24. BENTHIC FORAMINIFERS AND PALEOBATHYMETRY OF THE JAPAN TRENCH AREA,

LEG 57, DEEP SEA DRILLING PROJECT

Gerta Keller, School of Earth Sciences, Stanford University, Stanford, California

ABSTRACT

Deep sea drilling in the Japan Trench area recovered a Late
Cretaceous to Pleistocene sedimentary and biostratigraphic record
unraveling the tectonic and paleobathymetric history of the conver-
gent margin. Benthic foraminiferal assemblages spanning the Late
Cretaceous to the late Pleistocene permit reconstruction of the paleo-
bathymetric history of this area. During the Late Cretaceous a deep
bathyal environment persisted, characterized by deposition of fine-
grained turbidites. Sometime during the early Paleogene, uplift oc-
curred, followed by erosion and deposition of a conglomerate which
presumably derived from a nearby volcanic source. A shallow marine
sequence consisting of a massive sandstone marked by shallow-water
benthic foraminifers, gastropods, and pelecypods was deposited in
the late Oligocene. During the early Miocene a fine-grained tur-
bidite-claystone was deposited on a subsiding slope which reached
upper middle bathyal depth. Subsidence continued throughout the
Miocene and reached lower bathyal depths (2000 m+) by the late
Miocene, accompanied by deposition of a thick hemipelagic se-
quence. The same depositional environment persisted through the
early Pliocene. A gradual shoaling from 2000 meters+ to 1500
meters (present depth) is indicated by benthic foraminiferal assem-

blages of the late Pliocene to Pleistocene.

INTRODUCTION

During Leg 57 of the Deep Sea Drilling Project four
sites were drilled on the continental slope of the Japan
Trench (Figure 1, Table 1) penetrating 4834 meters of
sediments and recovering a total of 1521 meters of
cores. Because of disconformities and intervals of severe
dissolution of calcareous and siliceous faunas, these
cores contain a discontinuous Late Cretaceous to late
Pleistocene faunal record. Nevertheless, integrated stud-
ies of both calcareous and siliceous plankton provide re-
liable age determinations for Leg 57 sites (see biostrati-
graphic synthesis).

A total of 574 samples have been examined for ben-
thic foraminifers from the four sites drilled on Leg 57.
Site 441, on the lower slope of the Japan Trench at 5655
meters below sea level, is barren of foraminifers. Site
438 and 440, on the inner trench slope and midslope ter-
race, respectively, provide an upper Miocene to Pleisto-
cene benthic foraminiferal record of varying abundance
and preservation. Benthic foraminifers are relatively
abundant in upper Pleistocene and upper Pliocene sedi-
ments but are rare in lower Pleistocene to uppermost
Pliocene (0.9-2.0 m.y.) and lower Pliocene sediments
owing to dissolution during these periods. Benthic for-
aminifers recovered from Miocene sediments are gen-
erally low in abundance and poorly preserved. Inner
trench slope Site 439 yielded upper Miocene, lower Mio-
cene, upper Oligocene, and Upper Cretaceous benthic

assemblages; preservation and abundance at this site are
generally poor.

METHODS

Samples of approximately 20 cubic cm were washed
through a 250-mesh screen (0.62 pm) and dried. Uncon-
solidated sediments were soaked in water, and, when
necessary, disaggregation was aided by the addition of
small amounts of hydrogen peroxide. Hydrogen perox-
ide was routinely added to more consolidated sedi-
ments. The hard, black, fissile shale (Cretaceous) en-
countered at the bottom of Hole 439 was disaggregated
by adding Quaternary 0 to the solution and boiling for
several hours. Because frequencies of benthic foramini-
fers were generally low, useful quantitative analysis was
possible for only Site 438. Qualitative analysis of species
abundance was made for Sites 439 and 440 with the fol-
lowing notation regarding abundance: abundant (A),
more than 30 specimens; common (C), between 15 and
30 specimens; few (F), is between 5 and 15 specimens;
rare (R), fewer than 5 specimens; for preservation, G is
good; M, moderate; P, poor. Labeling of samples fol-
lows the DSDP convention: hole-core-section (interval
in cm).

BIOSTRATIGRAPHY

Benthic foraminiferal assemblages of the Japan
Trench sites contain faunal elements common to both
the Pacific coast of Japan and to the northwest coast of
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Figure 1. A. Location of DSDP Leg 57 sites and major current circulation. B. Schematic cross sections showing drill

site locations for DSDP Legs 56 and 57.

America as well as species characteristic of the coastal
regions of Japan. For example, the Pleistocene and Pli-
ocene benthic faunas recovered from Sites 438 and 440
are similar to those from the Pacific coastal region of
Japan described by Matoba (1967, 1976), Ujiie et al.
(1977), Saidova (1961), Ishiwada (1964), and also simi-
lar to faunas described from the marginal northeast Pa-
cific by Uchio (1960), Bandy (1953), Ingle (1973), Loe-
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blich and Tappan (1953), Cushman and Gray (1946),
Martin (1952), and others. Many of these species, from
the Island of Car Nicobar, were originally described by
Schwager (1867).

Miocene to Oligocene faunal assemblages of the Ja-
pan Trench sites are also similar to those from the
northeast Pacific coast described by White (1956), Pierce
(1956), Kleinpell (1938), Mallory (1959), and Sullivan
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TABLE i
Leg 57 Site Data
Sub-bottom Total Core
Depth Penetration Recovered  Oldest Sediment

Hole Latitude Longitude (m) (m) (m) Cored
438 40°37.75'N  143°13.90'E 1552 109.5 81.9 L. Pliocene
438A 40°37.79'N  143°14.15'E 1558 878.0 555.3 M. Miocene
438B  40°37.80'N  143°14.80'E 1564 1040.7 192.6 L. Miocene
439 40°37.61'N  143°18.63'E 1656 1157.5 163.0 U. Cretaceous
440 39°44.13'N  143°55.74'E 4509 73.0 50.4 Pleistocene
440A  39°44.13'N  143°55.74'E 4509 139.5 33.5 Pleistocene
440B  39°44.13'N  143°55.74'E 4509 814.0 401.9 U. Miocene
441 39°45.05'N  144°04.55'E 5655 293.0 16.6 L. Pliocene
441A  39°45.05'N  143°04.59'E 5644 662.0 19.7 U. Miocene
4418 39°45.08'N  144°04.60'E 5635 687.0 5.5 U. Miocene

(1962); to those from the Central Pacific described by
Douglas (1973); and to those from the Japan region de-
scribed by Asano (1953a, 1953b, 1958). A large number
of late Miocene to Pliocene species of the Japan Trench
sites appear to be cosmopolitan and have recently been
discussed, with respect to paleobathymetry from the
Mediterranean El Cuervo section of Andalusia, Spain,
by Berggren et al. (1976).

The Upper Cretaceous fauna present at Site 439 con-
tains species from Hokkaido described by Takayanagi
(1960) as well as from the Rosario Formation of South-
ern California described by Sliter (1968).

In the following discussion on late Tertiary benthic
foraminiferal assemblages, radiometric dates are based
on plankton datum levels and correlations; F = fora-
minifera (Keller, this volume), D = diatom (Barron, this
volume), R = radiolaria (Reynolds, this volume), N =
nannofossil (Shaffer, this volume). Important datum
levels are indicated in the range charts of benthic species
(Figures 2-5).

Site 438

Site 438 was drilled on the outer slope of the deep sea
terrace 170 km seaward of Tohoku Island Arc at a depth
of 1550 meters below sea level. Three holes, 438, 438A
and 438B, were drilled at this site, reaching a sub-bot-
tom depth of 110, 878, and 1040 meters, respectively,
the oldest sediments date from the early Miocene.

Hole 438

The 110 meters of upper Pliocene to Pleistocene sedi-
ments penetrated in Hole 438 consist of sandy, silty clay
with erratic pebbles. Benthic foraminifers are common
to abundant in the upper Pleistocene sediments, absent
because of dissolution in sediments spanning 0.9(D, N)
to 2.5 (F)m.y., and rare to few in upper Pliocene Cores
9 to 12 (Table 2). Throughout the upper Pliocene to
Pleistocene sequence foraminiferal assemblages consist
of more than 60 per cent benthic foraminifers, suggest-
ing that dissolution occurred throughout this interval
(Figure 2). According to diatom (Barron, this volume)
and nannofossil (Shaffer, this volume) data, the Plio-
cene/Pleistocene boundary falls between Cores 3 and 4.

The range and relative abundance of benthic fora-
minifers of Hole 438 are illustrated in Figure 2. Elphidium
batialis, a deep-water species (Ishiwada, 1964; Saidova,

1961; Matoba, 1976), is the most abundant species in
upper Pleistocene assemblages, together with Nonion
labradorica, Epistominella pacifica, Bucella inusitata,
Chilostomellina fimbriata, Cassidulina norcrossi, C.
islandica, Uvigerina akitaensis, U. cf. yabei, and U.
Jjuncea. This group of species is characteristic of the late
Pleistocene fauna observed in the Japan Trench sites
and correlates well with the present water depth of 1500
meters at this site.

The late Pliocene benthic foraminiferal assemblage at
Site 438 indicates that deposition occurred in somewhat
deeper waters (1500-2000 m) during this time. This
fauna is characterized by the following assemblage:
Uvigerina juncea, U. proboscidae, Bulimina striata,
Martinottiella communis, Melonis affinis, M. pompili-
oides, Bolivinita quadrilatera, Nodosaria longiscata, and
N. vertebralis (Table 2). The rare shallow-water species
present within Hole 438, Elphidium clavatum and Quin-
queloculina sp., suggest that downslope displacement of
sediments has been negligible.

Hole 438A

The 878 meters of sediments penetrated in Hole 438A
span the early Miocene to Pleistocene. Benthic foramin-
ifers occur in varying abundance throughout this se-
quence (Table 3), reflecting a dissolution pattern similar
to that observed in Hole 438 for the late Pliocene to
Pleistocene (Figures 2 and 3). Throughout the Miocene
to lower Pliocene sediments, benthic foraminifers are
rare to few and poorly preserved. Table 3 provides the
quantitative data in terms of number of species and
specimens counted for Hole 438A, and Figure 3 illus-
trates abundance and ranges of dominant species.

The late Pleistocene benthic foraminiferal assem-
blage of Hole 438A (Assemblage 1, Figure 3) is very
similar to that in Hole 438 in both abundance and char-
acteristic species, with the exception of Bulimina exilis,
which occurs abundantly in Hole 438A but not in Hole
438. This faunal assemblage is characteristic of the pres-
ent water depth in the area (1500 m). As in Hole 438,
foraminiferal faunas are severely dissolved in the inter-
val spanning 0.9(D, N) m.y. to about 2.0 to 2.2(F)
m.y. (Cores 438A-2,CC to 438A-4-5).

The latest Pliocene interval (Cores 438A-4, CC-438A-
5-5 [15]), spanning from about 2.0 to 2.2 ([F] m.y. to
2.4 [D] m.y.) has a faunal assemblage (Assemblage 2,

837



G.KELLER

(Ausqi(),p) supsaps ourpunsaog !
(£usiqiQ,p) Huopjos "9 =

(Au#1qiQ,p) puDIYILDUD) DUIPIOIAD

(Aufiqi,p) pprudd 'n

2
1

uewysny) eayaed "o A

14

(Audiqi0,p) opnao o

51
27
2

(A3qreg) propnorino punIngoqol

58
97
36
12
32
17

4

2

TqIRg LANSIIN o

ezuanbag opyjos oupmssiy

o~~~
(urwysnDy) eaypaod ojjau d -

qds g

127
1125
4 64

vods g

55
mn
8 48

3
5
10
2
1

OURSY wWinlAUIGNS g

11

URWIEND) Wnioan)d "

BAOPTES S1n1nq wimpiyd)
UBUIYSN) pApog pl1a42dE T

119
36
66

106

190

246
86

1
1

(uBungsn)) mmposqns g

uedde ], pue yoiqe0] ssuasaysiqodf ‘q

= good.

(Audiqi0,p) sruofif "a
I3[SSIM PUR KEmO[en) 18809 puypIuac = &
(AuMQIQ, p) SnuBALYD SIPIOPIANGLD

(uewnpn)) snum. phasd ')

QOOE[ PUR I2N[EA\ SNINIOGO] SAPIFIGID

USND) pyouquif pujjauo)sopyd a78

1 101
39

SSNAY PaPIOA0 BIAUCISONY) ey

(Ape2g) snupuayivd ] 8

&) Gt I G

11
3
13
2

TABLE 2

BINWENEN PUT OUBSY 12904 D

(Apeig) suaomsuoiy D

Barren

Apeig msoqopigns ) w

10
15
5
1

URUISNY) 1S50400U ) e~ a2

5
2

IDSSIAN PUR AEMOJ[ED) SISUA O] D =

Distribution of Benthic Foraminifers in Hole 438

say#np] pue UBWIYSN)) DIDGLL] D

9
2
1
4

SueatoN 2o1pusys) D

21
8!

12

17
benthic foraminifera (Keller, this volume). Preservation: P = poor, M = moderate, G

3

BINWENEN PUE OUESY D55a4dap DUINPISSDD)

Aprig sypxa oyaupuing

33
3
B85
49
17
3

AuBQIQ,p piois g

2

RSN 210qRq g

Aushqi,p p1oanop vununng g8 &7

10

“ds g -
UISIAPUY DIpiSNL B3IINg e oiwlate

urwWYsny) psspds g =

) TpnIa] qantodg =

(128emydg) pa2soyuponb opuanog

nannofossil (Shaffer, this volume), F

(wa ut yidaq) apdwes

1-2 (115)
1-3 (10)
22 (31)
2-4 (70)
2)
3-2(28)
34010
36 (43)
3

5-1 (30)
5-2 (40)
53 (10
56 (30)
85 (20)

Hole 438

10-1 (58)
10-2 (134)
10-3 (110)
11-3 (72)
11-5 (124)

11-6 (120)

86 (116)
9-4 (130)
11,6C
12-3 (51)
12CC

8,cC

9-3 (10)

afly AUIV0NETAN

g
£
B

SlanaT wnjeg

0.25D
0.25N
0.4R
0.9
DN
098

838

Note: D = diatom (Barron, this volume), N

24D
2.57F

2.8R



BENTHIC FORAMINIFERS AND PALEOBATHYMETRY

UONEALISRL] u B B B B [ Ba B

G

-
wrmwlosnoim o
| —-—

-

21
23
7
k]
16
29 | P

pauno;y suawads ‘oN

613 | G
402 | G
425

684 | M
495 | G
647 | G
443 | G
423 | M

_— ~ ~

1

(AuBrqi(),p) DUPINDID DL NAIDA

19
8
14
2
3

QUESY ragod “1 1)

11 222
5
2
6

oussy faged '

27
13
24 37
6

T

1

2

1

2

URWIEN)) B50I1IAT 1]

1demyas aeprasoqoud = =

ppo.L midnap pupSasad '
uewysny) putfadad 1)
PPO.L pue uBwiysny) paaun/ ' Mmoo M

afemyas oprdsty )

28
1

OUESY SJFUIDIYD PULARIAL

(19Femas) opnpidaj 'S

(ryeziysy) poyosodoy g

1femyos ronistf mjawoisols
AuBq10,p saprojing ouipiosaoyds = & -
“ds smogoy

“ds pupmaojanbuing}

(AuBiq10,p) mssaidap odilg

UEWSSOW PUE [[aSI0]) 206IY10W DN ——— - o
(AuBiqiQ,p) miodiean) suynpugSopnasq - - | ot

(1aFemyag) yaorsiapanm ounnun)y M 0N

TABLE 2 — Continued

sagemydg vaampaf o

[0 JUAPD BN PUOL[O133]d -

4
1
1
Barren
1
3
1
6
1

(Apelg) Jaua) SYUSIOPLQ)

(uosme(]) pauoprigoy N

1120
138
41

(Aumq1Q),p) idnoparesd uoruoy

(Yos1Bg) Symigatean "N - o - -
1aFemyos misor N

OUBSY SISUPUISOUIYO "N - = e o~
AuBiqiQ,p proosiduo) N =
1FeMIRS paasojoY N -

ssnay sydiowo)ps pLTSOPON
(oW pue 121yt g) saprojyrduiod “Jy = v g
(oman) ansayiod “py

(ssnay) spuaffo stuopapy ~ . - o -t

[P R Ry R

14
2
1
3
T
6
T
4

12

(AuBiqIQ),p) SIUNWIUOD B0 RY

UOSWIRI A SoFna ] - |=
QOJR[ pUR 13N[EN D1OINS T -
(AudiqiQ,p) promass 7 -

SIUOJ PUE IaIvd muoInp puaioy -

RSN 1A praq BYF1I2IIY

-2(115)
-3 (10)
2231
24 (7T0)

(ura u ydaq) dfdwreg

3-2(28)
3-4 (10)
36 (43)
5-1 (30)
5-2 (40)
5-3(10)
5-6(30)
&5 (200
86 (116)
8,CC

9-3 (10)
94 (130)
10-1 (58)
10-2 (134)
10-3 (110)
11-3 (712
11-5 (124)
11-6 (120)
11,CC
12-3 (51)
12,CcC

g g8
21 o

——

Hole 438

oy 0TI aussond

sJaAd] winjeq

0.25D
0.25N

DN
0.9R
24D
2.57F
2.8R

g
=]

0.9

839



0P8

|
= = s &
- -E- 2 .3 3 & g & Em
1) o . @
5, %; 3 £ § P g £ & s 2 =R Benthic Foraminifers in Total
5| £ Sea S22 32 3 s =25 23 g2 ic Speci iferal Populati
£ £ 3 2 = & = g =2 08 8 T B2 & £ E Na. Benthic Species Foraminiferal Population
5 | &% §T & 2 E 28 3 28328 @,.58 |8z %
= = 5 © 3 = - = 3 z 2T 22 = e 2 8
8 = =28 8¢t f§§%s37 33883£c:5887% 8¢
ST S3<w ol 8ES Bl 3sas52Es |5
SEE S 83T 38528 E8EsEssssdtEse
FSsS2S8§d985§s58Fv38388S$55s58¢¥8s
SEd ST WWOEITIIFT IS TSSTEIEE 60 90 40 40 50 100
0
43812 (115) | [ ] ' ] ‘ '
13 (10)
025 22(31) | |
D " 407
0.25p 2:4.(70) _
N 2,cC | r
g — 8
5| 208 | gg%
£ 3-4 (10) g
a| 36043 | [*
oo | | soo || N
I e 51(30) |
5 52 (40) | | | i
L
g 53 (10) l | |
a N
> s 5ol | sew0 =
£ 2.43 M 85 (20) J
) D =~ =1
2 86 (116) e
: . | (N -
@ 8,cC | W
93 (10} | j
2.02 9.4 (130) | -
F ¥ o 3 <
10-1 (58) | s 8 ~q
| 1020134 (%) | | | 1|5e v I
2| 1030110 <10 | 58
113(72) 10-19 [ [ ] < R
115 (124) 20-29
11-6 (120) 30-39 | |
100 11, cC 40-49 |
123 (51) >50 | | |
Iz'cc I 1 1 1 1 1

Figure 2. Range and relative abundance of dominant species, total number of benthic species, and percentage of benthic foraminifers in total foraminiferal
JSauna in Hole 438. (D = diatom [Barron, this volume|, N = nannofossil [Shaffer, this volume], R = radiolaria [Reynolds, this volume], F' = plankton-
ic foraminifera [Keller, this volume].)

ERBED IS



Figure 3) similar to that within the same time interval in
Hole 438 (Figures 2 and 3). The following species are
dominant within this assemblage: Cassidulina norcrossi,
C. yabei, Bolivinita quadrilatera, Bulimina striata, No-
dosaria longiscata, Stilostomella fistucca, and Uvige-
rina subperegrina. These species suggest that deposition
occurred between 1500 and 2000 meters sub-bottom.
Up to 10 per cent Elphidium clavatum, a shallow-water
species in recent faunal assemblages, is present in two
samples: 438A-5-3(61), with 58 specimens, and 438A-5-4
(18), with 25 specimens (Table 3). This suggests that ei-
ther (1) there was considerable downslope movement of
sediments (i.e., slump, debris flow) at this interval or
(2) that this species inhabited deeper waters during the
late Pliocene than at present. Absence of significant
numbers of shallow-water species within this interval
favors the second interpretation.

A characteristic late Pliocene assemblage (Assem-
blage 3, Figure 3) can be recognized between Cores
6,CC and 12,CC, which may correspond to the lower
part of Hole 438. Dominant species within this interval
are Cassidulina norcrossi, Bulimina striata, Buccella in-
usitata, Stilostomella lepidula, Martinottiella commun-
is, Nodosaria vertebralis, and Nonion labradorica. This
assemblage suggests deposition at a water depth of
about 2000 meters. Rare specimens of shallow-water
species, Bolivina decussata, Cibicides lobatulus, C.
aknerianus, Elphidium clavatum (?), Rosalina bradyi,
and Trifarina fluens, indicate that displacement of
species by downslope movement has been minimal.

A fourth assemblage can be recognized spanning the
lower Pliocene interval. The dominant species within
this interval are Uvigerina senticosa, U. proboscidae,
Nonion labradorica, Melonis affinis, Martinottiella
communis, Buccella inusitata, Nodosaria longiscata,
and Bulimina striata. Abundance of U. senticosa and U.
proboscidae suggests that deposition occurred below
2000 meters. Rare occurrences of Quinqueloculina sp.
Bolivina marginata, Cibicides lobarulus, and C. akner-
ianus also suggest that downslope displacement of spe-
cies has been minimal during the lower Pliocene.

Hole 438B

Hole 438B contains only rare benthic foraminifers
such as Martinottiella communis, Nodosaria longiscata,
Nonion nicobarensis, Pullenia quinqueloba, Sphaeroid-
ina bulloides, and Uvigerina cf. hootsi. Diatom faunas
indicate a lower Miocene age for Hole 438B Cores 5,CC
to 23,CC (Barron, this volume).

Site 439

Site 439 was drilled 5 km east of Site 438 at a depth of
1656 meters below sea level. The primary objective of
Site 439 was to penetrate the acoustic basement, an ob-
jective which failed at Site 438. Because the late Neo-
gene biostratigraphic and sedimentary record was ob-
tained at Site 438, Site 439 was interval cored to the ear-
ly Miocene and the remaining section continuously cored
through the acoustic basement. Four spot cores taken
through the upper and middle Miocene and the continu-
ously cored early Miocene section provide age and bio-
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stratigraphic correlation of Site 439 with Site 438 (see
biostratigraphic synthesis). The two sites provide a
unique, albeit discontinuous, Upper Cretaceous to
Pleistocene faunal record which largely corroborates the
geologic history of this area as interpreted from onland
sections of Japan and particularly the northeastern part
of Honshu Island.

Benthic foraminifers at Site 439 are generally rare to
few and poorly preserved except for horizons in lower
Miocene and upper Oligocene sediments, where relative-
ly diverse faunal assemblages are preserved. Figure 4 il-
lustrates the ranges and relative abundance of species at
Site 439. Although most species present are not age-di-
agnostic, they clearly exhibit faunal breaks indicative of
environmental changes. Miocene age calls are based on
diatom (Barron, this volume), radiolarian (Reynolds,
this volume), and nannofossil (Shaffer, this volume)
biostratigraphy. Planktonic foraminifers are rare in up-
per Miocene Core 439-1, and only two specimens of
Catapsydrax unicavus were present in lower Miocene
Cores 14 and 15.

Miocene

The benthic foraminiferal assemblage present in Core
439-1 is similar to the late Miocene to Pliocene assem-
blage recovered from Site 438A (Figure 3). This as-
semblage is dominated by Uvigerina proboscida, Marti-
nottiella communis, and Nodosaria longiscata (Figure
4), suggesting that deposition occurred in lower middle
bathyal (1500-2000 m) to bathyal (2000 m +) environ-
ment. Cores 2 to 11 are barren of foraminifers. Cores 13
to 15 contain a diverse benthic assemblage consisting of
the following species characteristic of the early Mio-
cene: Uvigerina gallowayi, U. cf. hootsi, Uvigerinella
californica, Epistominelia cf. relizensis, Gyroidina ioji-
maensis, and Buccella sp. The faunal break between this
assemblage and the late Miocene assemblage in Core 1
supports a hiatus observed in the diatom stratigraphy
between Cores 11 and 12 (Barron, this volume).

Upper Oligocene

Another distinct benthic faunal assemblage occurs in
Cores 22 to 25, following a barren interval encompassed
by Sections 439-17-4 to 439-20, CC (Figure 4). This as-
semblage appears to date from the upper Oligocene and
contains many species described by Asano (1958) from
Oligocene sediments of Hokkaido; these sediments are
now considered to date from the early Miocene age. The
most commonly occurring species are Elphidium ma-
buttii, Cribroelphidium sp., Epistominella danvillensis,
Cassidulina laevigata, Bolivina substriatula, Gyroidina
iojimaensis, Cyclammina incisa, C. pacifica, and Buc-
cella sp. (Figure 4). Because Cores 26 to 37 contain very
rare and badly damaged specimens, no age determina-
tion has been possible. However, the conglomerate un-
derlying this unit yielded an argon date of 21.2+0.7
m.y. (Yanagisawa et al., this volume) and a potassium-
argon date of 23.4+5.5 m.y. (Moore and Dalrymple,
this volume), suggesting that this fauna dates indeed
from latest Oligocene to earliest Miocene.
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Distribution of Benthic Foraminifers in Holes 438A and 438B

TABLE 3

Sample (Interval in em)

Ammonia hatatatensis (Takayanagi)

by Fe iCusl

Astacolus sp,

Bolivina decussata Brady

B. marginata Cushman

B. sp.

B. spissa Cushman

Bolivinita quadrilatera (Schwager)

Buccells inugitata Andersen

B, sp.

Buliming aculeata d'Orbigny

Buliming spinifera Cushman

Buliminella exilis Brady

B. barbata Cushman

delicata Cush

B, striata d'Orbigny

C. depressa Asano and Nakamura

C. islandica Norvang

C. limbata Cushman and Hughes

C. lomitensis Galloway and Wissler

C, norcrossi Cushman

C. subglobosa Brady

C. sp.

C. translucens (Brady)

C. yabei Asano and Nakamura

Cassidulinoides parkertanus (Brady)

C. sp.

Chilastomella ovoidea Reuss

lina

Cibicides lobarulus Walker and Jacob

Hole 438A

1-1 (30-34)
22 (30-34)
24 (10-14)
24 (68-70)
20C

D—ai

=

't

=
=

20

)
o

_L Pleistocene

45 (12-16)
4CC

5-1 (100-102)
5-3 (61-64)
54 (18-22)

117

31

T-

5-5 (15-17)
CC

6,CC
7-2(20-22)
1.L£C

25

LR

8-5 (28-32)
8.cc

9.cC

104 (12-14)
10,CC

11-2 (29-33)
11,cC
12-1 (20-24)
12-2(12-14)
12,CC

[EREE

Pliocene

13-2(19-22)
134 (19-22)
142 (26-30)
145 (26-30)

20

14,CC
15-1 (16-19)
15,CC
16-4 (36-39)

6.

17,cC
182 (10-14)
184 (10-14)
18.CC
19.CC

0..c
21-2 (30-34)
245 (10-12)
24,CC
25,CC

Dissolved

26-3 (20-24)
26,CC
28,CC
30,CcC
3cc

36,CC
37.CC
38,cC
39.cC
40,CC

(X%

41,0C
444 (50-54)
44.0C
45.0C
46,CC

Dissolved

Miocene

49,CC
52,0C

56,CC
57-4 (31-35)
57,CC

61.CC
66,CC
68,0C

Hole 4388

5CC

16,CC

16-1 (84-86)
n.ec

o

Note: Preservation: P = poor, M = moderate, G = good.
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G. KELLER

TABLE 3 — Continued

Age

Sample (Interval in cm)

Lagena distoma Parker and Jones

L. elongata (Ehrenberg)

L. hispidula Cushman

L. striara (d'Orbigny)

L. striatopunctata Parker and Jones

L. sulcata Walker and Jacob

L. vulgaris Willlamson

Laticarinina pauperata (Parker and Jones)

Melonis affinis (Reuss)

M. guadalupe Parker

M. parkerae (Uchio)

M. pompilioides (Fichtel and Moll)

Martinottiells communis (d'Orbigny)

Nodosaria vertebralis (Batsch)

N. calomorpha Reuss

N. holoserica Schwager
N, longiseata d'Orbigny

N. okinoghimaensis Asano

N, tholigera Schwager

N. tosta Schwager

Nanion grateloupi (d'Orbigny)
N. labradorica (Dawson)

N. nicobarensis Cushman

Nonionella sp.

Oolina costata (Williamson)

0. globosa (Montagu)

0. hexagona (Williamson)

Oridorsalis tener (Brady)

. umbonatus (Reuss)

(St

i
e

P. foliacea (Schwager)

844

Pleistocene

Hole 438A

1-1 (30-34)
2-2 (30-34)
24 (10-14)
2-4 (68-70)
2,0C

|

4-5 (12-16)
4,0C

51 (100-102)
5-3(61-64)
54 (18-22)

(R

Dissolved

14
20
132
5

20
1
4

— =

5-5(15-1T)

12

Bew|w

85
25

~on -

LY

8-5 (28-32)
8,cC

9.cC

104 (12-14)
10,CC

— = |l

(%
P L

= b

11-2(29-33)
121 (20-24)
122 (12-14)
12.6C

22
16

L LA D [

=3

b Lk

Pliocene

132 (19-22)
13-4 (19-23)
13,0C

14-2 (26-30)
14-5 (26-30)

00—

= & |onn

[N [ RN R - Y

14,CC
15-1 (16-19)
15,0C
16-4 (36-39)
16,CC

Lol

(SRR

e

17ce
182 (10-14)
184 (10-14)
18,CC
19.€cC

o

Do b e

(P WYX

o

- —

.00
21-2 (30-34)
245 (10-12)
2400
25,CC

b

Dissolved

5 28
6

26-3 (20-24)
26,CC
28,CC
30,cC
32.CC

RS

et | =

¥

b LA | B —

18
1
1
3

[T N - S

36,CC
31cc
38,0C
39.CC
40,CC

A —

41,CC
44-4 (50-54)
44,CC

45.0C
46.0C

— -

—| - —

i | i e i

—_ - -

Miocene

49,0C
52,CC

56,CC
57-4 (31-35)
s1.cC

61,CC
66,CC
68,CC

- f—

Hole 4388
icc
16,CC
16-4 (B4-86)
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TABLE 3 — Continued
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duriculata

wlatera

fava i

Tels
ata

Age
Sample
fa i

Datum Levels
[Depth in cm)

Uvigering akitaensis
U, subperegring

Cassidufing transhicens
Bulinunella exilis
E.sp. A

E sp. B

C. yabe:

Bolivinita i
Srilostome

Bu
Elf

la cominis

Benthic Foraminifers
in Total Foraminiferal Fauna
1%}

Mo, Benthic Species

Characteristic
Faunal Assemblages

Melonis affinis

0.25 43BA-1-1 (30
N 22 (30)
2.4 (10)
2.4 (68)
2,CC

= Elphidium batialis

o
Zo
o @
. ;
Pleistocene

09 » as(11
50— 2.0 o 4,cC
22F 53 (61)
54(18)
55 (15) |

6. CC ) | )
72 1200 |
7.cC
8, cC
10,
30, 0, cc

1549 "% nzEe | * [ )
11,cC
12-1 (20} | | ‘ | | |
12:2 (12)
12,¢C | l

132 (19)
13419
13,cc

14-5 (26),

Pliocene

Sub-bottom Depth {m}

14, cC |
200-‘ 15,CC |
16-4 (36)
16, CC |
17.¢cC

I
| 182010) i
18, CC T
24,CC [

25,CC
263 (20) | |
- 26, CC

00| 40F

4

[ 5
) U"\L»NVL,A JH \ { D g

28, CC

30,CC !
32,CC
66 38, CC
D 39,CC

(m]
=>2000, <2500

I ao.cc
a1,cc |
44.4 {50) (%) |
44,cC <10
45, CC 10-18

450 7.0,

7.0N

—_— o ——
A

46, CC 20-29
48, CC 30-39
52,CC 40-49
56, CC >80

57, CC

Upper Miocene

560—

Figure 3. Range and relative abundance of dominant species, total number of benthic species, and percentage of ben-
thic foraminifers in total foraminiferal fauna in Hole 438A. (D = diatom [Barron, this volume], N = nannofossil
[Shaffer, this volume], R = radiolaria [Reynolds, this volume], F = planktonic foraminifera [Keller, this volume].)

Upper Cretaceous

Sediments in Sections 439-37-2 to 439-39, CC consist
of well-indurated silicified claystone interbedded with
thin calcareous silt beds. This lithologic unit is separated
from the overlying massive sandstone of upper Oligo-
cene age by 48 meters of mud-supported conglomerate.

Examination of large samples (100 cc) of the silicified
claystone produced an arenaceous fauna of probable
Upper Cretaceous age. Five genera have been identified:
Haplophragmoides, Ammobaculites, Ammodiscus (Spiri-
lina), Bathysiphon, and Lenticulina (Figure 4). Poor
preservation permitted only the following three species
to be identified positively: Ammodiscus (Spirilina) hashi-

846

motoi Takayanagi, Ammodiscus (Spirilina) cretacea
(Reuss), and Haplophragmoides cf. formosus Takayanagi.

Some 80 specimens were found in two samples, 439-
38-1 (20-30 cm) and 439-39-1 (10-50 cm); among these
Ammodiscus cretacea is most commonly present. Ami-
modiscus hashimotoi, A. cretacea, and Haplophrag-
moides cf. formosus have been observed by Takayanagi
(1960) from the Upper Cretaceous of Hokkaido (middle
to upper Yezo Group = Cenomanian to Campanian).
Haplophragmoides cf. formosus has not been observed
in sediments younger than Upper Cretaceous (Sliter,
1978). All three species and the above-mentioned genera
have also been observed by Sliter (1968) in the Rosario
Formation (Upper Cretaceous) of southern California,
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Age
Sample
{Depth in cm)

Globabulimina auriculata |Bailey)

G. avila (d'Orbigny)

Epistominella cf. relizensis Klrinpall
Ropolus sp.

Martinattiella communis (d'Orbigny)
Bulimina striata Cushman

Dentalina pauperata d'Orbigny
Elphidium bartletti Cushman

U. cf. hootsi Rankin

U. gallowayi Cushman
U, sp.

Anomaling evolutus

Uigerinelia califarnica Cushman

Haplaphragmaides cf. formosa Takayanagi
sp,

Gyroidina iojimaensis Asano and Murata
Cassidulina cf. islandica Norvang

Darothia sakasegawaensis Asano and Murata
Eprstominelfa danvillensis Howe and Wallace

Bolivina substriatula Asano
C. laevigata d'Orbigny
Cyclammina incisa Stache
Elphidium mabuttii Asano
Cribiroelphidium sp.
Reophax tappuensis Asano
Ammaobacculites sp.

A, eretacea (Reuss)

A. hashimotoi Takayanagi

C. pacifica Beck
Recraboliving sp.
Anomalina sp.
Ammodiscus sp.
Bathysiphon sp.
Lenticulina sp.
A

Buccella sp.
C. sp.

w—{ Gyroidina orbicufaris (d'Orbigny)
__| Nodosaria longiscata d"Orbiany
—| Sphaeroidina bulloides d'Orbigny
d Uvigerina proboscidae Schwager

— | Eggerefla bradyi {Cushman)
| Oridorsalis umbonatus (Reuss)

___| Pyrgo depressa (d'Orbigny)

4391, CC
2,¢C
11,cC
12, CC |
132, {113)
13, CC
14-2 (115)
15-2 {17)
15-4 (78)
15, CC

Barren

| [

—

Lower Miocene

|
—

i

-

17-3(12) ]
18, €C
20, CC
21-2 (76)
22.3(117)

Barren

| |

22.4 (35)
22.5 (82)
226 (12)
22-6 (145)
24.4 (25)

|

(I .

24, CC
25-2 (71)
25, CC
28, CC
30, CC

Upper Oligocene

Barren

T ﬂ

31, cc
32, CC
37,CC
_ | 3812030
I:E’:E; 391 (10-50)

Barren
(%)
<10
10-20
220

T

[T

Figure 4. Range, distribution, and relative abundance of benthic foraminifers in Hole 439.

Site 440

Site 440 is located on the midslope terrace at a water
depth of 4509 meters (Figure 1). More than 800 meters
of sediments were cored in three holes, representing uni-
form hemipelagic siliceous mudstones similar in compo-
sition to sediments at Sites 438 and 439 farther upslope.
These sediments represent relatively discontinuous late
Miocene to Pleistocene benthic faunas similar to those
at Site 438. Table 4 provides a qualitative abundance
chart for benthic foraminifers recovered from Site 440.
Ranges and relative abundance of important species are
presented in Figure 5.

Site 440 contains a more expanded upper Pleistocene
sequence than that recovered at Site 438. Though simi-
lar to those at Site 438, they also include a number of
deeper-water species reflecting the deeper-water loca-

tion of Site 440. The following species are dominant:
Buliminella exilis, Cassidulina depressa, C. norcrossi,
Elphidium batialis, Elphidium sp. A, Elphidium sp. B,
Globobulimina auriculata, Nonion labradorica, Nonio-
nella sp., Melonis pompilioides, and Uvigerina sentico-
sa. There are a number of shallow-water species, indica-
ting that downslope transport occurred throughout this
late Pleistocene sequence: Ehrenbergina compressa,
Pullenia sphaeroides, Sigmoilina sp., Bolivina decus-
sata, B. seminuda, Cassidulina islandica, C. yabei, Cas-
sidulinoides parkerianus, Cibicidoides aknerianus, El-
phidium subincertum, Gyroidina orbicularis, and Quin-
queloculina sp. (Table 4). Of the shallow-water species,
Ehrenbergina compressa is most common and reaches
10 per cent in Sample 440-8,CC (Figure 5).

Because dissolution of foraminifers is severe through-
out the Pliocene to the early Pleistocene, there is low
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sp., and Sigmoilina sp. indicate that some downslope
displacement of sediments occurred throughout this se-

quence.

deep-water species are characteristically present during
this interval: Melonis pompilioides, M. affinis, Uvige-
rina senticosa, U. proboscidae, U. hispida, Martinot-

abundance and low diversity of species. The following
tiella communis, and Nodosaria longiscata. Rare occur-

PALEOBATHYMETRY
Paleobathymetric interpretations of benthic foramin-
ifers are made from known depth ranges of living spe-

rences of the relatively shallow-water species Ehrenber-

gina compressa, Cyroidina orbicularis, Quinqueloculina
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cies. It is assumed that species resided within the same
depth environment throughout their biostratigraphic
range, and although such an assumption is in general
valid, there are exceptions. For instance, until recently it
had been assumed that all species of Elphidium inhabit
shallow neritic environments; now we know that at least
one late Pleistocene to Recent species of Elphidium (E.
batialis) lives in deep waters (1000 m-2000 m) in the
Northwest Pacific (Matoba, 1976; Ishiwada, 1964; Said-
ova, 1961). Similar changes in depth range may have oc-
curred in the past also. A further problem of interpreta-
tion derives from the fact that some species inhabit dif-
ferent depth ranges in different parts of the oceans,
where they are influenced by changes in subsurface cir-
culation and water mass properties. This is particularly
true of the Japan Trench area, where water mass condi-
tions are complicated by the mixing of the warm water
Kuroshio and cold water Oyashio currents. In addition,
it must be kept in mind that the reliability of bathymet-
ric interpretation decreases downcore — that is, with in-
creasing age because of an increase of species that are
now extinct. Despite these problems bathymetric inter-
pretations can be made with relative accuracy within a
certain depth range provided dominant species of known
depth range are used.

In the following discussion on paleobathymetric in-
terpretation of Leg 57 sites, depth of deposition has
been inferred from the dominant (> 10 per cent) species
present. Downslope displacement is inferred from the
presence of shallow-water (<500 m) species within
deep-water (1500-2000 m) assemblages. The following
publications on depth ranges of species have been used:
Matoba (1976), Berggren et al. (1976), Saidova (1961),
Ingle (in press), Ingle, et al. (in press).

The Upper Cretaceous to Pleistocene bathymetric
history of the Japan Trench area has been interpreted
from benthic foraminiferal assemblages recovered from
Sites 438 and 439. (Site 440 has been omitted in this inter-
pretation because of its deep-water location [4509 m].)
These two sites have been chosen for their proximity —
they are 5§ km apart — similar seismic profiles, similar
water depths (1550 m and 1656 m, respectively), and
complementary biostratigraphic and faunal records span-
ning the Late Cretaceous to the late Tertiary. Species
known to be living within a definite depth range are
listed in Table 5 along with a schematic paleobathymet-
ric interpretation of the faunal assemblages. In the fol-
lowing discussion paleobathymetry will be discussed in
chronological order.

The Upper Cretaceous benthic foraminiferal assem-
blage (Table 5) recovered from the hard, dark, silicified
claystone indicates a deep bathyal environment (Sliter,
personal communication). The silicified claystone, in-
terpreted to be a fine-grained turbidite, is also a charac-
teristic deep-water deposit. Overlying an erosional sur-
face of this unit is a thick conglomerate (48 m) consist-
ing mainly of porphyritic dacite boulders and occasional
clasts of the underlying Upper Cretaceous unit. This
Cretaceous/Tertiary unconformity is well known from
land sections in Japan (Ishiwada and Ogawa, 1976). The
absence of marine fossils within the conglomerate leads

BENTHIC FORAMINIFERS AND PALEOBATHYMETRY

us to speculate that formation of this unit may have
been subaerial or in very shallow waters. This specula-
tion gains some support from the benthic foraminiferal
assemblages recovered in the overlying sandstone of up-
permost Oligocene age (Table 5), which indicate that de-
position occurred in a shallow (<500 m) shelf to upper
bathyal environment. Indeed, abundance of Elphidium
mabuttii, Cribroelphidium sp., Buccella sp. Cassiduli-
na, and Epistominella danvillensis suggests that deposi-
tion may have been in shallow shelfal waters. The
presence of abundant gastropods and pelecypods sup-
ports this interpretation. However, in conflict with this
view is the presence of several arenaceous foraminifers
such as Cyclammina and Reophax (Figure 4), which at
present inhabit deep waters (1500-2000 m).

A fine-grained turbidite sequence containing an up-
per middle bathyal biofacies (Table 5) of lower Miocene
age overlies the upper Oligocene sandstone and indi-
cates a gradual subsidence of the sea floor. Diatom
faunas indicate a hiatus during late early Miocene to
middle Miocene (Barron, this volume). No foraminif-
eral data are available for the middle Miocene interval.
By the late Miocene subsidence had reached lower
bathyal (>2000 m+) depth. Pliocene to Pleistocene
benthic assemblages indicate that gradual shallowing
occurred from lower bathyal to lower middle bathyal
depth (2000 m + — 1500 m) during this time.
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Bathymetric Distribution of Dominant Benthic Species at Sites 438 and 439 and Schematic Interpretation of Paleobathymetry

TABLE 5
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PLATE 1
(Bar represents 300 um for Figure I;
bars represent 100 um for Figures 2-17.)

Figure 1 Nodosaria vertebralis (Batsch). Sample 438A-7,
CC. Upper Pliocene.

Figure 2 Dentalina subsoluta (Cushman). Sample 438A-12-1
(20 cm). Pliocene.

Figure 3 Dentalina frobisherensis Loeblich and Tappan.
Sample 438A-12-1 (20 cm). Pliocene.

Figure 4 Stilostomella hayasakai (Ishizaki). Sample 438A-12-1
(20 cm). Pliocene.

Figure 5 Nodosaria holoserica Schwager. Sample 438A-11-2
(29 c¢cm). Pliocene.

Figure 6 Stilostomella fistuca Schwager. Sample 438A-4,
CC. Upper Pliocene.

Figure 7 Stilostomella lepidula (Schwager). Sample 438A-4,
CC. Upper Pliocene.

Figure 8 Eggerella bradyi Cushman. Sample 438A-39,CC.
Upper Miocene.

Figure 9 Kareriella bradyi Cushman. Sample 438A-12-1 (20
cm). Pliocene.

Figure 10 Kareriella bradyi Cushman. Sample 438A-38,CC.
Upper Miocene.

Figure 11 Plectofrondicularia foliacea (Schwager). Sample
438A-4,CC. Upper Pliocene.

Figure 12 Martinottiella communis (d’Orbigny). Sample 438A-7,
CC. Upper Pliocene.

Figure 13 Plectofrondicularia advena (Cushman). Sample
438A-4,CC. Upper Pliocene.

Figure 14 Bolivinita quadrilatera (Schwager). Sample 438A-4,
CC. Upper Pliocene.

Figure 15 Buliminella exilis Brady. Sample 438-1-2 (115 cm).
Upper Pleistocene.

Figure 16 Bulimina aculeata d’Orbigny. Sample 438-2-4 (70
cm). Upper Pleistocene.

Figure 17 Bulimina barbata Cushman. Sample 438A-38,CC.
Upper Miocene.
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PLATE 2

(Bars represent 100 pm for all figures except 10 and 11,

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

Figures 6, 7

Figures 8, 9

Figures 10, 11

Figure 12

Figure 13

Figures 14-16

where bars represent 50 pm.)

Globobulimina auriculata (Bailey). Sample 438-1-2
(115 cm). Upper Pleistocene.

Bulimina striata d’Orbigny. Sample 438A-11-2 (29
cm). Pliocene.

Laticarinina pauperata (Parker and Jones). Sam-
ple 438A-11-2 (29 cm). Pliocene.

Ehrenbergina compressa Cushman. Sample 438A-
11-2 (29 cm). Pliocene.

Valvulineria araucana (d’Orbigny). Sample 438A-4,
CC. Upper Pliocene.

Chilostomellina fimbriata Cushman. Sample 438-
2-4 (70 cm). Upper Pleistocene.

Cassidulina norcrossi Cushman. Sample 438-2-4
(70 cm). Upper Pleistocene.

Cassidulina islandica Norvang. Sample 438-1-2
(115 cm). Upper Pleistocene.

Planulina wuellerstorfi (Schwager). Sample 438A-8,
CC. Upper Pliocene.

Cassidulinoides parkerianus (Brady). Sample 438-
2-7 (70 cm). Upper Pleistocene.

Gyroidina lamarkiana (d’Orbigny). Sample 438A-8,
CC. Upper Pliocene.
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PLATE 3

(Bar represents 100 pm for all figures except 15 and 16,

Figures 1-3

Figures 4-6

Figures 7, 8

Figures 9, 10

Figures 11, 12

Figure 13

Figure 14

Figures 15, 16

where bar represents 50 pm.)

Buccella inusitata Andersen. Sample 438A-8,CC.
Upper Pliocene.

Epistominella pacifica (Cushman). Sample 438-
1-2 (115 c¢m). Upper Pleistocene.

Nonionella sp. Sample 440-4-5 (130 cm). Upper
Pleistocene.

Nonion labradoricum (Dawson).
9. Sample 438A-11-2 (29 cm). Pliocene.
10. Sample 438-1-2 (115 cm). Upper Pleistocene.

Melonis pompilioides (Fichtel and Moll). Sample
438A-7,CC. Upper Pliocene.

Melonis affinis (Reuss). Sample 438-3-4 (43 cm).
Pleistocene.

Elphidium clavatum (Cushman). Sample 438A-
5-3 (61 cm). Upper Pliocene.

Elphidium subincertum Asano. Sample 438-2-4
(70 cm). Upper Pleistocene.
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Figures 1-3

Figure 4

Figures 5-7

Figure 8

Figures 9, 10

Figures 11, 12

Figure 13

PLATE 4
(Bar represents 100 pm.)

Elphidium sp. A. Sample 438-2-4 (70 cm). Upper
Pleistocene.

Elphidium batialis Saidova. Sample 438-4,CC.
Upper Pleistocene.

Elphidium sp. B. Sample 438-3-4 (43 cm). Upper
Pleistocene.

Elphidium batialis Saidova. Sample 438-3-2 (28
cm). Upper Pleistocene.

Uvigerina akitaensis Asano. Sample 438-1-2 (115
cm). Upper Pleistocene.

Uvigerina yabei Asano.
11. Sample 438-3-2 (28 cm). Upper Pleistocene.
12. Sample 438-1-2 (115 cm). Upper Pleistocene.

Uvigerina cf. yabei Asano. Sample 438-1-2 (115
cm). Upper Pleistocene.
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Figure 1

Figure 2

Figures 3-5

Figures 6-8

Figures 9, 10

Figures 11, 12

Figure 13

Figure 14

PLATE 5
(Bar represents 100 pm.)

Uvigerina yabei Asano? Sample 438-1-2 (115 cm).
Upper Pleistocene.

Uvigerina peregrina dirupta Todd. Sample 438A-
5-3 (61 c¢cm). Upper Pliocene.

Uvigerina juncea Cushman and Todd. Sample
438-2-4 (70 cm), 438-3-2 (28 c¢cm). Upper Pleisto-
cene?

Uvigerina senticosa Cushman. Sample 438-2-4 (70
c¢m), 438-3-2 (28 ¢cm). Upper Pleistocene?

Angulogerina occidentalis (Cushman). Sample
438A-39,CC. Upper Miocene.

Uvigerina proboscidae Schwager. Sample 438A-38,
CC. Upper Miocene.

Uvigerina sp. Sample 439-13,CC. Lower Miocene.

Uvigerina cf. hootsi Rankin. Sample 439-15,CC.
Lower Miocene.



BENTHIC FORAMINIFERS AND PALEOBATHYMETRY

PLATES




G. KELLER

864

PLATE 6

(Bar represents 100 um for all figures, except 7 and 8, where

Figure 1

Figures 2-4

Figures 5, 6

Figures 7, 8

Figures 9, 10

Figure 11

bar represents 30 pm.)

Bolivina substriatula Asano. Sample 439-24,CC.
Upper Oligocene.

Elphidium iofimaensis Asano and Murata. Sam-
ple 439-22-3 (117 cm). Upper Oligocene.

Cribroelphidium sp. Sample 439-22-3 (117 cm).
Upper Oligocene.

Epistominella danvillensis Howe and Wallace.
Sample 439-24,CC. Upper Oligocene.

Ammodiscus (= 7 Spirillina) cretacea (Reuss).
Samples 439-38-1 (20-30 cm), 439-39-1 (10-50
cm). Upper Cretaceous?

Ammodiscus (= ? Spirillina) hashimotoi Taka-
yanagi. Sample 439-39-1 (10-50 ¢cm). Upper Creta-
ceous.
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