45 0.82
P65.5M 31 20 2.40 0.67
P55.2M 109 26 2.22 0.35

?4646.8M 147 34 2.88 0.32



ASP 14

APPENDIX 5 (Continued)

Number Of Number Of Shannon—-Weiner Equitability
Specimens Species Diversity
Sample N - s R E

1303.4M 229 17 1.22 0.20
1345.8M 112 14 1.51 . Q.32
14192.1M 31 18 2.463 Q.72
1420.2M 104 21 2.62 Q.45
1422.2M 82 19 2.33 Q.54
1448.5M 2 1 Q.00 1.00
1470.2M 235 44 3.29 0.35B
1470.5M 78 27 2.82 Q.62
1471.6M 235 40 2.99 0.50
1472.2M 301 So 3.13 Q.44
1472.7M 210 48 3.21 Q.51
1473.2M 143 30 3.35 0.57
1473.8M 313 42 2.81 0.34
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APPENDIX 5 (Continued)

ASP 15
Number O+F ) Number Of Shannon-Weiner Equitability
Specimens Species Diversity
Sample N 5 A E

1508.8M 245 S0 3.35 0.70
1509.4M 4é& 18 2.462 0.74
1510.0M 31 20 2.33 ‘ 0.43
1511.0M &1 22 2.75 0.71
1511.5M 47 21 2.746 0.73
1512. 1M 31 18 2.79 0,30
1513.4M 2 1 0. 00 1.00
15135. 1M 1 1 0.00 1.00
1515.4M 2 i 0.00 1.00
1329.%M » 202 44 3.32 0.463
1530.%M 41 16 2.32 0.44
1531.7m 34 14 2.43 0.81

1532.2M 384 24 1.80 0.23
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APPENDIX 5 (Continued)

COST B-3
Number 0+ Number Of Shannon-Weiner Equitability
Specimens Species Diversity
Sample N S H E
1158.3M 102 28 2.61 0.4%9
1167.4M sS2 15 2,15 0.57
11746.8M 118 27 2.32 0.38
1185.7M 173 21 1.99 0.35
1124,9M4 80 22 2.18 0. 40
1204.0M 203 21 1.71 0.26
1213.2M 110 22 2,07 0.36
122234 a8 21 2.24 0.43
1231.4M 138 16 1.75 0.36
1249 ,7M 81 17 1.93 » Q.40
1258.8M 122 14 1.93 0.4%
1268.0M 97 -3 2.22 0.44
1293.5M4 354 28 1.40 0.18
1304.4M 244 31 2.27 0.31
1313.8M 242 25 2.17 0.33
1322.9M 305 38 2.564& 0.38
1332.0M 154 36 2.83 0.47
1341.2M 274 32 2.72 0.47
1350.3M 194 36 3.10 C. 62
133%.5M 190 41 3.19 0.5%9
; 1368.4M ' 319 42 2.73 0,36
1377.8M a3 30 3.06 0.71
1386.9M 2035 43 3.33 0.65
1394, 1M 294 44 3.39 0.67
1403.2M 143 45 3.34 0.73
1414.3M 284 36 3862 0.67
1423 .51 202 3¢ 3.42 0.451
1432, &M 203 33 3.462 .71

1441.7m 34 29 3.12 0.78
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APPENDIX 5 (Continued)

Number 0Of Number Of Shannon-Weiner Equitability
Specimens Species Diversity
Sample N . 8 H E
129.35M 9 41 3.35 0.70
133.05M 151 40 3.36 . Q.72
137.70M 81 38 3.36 0.75
139.30M &0 25 2.80 Q.46
141.,353M 83 39 3.30 0.49
148. 591 &9 28 2.95 Q.49
167.74M 91 30 2.94 0.53
177.05M 85 33 3.01 0.62
180.33M & 36 3.07 Q.40
182.30M 5] 37 3.30 0.73
187.03M 116 38 3.25 0.468
19&.80M 99 40 3.40 0.75
225, 30M 141 42 3.29 0. 454
2046.30M az 33 3.01 Q.52
234.890M 111 43 3. 40 0.70
244,23M 123 43 3.32 0. 54
2353.35M 72 31 3. 16 0.76
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APPENDIX 5 (Continued)

Number 0OFf Number Of Shannon—Weiner Equitability
Specimens Species Diversity
Sample N s H E

289.55M &7 21 2.76 0.76
291.13M 37 i 20 2.71 0.73
292.71M &2 26 2.89 Q.69
294.29M &9 24 2.8% 0. &9
295.87 41 19 2.467 0.76
2946, 62M sl 13 2.38 Q.83
297.435M 37 s 2.31 0.82
299. 0™ 28 i& 2.463 0.87
302.21M 73 23 2.52 .59
302.76M 73 23 2,80 Q.65
303.758 iio0 25 2.80 Q. bé
304.34M 4& 17 V 2.31 0.72
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APPENDIX 5 (Continued)

Number 0OF Number Of Shannon~Weiner Equitability
Specimens Species Diversity
Sample N S H E
224.563M a8 28 2.73 0.35%9
229.3™m 33 17 2.562 0.81
230.95M S22 20 2.42 0.4&8
230.95M 52 20 2.562 0.68
232.55M 77 30 2.97 C. &5
238.04M 49 27 3.10 0.82
239.42M sa 19 2.56 0.68
241.20M bb 23 2.64 Q. a1
242.05M 38 prn z2.82 Q.73
244.39m sa a3 2.74 C. &7
245.76M 27 23 2.93 0.71
248.37M =2 25 2.95 Q.76
249.93M S2 28 3.035 0.73
251.35M 54 27 2.96 0.72
2352.30M S& 2 2.79 0.74
255. 440 79 34 3.23 0.74
256.271 80 32 3.10 Q. &9
257.a7m 58 25 2.93 Q.73
251.05M 92 25 3.02 0.79
2Wb.54M 43 21 2.73 Q.73
267.3M 40 21 2.82 0.80
270.00M 23 17 2.73 C.71
277.921M 1461 29 2. 43 0. 48
280. 05M 2 26 2.74 0.5%
280.80M 43 19 2.47 0.7&
281.43M 1246 23 2. 40 0. 44
283.21HM 26 23 2.81 Q.68
286.371 &9 20 2. 68 0.73
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APPENDIX 5 (Continued)

DSDP SITE 563

Number 0Of Numter Of Shannon—Weiner Equitability
Specimens Species Diversity
Sample N s R £
164.05M 80 32 3.14& 0.74
1646.80M &3 2= 2.87 0.77
175.55M ios 38 3.33 0.73
185. 03M 143 21 1.38 0.23
1835.30M 73 31 3.08 0.70
186.483M &0 29 3.17 0.82
187.38M &5 7 2.97 0.72
188.21M &0 27 3.13 0.33
189.79M 39 21 2.856 0.83
194, 55M 37 21 2.82 .80
193.30M 47 24 2.9%9 Q.82
176.96M 102 42 3.39 0.71
198. 4561 a6 28 3.04 0.74
200.04M 38 22 2.74 0.86
201.482M &7 27 3.20 0.85
202.45M &7 3t 3.12 .73
203.20M 42 23 2.71 .80
204,05M 102 prad 2.00 0.32
204.801 142 26 1.70 Q.21
205.63!7 b2 29 3.19 0.34
210.37M = i8 2.464 0.78
213.53m 97 38 325 0. 48
214.71M 79 30 3.02 0. &9
217.04M 38 23 2.77 Q.44
222.20M a2 24 2. 486 Q.59

223.03M ) 139 27 2.458 C.54
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Explanation of Plate 1

Fig. 1 —- Elphidium excavatum (Terquem), AMCOR 6010 172.2m, side view,
X81.

2 -~ Epistominella pontoni (Cushman), AMCOR 6010 94.2m, Spiral
view, X162.

3 -— Buliminella elongata (d'Orbigny), AMCOR 6011 218.0m, side
view, X110.

4 -~ Quinqueloculina seminulina (Linnaeus), AMCOR 6010 84.7m, side
view, X130.

5 -~ Buliminella elegantissima (d'Orbigny), AMCOR 6011 227.2m,
side view, X130.

6 -~ Cibicides ornatus (Cushman), AMCOR 6009B 93.2m, spiral view,
X86.

7 —— Trifarina brady (Williamson), ASP 15 1508.8m, side view, X81.

8 -- Melonis barleeanus (Williamson), Site 563 236.46m, side view,
X70.

9 -- Buliminella bassendorfensis (Cushman and Parker), AMCOR 6010
283.7m, side view, X108.

10 -- Florilus atlantica (Cushman), COST B-3 1368.6m, side view,
X81.

11 —— Fursenkoina schreibersiana (Czjzek), AMCOR 6010 170.1lm, side
view, X108.

12 == Bulimina marginata (d'Orbigny), AMCOR 6009B 84.41m, side view,
X108.

13 -=- Lenticulina americana (Cushman), COST B-3 1368.6m, side view,
X54.

14 -- Uvigerina juncea (Cushman and Todd), AMCOR 6010 280.3m, side
view, X70.

15 =- Bulimina alazanensis (Cushman), ASP 15 1531.7m, side view,
X108.

16 -— Uvigerina auberiana (d'Orbigny), ASP 15 1531.7m, side view,
X108.

17 —- Stilostomella bradyi (Cushman), COST B-3 1167.4m, side view,
X70.
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18 -~ Karreriella bradyi (Cushman), ASP 15 1531.7m, side view, X81.

19 -- Uvigerina spinicostata (Cushman and Jarvis), Site 334 234.80m,
side view, X43.
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Explanation of Plate 2

Fig. 1 -- Sphaeroidina bulloides (d'Orbigny), Site 334 133.05m,
umbilical view, X50.

2 == Buliminella grata (Parker and Bermudez), Site 563 244.38m,
side/top view, X90.

3 —- Oridorsalis tener temer (Brady), COST B-3 1405.2m, spiral
view, X60.

4 —— Pleurostomella brevis (Hantken), Site 563 289.55m, side view,
X75.

5 —— Planulina wuellerstorfi (Schwager), Site 334 148.69m, spiral
view, X50.

6 -— Eggerrella bradyi (Cushman), Site 563 203.2m, side/top view,
X50.

7 —— Nuttalides umbonifera (Cushman), Site 563 175.55m, spiral
view, X65.

8 —— Globocassidulina subglobosa (Brady), Site 334 122.05m, side
view, X50.

9 - Cibicidoides mundulus (Brady, Parker and Jones), Site 563
204.05m, spiral view, X45.

10 —— Planulina renzi (Cushman), Site 334 141.53m, spiral view, X65.

11 —-= Pullenia bulloides (d'Orbigny), Site 334 148.69m, edge view,
X65.

12 -- Gyroidinoides neosoldanii (Brotzen), Site 334 148.69m, side
view, X75.

13 -- Sphaeroidinellopsis paenedehiscens (Blow), Site 334 129.55m,
side view, X50.

14 -- Sphaeroidinellopsis subdehiscens (Blow), Site 563 204.05m,
side view, X50.

15 -- Sphaeroidinellopsis seminulina (Schwager), Site 563 187.38m,
side view, X50.

16 -- Neogloboquadrina dutertrei (d'Orbigny), AMCOR 6010 151.2m,
spiral view, X50.

17 -- Neogloboquadrina sp. cf. N. humerosa (Takayanagi and Saito),
Site 334 148.69m, umbilical view, X75.

18 -- Neogloboquadrina acostaensis (Blow), Site 334 167.74m,
umbilical view, X75.
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19 -~ Neogloboquadrina pseudopachyderma (Cita, Premoli~Silva and
Rossi), Site 334 139.30m, umbilical view, X110.

20 -- Neogloboduadrina continuosa (Blow), Site 563 188.21m,
umbilical view, X75.
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Explanation of Plate 3

Globorotalia inflata (d'Orbigny), AMCOR 6010 151.2m, side

view, X50.

Globorotalia conomiozea (Kennett), Site 334 148.69m, spiral

view, X60.

Globorotalia conoidea (Walters), Site 334 167.74m, side view,

X60.

Globorotalia miozea (Finlay), ASP 14 1470.2m, umbilical view,
X85.

Globorotalia miozea, Site 563 252.30m, umbilical view, X65.

Globorotalia praescitula (Blow), COST B-3 1213.2m, umbilical

view, X80.

Globorotalia zealandica (Hornibrook), COST B-3 1368.6m, side

view, X120.

Globorotalia pseudomiozea (Walters), COST B-3 1368.6m, side
view, X150. :

Globorotalia fohsi robusta (Bolli), Site 563 205.63m, spiral
view, XAS.

Globorotalia fohsi lobata (Bermudez), Site 563 204 .80m, spiral

view, X50.

Globorotalia fohsi fohsi (Cushman and Ellisor), Site 563

215.17m, spiral view, X50.

Globorotalia fohsi peripheroacuta (Blow and Banner), Site 563
236.46m, side view, X75.

Glororotalia fohsi peripheroronda (Blow and Banner), Site 563

236.46m, spiral view, X75.

Globigerina nepenthes (Todd), Site 563 187.38m, umbilical

view, X65.

Globigerina woodi woodi (Jenkins), Site 563 185.05m, umbilical

view, X75.

Globigerina praebulloides (Blow), Site 563 245.96m, umbilical

view, X80.

Globigerina ciperoensis (Bolli), COST B-3 1432 ,.6m, umbilical

view, X120.
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18 —— Globigerina sellii (Borsetti), Site 563 292.71m, umbilical
view, X60.

19 —— Catapsydrax dissimilis (Cushman and Bermudez), COST B-3
1432.6m, umbilical view, X55.
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Explanation of Plate 4

Globigerinatella insueta (Cushman and Stainforth), ASP 14

1472.2m, side view, X75.

Globorotalia plesiotumida (Blow and Banner), Site 563 175.55m,

umbilical view, X60.

Globorotalia praemenardii (Cushman and Stainforth), Site 563

226.96m, umbilical view, X50.

Globorotalia acrostoma (Wezel), ASP 14, 1472.2m, side view,

X120.

Globorotalia mayeri (Cushman and Ellisor), Site 563 2040.05m,

umbilical view, X75.

Globorotalia pseudokugleri (Blow), Site 563 292.71m, spiral

view, X100.

Globorotalia kugleri (Bolli), SIte 563 289.55m, spiral

view, X110.

Globoquadrina altispira altispira (Cushman and Jarvis), Site

563 236.46m, side view, X65.

Globorotalia margaritae (Cushman and Jarvis), Site 334

129.55m, umbilical view, X50.

Globoquadrina dehiscens (Chapman, Parr and Collins), Site 563

236.46m, spinal view, X75.

Globoquadrina dehiscens (Chapman, Parr and Collins), Site 563

234 .46m, umbilical view, X55.

Globoquadrina venezuelana (Hedberg), Site 563 205.63m,

umbilical view, X65.

Globoquadrina tripartita (Koch), Site 563 291.13m, umbilical

view, X55.

Globigerinoides sacculifer (Brady) Site 334 129.55m, spiral

view, X50.

Praeorbulina sicanus (DeStefani), Site 563 244.38m, side view,

X55.

Praeorbulina glomerosa circularis (Blow), COST B-3 135C.3m,

spinal view, X75.

Orbulina suturalis (Bronniman), Site 563 236.46m, spiral view,

X80.
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Globorotalia cf. G. opima nana (Bolli), ASP 15 1553.7m,

umbilical view, X130.

Pseudohastigerina micra (Cole), ASP 15 1553.7m, side view,

X165.

Pseudohastigerina micra (Cole), ASP 15 1553.7m, edge view,

X235.

Turborotalia postcretacea (Myatliuj), ASP 15 1553.7m, spiral

view, X150.

Acarinina cf. A. medizzai (Toumarkine and Bolli), ASP 15

1553.7m, spiral view, X235.
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