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ABSTRACT

Sediments containing foraminifers were penetrated at all three
sites drilled during DSDP Leg 56 as the first part of a Japan Trench
transect. Two sites were on the inner wall of the trench (Site 435,
3401 m; Site 434, 5986 m), and one was on the oceanic plate east of
the trench (Site 436, 5240 m). Because the lysocline in this area is at
about 2000 meters and the calcite-compensation depth is at about
3500 meters, calcareous foraminifers are generally not abundant in
the sediments; however, the biostratigraphy based upon planktonic
foraminifer faunas agrees with that based predominantly upon
siliceous microfossils from the sites. Hole 435A yielded the oldest of
the planktonic foraminifers from the three sites.

Two plankonic foraminifer lineages were particularly important
in determining the biostratigraphy of the sites. The Neogloboquad-
rina asanoi-kagaensis-himiensis-eggeri lineage underwent rapid evo-
lution around the Pliocene-Pleistocene boundary and is widely rec-
ognized in the oil-producing region of northern Japan and in the
northwest Pacific. Second, the Globorotalia orientalis-inflata prae-
inflata-inflata inflata lineage evolved during the Pliocene; tests of
these species are very resistant to dissolution. During the Pleistocene,
individuals of Neogloboquadrina pachyderma preferentially coiled
sinistrally in the cold waters north of the subarctic boundary and
dextrally in temperate waters south of it. The ratio of these two
forms was used to identify relative motions of near-surface waters of
the Kuroshio and Oyashio Currents in the transect area in response
to Quaternary climatic fluctuations.

Benthic foraminifers characteristic of modern surface sediments
were used to interpret uplift and plate motions of the Japan Trench
as recorded at Leg 56 sites. Materials from the DSDP sites and from
piston cores taken elsewhere in the region permitted extension of the
foraminifer bathymetry of Matoba (1977) to the bottom of the Japan
Trench; the lower bathyal, abyssal, and hadal biofacies are recog-
nized. The sediments of the oceanic plate have a benthic foraminifer
fauna distincly different from that of the inner trench wall at com-
parable depths. There is no evidence from these contrasting faunas
to indicate that sediments of the oceanic plate are added to the land-
ward trench wall during subduction.

Manganese micronodules recovered from pelagic clay at Site 436
contained external models of Paleogene(?) juvenile planktonic fora-
minifers. That the tests of these foraminifers did not dissolve before
the manganese was deposited is significant to theories of manganese-
nodule formation.

Two new foraminifer species, Globorotalia wilesi and Silicosig-
moilina splendida, are named.

INTRODUCTION trench slope (Sites 438 and 439). We suspected that, in
accord with observations at other trenches, sediments of

The DSDP transect across the Japan Trench (Legs 56 the oceanic plate were being scraped off during subduc-
and 57) was designed to sample representative sections tion, forming an accretionary wedge at the foot of the
of contrasting elements of this tectonically active mar- landward wall. Foraminifer studies were intended to
gin, including the oceanic plate (Sites 436 and 437), the provide (1) planktonic foraminifer ages to determine ac-
base of the landward trench wall (Sites 434 and 441), cumulation rates and to identify stratigraphic gaps
the mid-slope terrace (Sites 435 and 440), and the inner within the sections, and (2) benthic foraminifer data
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which would help us interpret bathymetric history and
identify sediments displaced downslope on the landward
trench wall or scraped from the oceanic plate.

This report deals with the foraminifers from Sites
434, 435 and 436, inclement weather prevented coring at
Site 437; foraminifers of Sites 438-441 (Leg 57) are
treated by Keller (this volume). Figure 1 shows Leg 56
sites and sites of piston cores from which supplementary
material was obtained. Table 1 lists coring-site locations
and corresponding water depths. These cores were taken
slightly north of the confluence of the warm, north-
ward-flowing Kuroshio Current and the cold, south-
ward-flowing Oyashio Current. Tully (1964) reported
that the position of this confluence is highly variable
and depends upon the relative seasonal strength of the
two currents. The presence of one or the other of these
currents offshore directly affects the climate of the
Pacific coast of Japan today, and numerous studies
have suggested profound climatic fluctuations since the
middle Miocene.

METHODS AND MATERIALS
All samples (one 10-cm3 sample per section were ini-

tially processed aboard the Glomar Challenger im-
mediately after the cores were opened. At that time, the
interstitial moisture of the sediments allowed washing
with tap water alone, although several samples later
were cleaned more thoroughly with hydrogen peroxide
and Calgon. I wet-sieved the samples on a 44 µm screen
and dried the residues in an oven at 100°C. In a few in-
stances, trichloroethylene was employed for heavy-
liquid separation of the foraminifers from heavy
minerals. The samples were dry-seived at the time of ex-
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TABLE 1
Locations of Coring Sites near the Japan Trench

Water Depth
Core Site Latitude Longitude (m)

Site 434
Site 435
Site 436
RC12-164
RC12-165
RC12-166
RC12-167
RC12-169
RC12-170
V 28-283
V 28-284
V 32-141
V 32-142
V 32-144
V 32-165

V 32-166

39°
39°
39°
36°
37°

38°
40°
43°
42°
41°

38°
37°
40°
41°
39°

39°

44.76'N
44.09'N
56.96'N
27'N
05'N
49'N
45'N
00'N
39'N
15'N
33'N
50'N
23.5'N
33'N
54'N

28'N

144°
143°
145°
141°
143°
145°
144°
146°
148°
143°

143°
146°
145°
143°
145°

144°

06.12'E
47.5 3'E
33.47'E
5 3'E
5l'E
45'E
37'E
04'E
12'E
09'E
34'E
54'E
5 3'E
19'E
56'E

00'E

5986
3401
5240
2319
6485
5243
7425
1845
7240
2158
2803
5359
5169
1054
5174

4673

Figure 1. Locations of DSDP Leg 56 sites and cores
from Lamont-Doherty Geological Observatory col-
lection. Bathymetric contours in meters.

amination, and all specimens greater than 149µ were
counted.

In order to better interpret benthic foraminifer fau-
nas, the tops of several piston cores in the Lamont-
Doherty Geological Observatory core collection from
the same region have been processed and picked also.

Important taxa are illustrated in Plates 1 through 9.

BIOSTRATIGRAPHY OF PLANKTONIC
FORAMINIFERS

Latitudinal faunal gradients in the North Pacific
brought about by climatic deteriorations since the mid-
dle Miocene have created biostratigraphic problems.
Ecological restrictions have produced distinct bioprov-
inces that make correlation using the standard (equa-
torial) zonal scheme of Blow (1969) difficult. For exam-
ple, Blow's zone N. 20 (Globorotalia multicamer-
ata-Pulleniatina obliquiloculata Partial Range Zone)
cannot be recognized at temperate or higher latitudes,
because the two characteristic tropical species are absent
(see Vincent, 1975; Keller, 1978). As a result, Shinbo
and Maiya (1971), dealing with the oil-producing areas
of northern Japan, proposed a set of foraminifer zones
for regional correlations. Many of the taxa used by
Shinbo and Maiya are found also in cores from the
northwest Pacific (Maiya et al., 1976). Many of these
taxa have been used in this paper (Figures 2 and 3).

Ikebe et al. (1972, 1977) correlated the Neogene
marine sections of Japan and recognized that the assort-
ments of datum levels and zones of southwestern Japan
are intergradational with those in northern Japan based
on different species (see Figure 2).

Western Pacific planktonic foraminifer datum levels
and changes in coiling direction {Pulleniatina and Neo-
globoquadrina pachyderma) from late Pliocene to
Holocene have been identified precisely in paleomagnet-
ically dated Lamont-Doherty piston cores ranging from
equatorial through temperate to northern subpolar
latitudes (Figure 3; Thompson, 1976, 1977, 1978). Many
of the events are widely recognized in the North Pacific
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Figure 2. Biostratigraphic zonations and datum levels of the Pacific compared with
Leg 56 planktonic foraminifer datum levels. Upward-pointing triangles denote
extinctions; downward-pointing triangles denote appearances; sideways-pointing
triangles mark coiling changes. Abbreaviations for genera: Ga Globigerina, Gd
Globoquadrina, Gs Globigerinoides, Gt Globorotalia, N Neogloboquadrina, P
Pulleniatina, S Sphaeroidinella, T Turborotalita. Location (core-section) of dia-
tom-zone boundaries (Harper, this volume, after Koizumi, 1975) are marked on
the Leg 56 cores, along with the top datum o/Martinottiella. The correlation of
datum levels and zones with the paleomagnetic time scale is after Ryan et al.
(1974).
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Figure 3. Planktonic-foraminifer biostratigraphy for western-Pacific piston cores
compared with Site 435. Coiling of Pulleniatina and N. pachyderma have been
generalized.
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because of the intense circulation of the Kuroshio Cur-
rent, which has introduced tropical forms to temperate
regions. In late-Cenozoic sediments, the Globorotalia
tosaensis extinction datum (0.59 Ma) and the G. trun-
catulinoides appearance datum (~ 1.65 Ma) (Thompson
and Sciarrillo, 1978), as well as the Sphaeroidinellopsis
extinction datum (3.0 Ma), are widely recognized.

The coiling-direction history of TV. pachyderma is dif-
ferent on either side of the subarctic boundary (defined
by the northern edge of the Kuroshio Current east of
Japan).

North of the front, populations of TV. pachyderma
coiled dextrally before 1.0 to 1.2 Ma, when they were
succeeded by sinistrally coiling populations which have
persisted to the present (Kent et al., 1971). A similar
pattern was observed in the oil-producing provinces of
northern Japan by Maiya et al., (1976), who interpreted
the shift as showing the onset of mid-latitude climatic
fluctuations in the northern hemisphere.

South of the subarctic boundary, the coiling direction
of TV. pachyderma has been predominantly dextral since
the early Pliocene, except during times of southward
displacement of the subarctic boundary (Thompson and
Shackleton, 1979). During the last 3 m.y., among
populations of the north temperate region, there have
been eight major shifts toward sinistral coiling, six
within the Brunhes magnetic-polarity epoch (Figure 3).
Those in the Brunhes coincide with oxygen-isotope
stages 2, 4, 6, 8, 12, and 16 of Shackleton and Opdyke
(1973); no coiling-direction change has been identified
with stages 10 and 14.

Cores from DSDP Site 435, near the Kuroshio-
Oyashio confluence, and also above the carbonate-com-
pensation depth, show a TV. pachyderma coiling-direc-
tion history which reflects an alternation of warm and
cold waters in the area through time. In the Pliocene,
populations of TV. pachyderma are dextral (Figure 3).
Near the base of the Pleistocene, there is a shift to in-
creasing numbers of sinistral forms, although the total
number of individuals is small and preservation is poor.
Cores 435-5 and 435-6 show the influence of cold waters
at this site, and very large numbers of sinistral forms
continue upward through Core 435-2. Specimens from
Core 435-1 are evenly divided between sinistral and dex-
tral, suggesting a lessening of cold-water influence since
the last glacial age.

In the northwest Pacific, the Pliocene-Pleistocene
boundary can be identified with the useful but apparent-
ly local lineage Neogloboquadrina asanoi-N. kagaen-
sis-N. himiensis-N. eggeri. Maiya et al. (1976) placed
these four species in Globoquadrina, on the basis of the
large, robust test and occasional toothlike umbilical
flap. Bandy et al. (1967) erected the genus Neoglobo-
quadrina for tropical and subtropical members of this
morphological group which had evolved from a globor-
otaliid ancestor rather than a globoquadrinid. Sedi-
ments from the northwest-Pacific region which should
bear the unknown ancestor to the species asanoi are
typically barren of planktonic foraminifers. My ex-

amination of scanning electron micrographs of the sur-
face ultrastructures of these forms disclosed that the
asanoi group had a cortical thickening and pore-pit
structure similar to that found in tropical Neoglobo-
quadrina, as in N. humerosa and N. dutertrei (= N. eg-
geri of many authors). On this basis I have placed the
northwest-Pacific asanoi lineage into Neogloboquad-
rina.

Two main evolutionary trends occur in the N. asanoi
lineage. First, there is a gradual increase in the number
of chambers in the final whorl, from four in N. asanoi
to five or six in TV. eggeri. The additional chambers per-
mit a second change, a modification of the equatorial
profile from subrhomboidal to subquadrate and finally
subcircular in late phylogenetic stages (Maiya et al.,
1976). Many individuals show a distinct protrusion of
the early whorls above later ones on the spiral side
(Plate 3, Figure 9b).

An unresolved problem in the taxonomy of this
group centers about TV. eggeri: it developed from the TV.
asanoi lineage in the northwest Pacific (Maiya et al.,
1976) at the same time the same morphotype (called TV.
dutertrei dutertrei Group A) developed in subtropical
latitudes from the TV. acostaensis-humerosa lineage
(Srinivasan and Kennett, 1976).

In northwest-Pacific sediments, the extinction of TV.
asanoi is associated with the early Olduvai magnetic-
polarity event (Matuyama epoch), and also with a major
peak of sinistral coiling in TV. pachyderma (Figure 3).
The extinctions of TV. kagaensis and TV. himiensis, as
well as the first appearance of TV. eggeri, are poorly
resolved because of dissolution and bioturbation in
deep-sea piston core RC10-161 from the Shatsky Rise
(Maiya et al., 1976; Thompson, unpublished data).
These events, however, are closely associated with the
first appearance of G. truncatulinoides near the Plio-
cene-Pleistocene boundary.

DSDP Site 435 has a higher sedimentation rate than
RC10-161, which, in principle, should permit better
separation of sequential biostratigraphic events. The
highest occurrence of TV. asanoi is in Section 435-6-3,
the first occurrence of G. truncatulinoides in Section
435-6, CC, and the first TV. eggeri in Section 435-6-3 also
(Table 2). Forms referrable to TV. kagaensis or TV. hi-
miensis are so sporadic in Cores 435-9 to 435-14 that no
reliance is placed on their ranges. The "top" occurrence
of TV. asanoi in Cores 435-8 and 435-9 is in agreement
with the placement of the Pliocene-Pleistocene bound-
ary in Section 435-9-2 on the basis of diatoms. Use of G.
truncatulinoides and TV. eggeri causes conflict by placing
the boundary in Core 435-6. Populations of sinistrally
coiled TV. pachyderma in this interval mark the invasion
of subarctic waters into this area. This event is recorded
in other deep-sea sediment sections in association with
the early Olduvai magnetic-polarity events. By the time
this cold pulse subsided (Cores 435-6 and 435-7), G.
truncatulinoides had already evolved elsewhere. The
next sinistral-coiling peak of TV. pachyderma in the
lower part of Core 435-6 is correlated with peak C of
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TABLE 2
Planktonic Foraminifers at DSDP Site 435

Sample
(interval in cm)

435-1-2, 33-35
1-3,33-35
1-5,33-35
1-6,33-35
l.CC.8-10
2-1,12-14
2-2, 12-14
2-3, 12-14
2-4, 12-14
2-5, 12-14
2-6, 12-14
2, CC, 6-8
4-1,22-24
4-2, 22-24
4-2, 25
4-3,22-24
44, 22-24
4, CC, 4-6
5-1, 12-14
5-2, 12-14
5-3, 12-14
54, 12-14
5-6, 12-14
5.CC, 11-13
6-1,30-32
6-2, 30-32
6-3,30-32
6-4, 30-32
6-5,30-32
6-6,22-24
6-7,9-11
6, CC, 16-18
7-1,30-32
7-3, 30-32
7-5,35-37
8-1,4547
8-3,4143
9-3,35-37
9, CC, 6-8
10-2,63-65

435-10, CC, 18-20
11-1,58-60
12-1,65-67
12-2, 32-34
13-1,20-22
13-3,20-22
134, 20-22
13-5, 18-20
13,CC,0-2
14-1,3840
14-2, 38-40
14-3, 38-40
14, CC, 10-12
15-1,24-26
15-2, 24-26
15-3, 24-26
16-1,50-52

435A-2-1, 15-17
3-3, 10-12
34, 10-12
4-2, 24-26
4-3, 24-26
5-1, 18-20
5-3, 18-20
6-1,21-23
6-3,21-23
9-2, 37-39

11-1,30-32
11-3,30-32
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Maiya et al. (1976), dated at 1.0 to 1.2 Ma. At this time,
the occurrence of N. αsαnoi in Core 435-6 is relegated to
reworking.

Vincent (1975) found the Globorotαliα miozeα-G.
conoideα-G. conomiozeα-G. sphericomiozeα-G. punc-
ticulαtα-G. inflαtα lineage to be useful biostratigraphi-
cally in Pliocene temperate-latitude sediments east of

the present area. However, as had happened with the N.
αsαnoi lineage just discussed, a local lineage terminating
with G. inflαtα can be found in the vicinity of the
northern-Japan oil-producing region. Maiya et al. (1976)
gave this lineage as G. orientαlis-G. inflαtα prαein-
flαtα-G. inflαtα inflαtα. They proposed G. αdαmenteα
Saito as a possible ancestral form, but this middle-
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Miocene form and the intervening phylogenetic events
have been lost in the "planktonic foraminifer barren
zone" of the record (Figure 2).

In samples from the lower part of Hole 435A (Plate
5, Figures 6-11; Table 2), and particularly in Core
435A-6, I found specimens I consider to be mor-
phologically intermediate between those figured by Vin-
cent (1975, pi. 2, figs. 9-21) as G. sphericomiozea and
G. conoidea. They also resemble G. suterae of Echols
(1973, pi. 1, figs. 12?, 13, not 14). The specimens from
Hole 435A are slightly elliptical in equatorial profile,
like G. conoidea, but lack the imperforate carina; there
are usually five chambers in the final whorl, as in G.
suterae, but the umbilical side is less inflated. In this
respect, they are close to G. puncticulata of Deshayes
(fide Ellis and Messina, 1940 et seq.) prior to the
designation of a lectotype by Banner and Blow (1960).
Maiya et al. (1976) and Maiya (pers. comm.) have pro-
posed G. ikebei for individuals morphologically like
those from Hole 435A. Regardless of the specific name
we attach to these very similar morphotypes, they are
restricted to the early Pliocene over much of the North
Pacific, making them important guide fossils worthy of
more careful study.

Biostratigraphic events before the late Pliocene are
difficult to recognize in my transect sites because of the
poor preservation of planktonic foraminifers. I have
used the datum levels of Maiya (1975) to characterize
this interval (Figure 2), and the resolution for Hole
43 5A is limited to those specimens recovered (Table 2).
Without accompanying last appearances, it seems un-
wise to allow only the rare occurrences of taxa used for
first-appearance datum levels to define the biostrati-
graphy at the base of the hole. If the extinction of G.
nepenthes can be used to identify the Miocene-Pliocene
boundary in this area, as it has been used elsewhere in
the North Pacific (Figure 2), Hole 435A did not reach
the Miocene.

FORAMINIFER BATHYMETRY

Benthic foraminifers constitute the vast majority of
specimens I picked from the Leg 56 samples. The down-
core faunal variations by themselves ranged from in-
conclusive to contradictory, but, when combined with
the present-day biogeographic distributions determined
from my supplementary data (Figures 1, 4, and 5), these
variations show a complicated, although reasonable,
history of uplift and down-slope slumping.

The modern planktonic foraminifer lysocline (Parker
and Berger, 1971) lies at about 2000 meters in the area
of the Japan Trench (based on the preservation of
planktonic species in all samples examined from the
core-top data). The carbonate-compensation depth
(CCD) lies at about 3500 meters. Between the lysocline
and the CCD, only rare individuals of dissolution-
resistant planktonic species such as G. inflata and thick-
walled G. bulloides can be found. Calcareous benthonic
foraminifers are very abundant down to the CCD and
are common below it. Below the CCD, agglutinated
benthic species dominate foraminifer faunas.

The foraminifer bathymetry zonation of Matoba
(1977) for the shelf and slope off Sendai, Japan, has
been adopted and expanded here to the bottom of the
Japan Trench (Figures 4 and 5). Biogeographic data
from the piston cores permit the recognition of lower
bathyal, abyssal, and hadal benthic foraminifer bio-
facies. My present coverage has not been wide enough
to identify lateral biofacies variations which might be
expected in the region flanking the confluence of the
Kuroshio and Oyashio Currents. Kitazato (1977) has
been able to delineate general regional changes in the
sublittoral and upper bathyal biofacies along the Pacific
coast of Japan. The majority of the samples studied
here were recovered from depths below these levels and
are largely beneath the influences of the near-surface
ocean currents.

The lower bathyal benthic-foraminifer biofacies is
subdivided into two zones. The upper is the Elphidium
batialis-Bulimina aculeata Zone (1800-2700 m) of Mat-
oba (1977), which is very rich in the two named species
and has also Nonionellina labradorica, Uvigerina aki-
taensis, Islandiella helenae, Globocassidulina rossensis,
and Stainforthia loeblichi. The occurrence of Elphidium
(unkeeled) at these depths is noteworthy, since this
genus is a classical indicator of shallow water. The form
appears to be autochthonous, because it is very abun-
dant and well preserved, and, more important, because
other shallow-water forms which might indicate down-
slope displacements are absent. Saidova (1966) has
reported that the water temperature is 3°C at this level,
and that the oxygen content is 1.5 ml/liter.

The lower is the Uvigerina senticosa-Melonis pom-
pilioides Zone (2700-3300 m), characterized by the two
named species and by Pullenia bulloides, Eggerella
bradyi, N. labradorica, and rare E. batialis. The lower
limit of this zone approaches the CCD (3500 m), and the
abundances of the calcareous taxa decrease sharply. At
the same time, the relative frequencies of agglutinated
forms less reliant on calcium carbonate gradually in-
crease. Absolute abundances of benthic foraminifers
are greatly reduced in comparison to those of the upper
zone. According to Saidova (1966), the water tempera-
ture at this level is 2°C, and the oxygen content is 1.5 to
2.0 ml/liter.

The abyssal region is subdivided into two benthic-
foraminifer biofacies. The first is the Saccammina sphaer-
ica Zone (3300-6000 m), which contains the named spe-
cies and Eggerella bradyi. Down-core associations at my
Leg 56 sites suggest that Martinottiella communis also
inhabited this biofacies in the past. Water temperatures
are below 2°C (Saidova, 1966).

The sediments of the oceanic plate between 5000 and
6000 m are placed in the Reophax-Recurvoides Zone.
The new species Silicosigmoilina splendida is commonly
present. Faunal abundances are typically low.

The hadal region below 6000 meters is characterized
by agglutinated taxa only (Belyaev, 1966), some of
which are eurybathyal. Reophax is the only genus pres-
ent in the samples I examined, so this zone is called the
Reophax Zone. Absolute abundances are very low, but
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Figure 5. Relative frequency of benthic foraminifer assemblages along the Japan
Trench transect. Samples marked by a star have been projected onto the transect
line according to depth.
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benthic foraminifers seem to occur in the deepest parts
of the biofacies in the Japan Trench.

Benthic foraminifer assemblages characterize the sed-
iments of the Japan Trench area in two important ways:
depth and location. Numerous sites across the face of
the inner-trench shelf and slope permit the recognition
of many depth-related biofacies with broad geograph-
ical continuity and narrow vertical extent. Great abun-
dances and high species diversity throughout these
samples show a gradual succession of shallow-water
faunas subject to periodic climatic changes, deep-water
calcareous faunas flanking the lysocline, and finally
low-calcite agglutinated faunas below the CCD. Sedi-
ments on the oceanic plate differ markedly in faunal
composition from those occupying comparable depths
on the inner trench wall. The trench may be an effective
barrier to lateral migration of many species, and even
the subduction process itself may act as a limiting agent
through time. The contrasting shelf-slope and oceanic-
plate assemblages thus identify the sediments of each
part of the trench region and serve as major tracers for
these sediments during subduction and the formation of
the accretionary wedge.

Martinottiella communis: LOCAL DISAPPEARANCE
The agglutinated benthic foraminifer species Mar-

tinottiella communis d'Orbigny first appears at Site 436
(the site containing the longest benthic-foraminifer
record at the Leg 56 sites) in the upper Miocene (Figure
6). It reaches its greatest abundance (6-10 tests per 10
±cm3 sample from Holes 434B and 436, as many as 34
tests in Section 435A-5-5) in the lower Pliocene. Although
living in several areas of the Pacific today, it disappeared
from the vicinity of the Japan Trench transect near the
top of the Denticula kamtschatica diatom zone. Two
isolated, broken specimens were found higher, in the D.
seminae fossilis-D. kamtschatica Zone (Sections 435-13-2
and 435-13-4), and one in the Actinocyclus oculatus
Zone (Section 435-9-2). The highest occurrence at Site
434 was in Section 434-7-1, at the top of the D. kamt-
schatica Zone, whereas at Site 436 the last occurrence
was in Section 436-19-1, in the D. seminae fossilis-D.
kamtschatica Zone (Figure 6). Echols (1973) recorded
M. communis from Miocene and Pliocene sediments of
the Bering Sea. There, its highest occurrence at DSDP
Sites 184 and 185 was in the Thalassiosira zabelinae
Zone (given as the T. zalzelinae Zone, now equivalent to
the D. seminae fossilis Zone) of the late Pliocene, whereas
at Sites 190 and 192 the extinction level was found in the
D. seminae fossilis-D. kamtschatica Zone near the mid-
dle of the Pliocene. In northern Japan, Maiya (1975)
gives the range of M. communis as extending from his
"barren planktonic foraminifer zone" (late Miocene) to
within the Globigerina pachyderma (áextral)-Globoro-
talia orientalis Zone (Pliocene). Thus, while M. com-
munis appears to be a useful guide fossil to the late Mio-
cene and early Pliocene, a chronostratigraphic level based
on its disappearance would be unrelia^e. What we see,
however, is an indication of the time when certain envi-
ronmental conditions were eliminated during the Back-
bone Range orogeny of the late Tertiary in northern Ja-

Figure 6. Comparison of DSDP Leg 56 sites, showing
core recovery (shaded), diatom zones (Harper, this
volume, after Koizumi, 1975), and ranges of fora-
minifer taxa. Hachures at Sites 434 indicate levels of
possible faulting.

pan. Here, most workers infer that M. communis and
its associated forms indicate middle bathyal depths in a
closed-basin extending below the oxygen minimum (Asano
et al., 1969). Uplift in various areas would have changed
these conditions in a time-transgressive manner. The
late disappearance of the species near the Japan Trench
(Leg 56) sites and the even younger Leg 19 sites may be
accounted for by the distance of these locations from
the orogeny.

Following the disappearance of M. communis, Sac-
cammina and (or) Reophax continue upward in the Leg
56 sections (single chambers of fragmented Reophax
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piluliferare indistinguishable from Saccamminá). These
are accompanied at Site 436, of the oceanic plate, by
Silicosigmoilina splendida n.sp., and at Sites 435 and
434 by low numbers of lower bathyal and abyssal forms.
During the Pleistocene, planktonic foraminifers became
more abundant at Site 435 as the site was raised above
the CCD.

SITE 434
Site 434 was the deepest hole of the Japan Trench

transect, at 5986 meters. The location was selected for
penetration of sediments within the postulated zone of
accretion at the foot of the landward wall. It also marks
the limit between the abyssal and hadal biofacies.

Diatom biostratigraphy places the first core in the
Pleistocene Denticula seminae Zone, unconformably
underlain by the D. seminae fossilis Zone of the late
Pliocene in the second core. A number of N. asanoi
(Table 3) were identified in sample 434-2, CC, also im-
plying the late Pliocene, although these individuals may
have been displaced down-slope. Planktonic fora-
minifers were also found in Sample 434-13, CC; the
assemblage is dominated by G. praeinflata and N.
asanoi, indicating the late Pliocene at this level. A few
rare specimens of planktonic species were found in
samples from Hole 434B, but these were either very cor-
roded or were heavily stained, as in Section 434B-10-3,
which suggests reworking. In general, I believe that the
occurrences of planktonic foraminifers at this site prob-
ably result from the displacement of up-slope faunas.
Benthic-foraminifer assemblages from Holes 434 and
434B (434A was barren) contain elements of the upper
bathyal, lower bathyal, and abyssal biofacies, without
clear indications of hadal forms. It is important to note
that the species which is apparently limited to the
oceanic plate, S. splendida n. sp., was not found at Site
434. The eurybathyal species Reophax pilulifer was
present in low frequencies. Thus, I find no conclusive
evidence of oceanic-plate sediments at this site.

It is, however, necessary to explain the stratigraphic
interval between 50 meters (434-6, CC) and 270 meters
(434-29, CC). This interval is between the base of the D.
seminae fossilis-D. kamtschatica Zone (proceeding down-
ward from the top of the hole), and the top of the D.
kamtschatica Zone (proceeding upward from the bot-
tom of the hole). As discussed elsewhere (Harper, this
volume), the diatom D. seminae fossilis has a patchy
distribution through this interval. This, and the relative-
ly poor recovery of highly fractured and compacted sed-
iments, led us to speculate (Langseth, Okada, et al.,
1978) that the upper Pliocene of Site 434 was thickened
by a series of imbricate faults associated with the sub-
duction process. The otherwise-thin upper Pliocene thus
would be repeated several times through the stack of
sediments. However, poor preservation of the diatoms,
or pronounced climatic fluctuations, during this time,
could have produced the same effect. Still, it seems un-
likely that the great sediment accumulation observed
here is entirely the result of normal hemipelagic depos-
tion, especially in view of the two flanking Leg 56 sites
with their contemporaneous intervals of far lesser accu-

mulation. Figure 6, comparing the biostratigraphy of
Leg 56 sites, has been constructed to show the levels of
possible repetition. There is the suggestion that the
disappearance of M. communis and its succession by
Saccamminá and Reophax at Site 434 may also be
repeated several times, but the frequency of specimens is
extremely low.

SITE 435
Of the three Leg 56 sites, this produced the greatest

number of foraminifers, which commonly exceed 100
specimens per 10-cm3 sample; in several instances, over
2000 specimens were found (Tables 2 and 4). Planktonic
foraminifers occur continuously down to Section 435A-
6-3, and in Cores 435A-9 and 435A-11 below that.

Temperate-latitude planktonic taxa useful in bio-
stratigraphy are present throughout the hole. The com-
bination of the extinctions of N. asanoi and G. orien-
talis and the appearance of G. inflata, places the Plio-
cene-Pleistocene boundary between Cores 435-8 and
435-9. The boundary between early and late Pliocene is
indicated between Cores 435-13 and 435-14 by the first
appearances of G. tosaensis and T. quinqueloba, but
preservation in this interval is poor. I suggest an early-
Pliocene age for the base of this hole on the basis of rare
Sphaeroidinellopsis, early stages of the G. orientalis
lineage, and forms which I call G. ikebei that are inter-
mediate among G. puncticulata, G. suterae, and G.
conoidea.

The last continuous occurrence of Martinottiella
communis is in Section 435A-5-4, although very rare in-
dividuals persist to Section 435-9-2, in The A. oculatus
diatom zone. The greater abundance of M. communis at
this site relative to Site 434 and 436 demonstrates that it
was a middle or lower bathyal species (Asano et al.,
1969, report it as upper middle bathyal).

Lower bathyal calcareous foraminifers (Eggerella
bradyi, Nodosaria, Lagena, Oolina, Sphaeroidina, Globo-
bulimina ovata, Pullenia bulloides, Melonis, Gyroidina,
Pyrgo, Cibicides wuellerstorfi, Hoeglundina elegans,
and Uvigerina senticosá) became more abundant (Core
435-16 and upward) as the site was uplifted above the
CCD during the late Pliocene. The presence of lower
middle bathyal forms {Globocassidulina, Oridorsalis,
and Alabamind) suggest continued uplift through the
Pleistocene which brought the site within the biogeo-
graphic range of these taxa. Upper middle bathyal fora-
minifers (Stainforthia, Cassidulinoides, Astrononiori)
and even shallower forms {Textularia, Quinqueloculina,
Angulogerina, Bulimina aculeata, Uvigerina akitaensis)
show that down-slope displacements of sediments were
common. Large proportions of planktonic relative to
benthic foraminifers also support this idea: ratios of
planktonic to benthic taxa (Figure 4) show that Site 435,
near the modern CCD, has about 5 per cent planktonic
forms. In much of Hole 435, the planktonic-benthic
ratio commonly reaches 20 per cent and often exceeds
60 per cent. Depression of the lysocline in response to
climatic fluctuations has occurred in the past at equato-
rial latitudes (Thompson, 1976; Thompson and Sciar-
rillo, 1978). The coiling directions of N. pachyderma at
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TABLE 3
Foraminifers at DSDP Site 434
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434-1-2,62-64 4 4
1-4,50-52 2 1 1
1,CC 1 1
2-2,16-18 1 1
2, CC 52 2 6 1 1 1 2 23 2 16 1 1

5-1,16-18 4 3 2 2 2 1 1 2
7-1, 28-30 2 2
7, CC, 13-15 2 2
9-2, 24-26 1 1
11, CC, 23-25 1 1

12-1,75-77 1 1 7
12, CC, 15-16 2 8 2 1
13, CC, 5-7 34 1 1 13 1 4 15 1
14, CC, 8-10 4 4
15-1,113-115 1 1

16-1, 58-60 1 1
16, CC, 8-10 2 2
18, CC, 5-7 2 1 1 1 1
19, CC, 3-5 2 1 1
20-2, 8-10 1 2 1 2

21, CC, 4-6 1 1
22-1, 100-102 1 1
23-1,24-26 1 1
23-3,128-130 1 1
25-1,13-15 11 1 9 1

26-1,12-14 1 1
26, CC, 6-8 1 1
27-1,33-35 1 1
29-1, 83-85 2 2
32-1,63-65 1 1 1 1

33-1, 70-72 1 2 1 2
33-2, 70-72 1 1 1 1

434B-3, CC, 7-9 1 1
4-2,111-113 1 1
6, CC, 10-12 1 1
10-3,14-16 4 4 1 2 1 1 1 2
10-5, 22-24 3 3

10-6,22-24 1 1
10, CC, 13-15 1 2 1 1 1
11-1,64-66 1 1
17-1,63-65 1 1
25, CC, 10-12 1 1

34-2,26-28 1 | 1
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this site (Figure 3) shows that surface-water variations
were pronounced during the Quaternary, which may
have affected the lysocline here as well. The response of
benthic taxa to climatic change, particularly for the
North Pacific, is not known at present. The obvious as-
sociation of benthic foraminifer distributions with
water depth alone presently is being reinterpreted in
terms of temperature, salinity, and oxygen content; the
results (Lohmann, 1978; Streeter and Shackleton, 1978)
suggest complicated relationships between species and
their environments that can be used to monitor hydro-
graphic changes through time.

The foraminifer data for Site 435 indicate at least
three major processes: (1) climate-related fluctuations in
physical parameters of surface waters, which may have
shifted the lysocline, indicated by planktonic-foramin-
ifer variations; (2) elevation of the site above the CCD
(it may be rising still), indicated by calcareous benthic
foraminifers and (3) down-slope displacement of sedi-
ments, indicated by sporadic middle bathyal texa.

SITE 436

Planktonic and upper bathyal benthic foraminifers
were recovered from Pleistocene sediments (diatom age
determinations) of Site 436 in association wih ice-rafted
pebbles (Table 5). Dissolution has destroyed other
calcareous tests which might have accumulated.

As discussed elsewhere, Martinottiella communis
ranges from the late Miocene through early Pliocene
and is succeeded in the late Pliocene by Reophax
pilulifer and Silicosigmoilina splendida n. sp. Petelin
(1970) noted that agglutinating species are often selec-
tive about the minerals chosen for their tests. It is possi-
ble that the appearance of agglutinating taxa during the
late Miocene of the North Pacific may be related to
orogenic events in Japan; if so, the first local occur-
rences depended upon the time when detrital minerals
reached various parts of the region.

The middle Miocene through the Paleogene is con-
densed in a zeolitic pelagic clay interval between 360 and
380 meters. Washed residues consist of zeolites, fish
bones and teeth, and manganese micronodules. Some of
the micronodules in Section 436-39-6 were split and
found to exhibit external molds of small globigerinid or
globorotaliid foraminifers (Plate 9). I have not been
able to identify the species because of their small size;
they may represent juvenile stages. This occurrence,
however, bears importantly on ideas of manganese-
nodule formation. The exceedingly great water depth in-
dicated by the pelagic clay is supposed to cause the total
dissolution of any calcareous and siliceous microfossils
in a very short time. For the molds to form, precipita-
tion of the manganese about the foraminiferal nuclea-
tion point before the test was destroyed must have been
rapid indeed. The lack of large nodules is also impor-

tant; they may not form under the same conditions as
do micronodules.

DESCRIPTION OF NEW TAXA

Family GLOBOROTALIIDAE Cushman, 1927
Genus Globorotalia Cushman, 1927

Globorotalia wilesi Thompson, n. sp.
Plate 4, Figures 1-3

Globorotalia sp. Parker, 1964, p. 631; pi. 102, figs. 20-22; Rogl
and Bolli, 1973, p. 569; pi. 7, figs, 1-4; pi. 16, fig. 4.

Globorotalia scitula Brady, Keller, 1978, pp. 101,103; pi. 4, figs.
9-11.
Description: Test free, small, biconvex, about 14 subglobular

chambers arranged in a low trochospire of about three whorls, AXA to
5 chambers in the final whorl. Chambers increasing gradually in size
with growth, partially embracing, slightly inflated on the spiral side,
moderately inflated on the umbilical side. Equatorial periphery lobu-
late; axial profile moderately biconvex, the final chamber more vent-
rally inflated than the earlier chambers. No true carina present,
although the acutely rounded peripheral edges of the chambers are im-
perforate. Intercameral sutures on both spiral and umbilical sides sim-
ple and curved; spiral suture slightly lobulate. Aperture interio-
marginal, umbilical-extraumbilical, a symmetrical arch of moderate
height at the base of the strong umbilical shoulder, bordered by an im-
perforate apertural rim. Wall calcareous, perforated with large pores,
the pores concentrated mostly on the spiral side away from the test
margin; pore diameter variable, with a tendency to be larger on the
early whorls; pore shape subcircular. Surface shiny, translucent,
sparsely and irregularly pustulate, the isolated pustules mostly on the
umbilical side of the early chambers in the final whorl. Coiling is
almost invariably dextral.

Remarks: Parker (1964) recognized this species as new, but was re-
luctant to describe it from the few specimens recovered from the
Experimental Mohole Site off Mexico. She did note the small size of
the test, its slighty curving sutures, and translucent test wall with
relatively large pores. Rogl and Bolli (1973) compared their Caribbean
form to G. crassaformis and G. scitula, but did not propose it as a
separate taxon because of the close similarities to these two species. It
is, as they suggested, most similar to G. scitula, which has, however,
much larger and more closely spaced pores, usually with a funnel-
shaped pore depression, and the test has a very weakly lobulate
equatorial outline. Because G. wilesi has been found often in North
Pacific sediment samples without G. scitula and G. hirsuta (Thomp-
son, 1977), it is inferred that G. wilesi probably is not an immature
stage of either species. It is common in the region of the temperate
North Pacific beneath the Kuroshio current, and migrated to tropical
latitudes during glacial ages of the Pleistocene. This species was first
described in an unpublished work by Thompson (1977). It is therefore
redescribed here, with redesignation of the primary types. The species
is named in honor of the late Dr. William E. Wiles of the Department
of Geology, Rutgers University.

Occurrence: This species has been observed mostly in the North
Pacific between latitudes 24 and 45 °N, less commonly in the South
Pacific between latitudes 17 and 40°S, and rarely in the Indian Ocean
and Caribbean. The geologic range observed by Parker (1964) at the
Guadalupe site is approximately Pliocene to recent. At DSDP Site
435, it occurs sporadically down to Section 435A-5-3 (Plate 4, Figures
3a, b). At this level, the periphery is conspicuously more acute and the
umbilical shoulder more inflated than in younger sediments, sug-
gesting an early Pliocene base of the range.

Size: Maximum observed diameter 0.2 mm.
Holotype: USNM 239939 (Plate 4, Figures la, b).
Paratypes: USNM 239940 (Plate 4, Figures 3a, b).
Type Locality: Northwest Pacific Ocean, DSDP Site 435, Sample

435-12-1, 65-67 cm (sub-bottom depth 104 m).
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435-1-1,33-35 160 1 2 6 90 3 3 50 3 2

1-2,33-35 2200 6 4 7 1 1 7 35 3 825 18 80 625 18 400 6 3 23 2 23 1
1-3,33-35 426 1 1 6 5 16 9 1 175 11 1 48 1 1 100 17 16 5 13
1-4,33-35 18 2 8 6 1 1
1-5,135-137 320 1 2 1 12 13 1 98 1 50 120 10 2 6 3 3 2

1-6, 33-35 54 1 1 1 6 2 25 20 2 1 1 1
1,CC, 8-10 348 6 4 28 3 19 3 1 1 1 19040 100 60 10 2 9 6 19 1 8 10
2-1,12-14 135 1 2 7 1 6 5 25 1 75 8 1 4
2-2,12-14 149 1 3 7 8 75 1 14 1 19 14 3 1
2-3,12-14 41 1 2 1 1 19 2 13 2

2-4,12-14 37 1 1 2 2 9 11 6 5
2-5,12-14 17 11 2 2 1 1
2-6,12-14 45 1 1 25 4 13 1
2, CC, 6-8 115 1 5 2 8 6 26 60 1 1 2 3
4-1,22-24 1219 15 1 10 2 6 52 1 3 1 4 100 575 316 5 12 1 44 4 16 17 6 2 4 13 3 16 8

4-2, 22-24 904 1 1 20 50 27 2 6 28 10 20 1 160 450 6 44 1 27 9 20 17 6 4 26 80 10
4-3,22-24 269 1 1 6 7 21 44 250 1 12 8 2 11 1 10 2 1
4-4,22-24 293 1 5 9 44 44 150 7 1 3 1 1 15 4
4, CC.4-6 368 2 22 4 56 45 3 250 3 34 5 2 7 4 4 10 20 9
5-1,12-14 16 1 4 7 2 1

5-2,12-14 394 1 4 10 4 26 2 80 50 40 11 80 2 28 1 5 8
5-3,12-14 340 9 25 5 3 100 1 125 8 3 2 44 1 16 5
5-4,12-14 409 2 5 2 4 1 21 4 8 58 100 1 140 5 23 2 3 10 3 8 2
5-5,12-14 4 4
5-6,12-14 142 1 2 7 2 2 70 50 1 4 1 1 4

5, CC, 11-13 161 1 4 2 10 4 28 5 10 13 1 42 29 1 6 6 8 5
6-1,30-32 10 1 4 3 1 1
6-2,30-32 15 2 1 1 1 2 3 1 1 1
6-3,30-32 121 3 2 2 1 1 5 4 50 1 4 10 2 1 6 10 13
6-4,30-32 76 1 1 4 50 1 3 1 2 3 5

6-5,30-32 14 2 9 2 1
6-6,22-24 16 1 1 5 8 1
6-7,9-11 16 2 2 2 1 8 1
6.CC, 16-18 5 1 1 2 1
7-1,30-32 7 1 3 3

7-2, 30-32 9 4 2 1 1
7-3,30-32 20 1 1 1 7 4 1 3 1 1
7-4,14-16 2 1 1
7-5,35-37 56 3 1 2 1 1 30 1 9 3
7-6, 35-37 8 6 1

7, CC, 3-5 10 2 1 4 1
8-1,45-47 11 1 1 8 1
8-2,41-43 19 1 1 1 1 13 1 1
8, CC, 6-8 13 4 6 1 1 1
9-1,35-37 4 3 1

9-2,35-37 2 1 1
9-3,35-37 41 14 1 5 1 2 1 6 1 3 3 1
9, CC, 6-8 14 8 1 1 2 1 1
10-1,63-65 8 1 1 6
10-2,63-65 7 1 3 2 2



TABLE 4 - Continued

s l> i l a s

! 11 ] i ! i j I ? 1111113,11 f j i i i 11 i 11 i i1 I I 1 I , ! i .B i I i I ! I i 1 ! J 1 11 1 1 I i ! | ! I ! ! ! 1 J i S 1 J
sample 3 f i i l l l f i & J E f t l l i l l s i i à l ^ S ^ l l J i l i i s J i i l l • f l

(Interval in cm) f | I 5 | S § I α è I ^β ^ O § 3 1 ü I I ^ U ^ t § U δ | | x l g ^ l ^ S & g j
435-11-1,58-60 9 1 2 2 1 1 1

11-2,58-60 1 1

11-3,5 8-60 1 1

12-1,65-67 303 30 3 2 10 5 6 9 5 146 2 9 10 72

12-2,32-34 164 4 2 1 5 28 21 50 15 4 16 2 12

13-1,20-22 91 1 3 14 2 50 1 3 9 9
13-2,20-22 5 1 1 1 1 1
13-3,20-22 32 12 1 6 4 2 1 2 2 2
13-4,20-22 7 2 1 1 1 2
13-5,18-20 101 20 2 3 3 14 6 6 18 5 4 2 15

13.CC.O-2 57 1 1 10 2 3 5 3 20 2 1 1 12 2
14-1,38-40 142 7 6 5 20 7 1 1 70 1 1 1 7 1 7 8 1
14-2,38-40 73 13 1 1 6 1 1 1 28 1 1 14 4 1
14-3,38-40 26 1 6 11 2 1 4
14, CC, 10-12 17 11 1 1 4 1 1

15-1,24-26 53 1 2 1 18 1 2 1 1 9 7 7 2 1
15-2, 24-26 50 2 9 1 5 20 3 1 5 1 2
15-3,24-26 9 1 4 2 1 1
15, CC, 8-10 8 2 2 1 2 1 1
16-1,50-52 13 6 1 1 2 1 1 1
16, CC, 4-6 3 3

435A-2-1, 15-17 7 1 4 1 1
2, CC, 2-4 7 1 5 1
3-1,10-12 1 1
3-2,10-12 30 1 5 1 14 6 2
3-3,10-12 12 2 1 1 6 2

3-4,10-12 12 5 1 4 1 1
3, CC, 11-13 9 1 1 1 5 1
4-1, 24-26 4 1 2 1
4-2, 24-26 9 1 1 6 1
4-3, 24-26 6 1 2 2 1

4, CC, 17-19 2 1 1
5-1,18-20 19 2 8 3 1 1 1 1 ^
5-2, 18-20 1 1 g
5-3,18-20 85 1 1 44 8 1 2 4 4 2 3 2 1 12 £
5-4,18-20 14 12 1 1 C

5-5,18-20 37 1 2 34 5
5, CC, 16-18 23 1 20 1 1 f=j
6-1,21-23 31 5 3 1 1 1 1 4 1 1 4 2
6-2, 21-23 9 7 2 2 pö
6-3,21-23 176 12 1 1 7 3 2 3 115 1 3 13 1 5 1

6,CC, 5-7 36 3 14 4 4 6 1 3 &2
9-1,37-39 9 2 2 1 1 i d
9-2,37-39 30 2 3 3 1 2 18 g
9, CC, 4-6 5 1 1 1 2 2 ^
11-1,30-32 2 £

11-2,30-32 7 6 1 1 " ^
11-3,30-32 6 1 3 1 &

^ 11-4,30-32 10 10 \
00 11, CC, 25-27 2 2 u>
- J : ' 1 1 l ! ! ' ' ' ' O•v
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TABLE 5
Foraminifers at DSDP Site 436

a g.

I i ! i fe .§ I i
J l l a S ~ i é f 3 ü f |

I 111! 11 1 , i i! I!! 111 11I i i i f 1 i 1111 i „ 11! 111111I 1 1 1 1 11 § 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i
(Interval in cm) H f - δ u ^ f e i f i < ^ a ü G S ^ S o δ f e i c < S j O < & á > ^ a ;

436-1-2,36-38 326 24 88 16 155 67 1 1 22

1-3, 36-38 1 1
2-2,55-57 3 2 1

2-3,55-57 1 1

3,CC, 8-10 20 6 2 1 16 1 2 4

4-2,23-25 1 1
4-3, 23-25 1 1
4-4,23-25 117 17 20 12 83 2 3 7 1 6
4-5, 23-25 1 1
5-1,64-66 5 3 1 1

5-3,7-9 1 1
5,CC, 5-7 3 2 1
6-3,77-79 1 1
7-3,113-115 1 1
8-1,95-97 1 1

8-2,95-97 1 1
9-1, 103-105 2 2
9-2, 103-105 2 2
9-4, 103-105 1 1
10-2,103-105 1 1

10-3, 103-105 1 1
11-1,23-25 1 1
11-4, 23-25 3 3
12-1,23-25 2 1 1
12-2,23-25 1 1

12-3,23-25 3 3
12-4,23-25 2 1 1
12-6,12-14 1 1
13-2,13-15 1 1
13-4,13-15 1 1

14-1,42-44 1 1
14-2,42-44 1 1
14, CC, 1-3 1 1
15-1,52-54 2 1 1
15-3,52-54 1 1

16-2,52-54 2 1 1
16-3,52-54 2 2
16-6,52-54 1 1
16-7,34-36 4 4
17-1,64-66 2 1 1

17-4,64-66 1 1
18-1,26-28 1 1
18-2,55-57 1 1
19-1,42-44 2 1 1
19-2,42-44 3 1 1 1

19-3,42-44 3 1 2
19-4,42-44 3 1 2
19, CC, 8-10 5 1 4
20-1,93-95 8 1 1 6

20, CC, 8-10 8 1 1 6

21-1,88-90 5 5
22, CC, 3-5 1 1
23-1,23-25 1 1
23-4,23-25 5 . 1 4
23, CC, 1-3 7 7
24-1,43-45 2 2
24-2,43-45 6 1 2 3
24, CC, 5-7 3 3
27, CC, 44-46 7 7
29-1,22-24 2 2

29-2, 22-24 1 1
30-1,28-30 1 1
31-1,23-25 4 4
31-2, 23-25 5 5
31-4, 23-25 2 1 1

32-2,23-25 1 1
32, CC, 11-13 1 1
33-1,23-25 1 1
33-2,23-25 1 1
33-3, 23-25 1 1

34-1,43^5 2 1 1
34-2,43-45 1 . 1
34-5,43-45 2 1 1
35-1,48-50 2 2
35-2,48-50 1 1

35, CC, 6-8 1 1
36-1,33-35 1 1
36-4,33-35 2 2
37-1,53-55 1 1
37-2,53-55 1 1

38-1,48-50 1 1
38-2,48-50 1 1
38-4,48-50 1 1
40-6, 33-35 j 1 I ^ | I 1
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Family RZEHAKINIDAE Cushman, 1933
Genus Silicosigmoilina Cushman and Church, 1929

Silicosigmoilina splendida Thompson, n. sp.
Plate 8, Figures 16, 17

Miliolina labiosa (d'Orbigny), Brady, 1884, pp. 61,99-102,170 [not
pi. 6, figs. 3-5]; Belyaev, 1966, p. 37; table 4, no. 55.

Miliolinella sp. Echols, 1964, p. 157; pi. 12, fig. 1.
Description: Test free, small, about 3 to 5 chambers planispirally

arranged, each chamber extending halfway around the coil, so that
there are two per whorl and the aperture is alternately at opposite ends
of the test. The chambers are well inflated at the apertural end, nar-
rowing considerably at the aboral end; there is strong embracement of
the previous chambers. The aperture is a simple, crescentic opening at
the base of the final chamber, slightly raised above the test surface,
and often showing a slight protrusion of the wall material into the
opening. Sutures distinct, but weakly incised. Wall thin, translucent to
transparent, made of opaline silica, imperforate.

Remarks: Brady found a number of these small, iridescent, non-
calcareous milioline foraminifers at his North Pacific sites, but placed
it along with Triloculina labiosa d'Orbigny into Miliolina labiosa. His
definition (Brady, 1884, p. 61) is rather broad: "test imperforate;
normally calcareous and porcelanous, sometimes encrusted with sand;
under starved conditions (e.g., in brackish water), becoming chitinous
or chitinoarenaceous; at abyssal depths occasionally consisting of a
thin, homogeneous, imperforate, siliceous film." He later noted (p.
100) that the silica is "unaffected by acids, and iridescent when first
taken out of spirit," and that (p. 170) "they occasionally collapse on
being taken out of the fluid and allowed to dry." The specimens
Brady chose to illustrate (Brady, 1884, pi. 6, figs. 3-5) do not include
any of the iridescent siliceous forms, and are probably M. labiosa.
The iridescent siliceous type are believed to be synonymous with the
specimens recovered from DSDP Site 436 and from several Lamont-
Doherty piston cores in the North Pacific. The description of typical
Silicosigmoilina by Cushman and Church (fide Ellis and Messina,
1940 et seq.) states that this genus has a finely arenaceous wall with
siliceous cement, although Loeblich and Tappan (1954, p. C220) in-
clude in Family Rzehakinidae forms with siliceous or agglutinated
walls. Species subsequently assigned to Genus Silicosigmoilina are
mostly from the Cretaceous (fide Ellis and Messina, 1940 et seq.). As a
result, the species here called splendida (because of its iridescence) is
placed in Silicosigmoilina only for convenience. Adequate study of
this species and other siliceous benthic foraminifers (Resig, 1974)
probably will lead eventually to the establishment of a higher category
of silica-secreting foraminifers.

Occurrence: The biostratigraphic range of S. splendida at DSDP
Site 436 is from the late part of the Denticula kamtschatica Zone (mid-
dle Pliocene), in Section 436-20, CC, to the recent. It was observed by
Brady (1884, pp. 99-102) at seven stations in the North Pacific be-
tween latitudes 12 and 38°N and longitudes 144°E to 152°W, between
2050 and 3950 fathoms (3750-7225 m).

Size: Maximum observed diameter 0.2 mm.
Holotype: USNM 239941 (Plate 8, Figures 16, 17).
Type Locality: Northwest Pacific Ocean, DSDP Site 436, Sample

436-9-1, 103-105 cm (sub-bottom depth 75 m).
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PLATE 1

Figures 1-4 Globigerina bulloides d'Orbigny.
1-3. Sample 435-1-5, 135-137 cm. ×150.
4. Sample 435-9-3, 35-37 cm. × 140.

Figures 5-7 Globigerina umbilicata Orr and Zaitzeff.
5-6. Sample 435-9-3, 35-37 cm. × 100.
7. Sample 435-13-CC, 0-2 cm. × 100.

Figure 8 Globigerinita glutinata (Egger).
Sample 435-1-5, 135-137 cm. × 140.

Figures 9, 10 Globigerina umbilicata Orr and Zaitzeff.
Sample 435-13-CC, 0-2 cm. × 140.
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PLATE 2

Figure 1 Globigerinoides trilobus (Reuss).
Sample 435-13,CC, 0-2 cm. × 150.

Figure 2 Globigerinoides ruber (d'Orbigny).
Sample 435-1-5, 33-35 cm. ×185.

Figure 3 Globigerinoides obliquus (Bolli).
Sample 435-13,CC, 0-2 cm. × 190.

Figures 4, 5 Globoquadhna altispira (Cushman and Jarvis).
Sample 453A-6-1, 21-23 cm. × 180.
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PLATE 3

Figures 1-5 Neogloboquadrina pachyderma (Ehrenberg).
Sample 435-1-5, 33-35 cm.
1-3. Sinistrally coiled form. ×145.
4-5. Dextrally coiled form. 4. ×170. 5. ×155.

Figure 6 Neogloboquadrina eggeri (Rhumbler).
Sample 435-9-3, 35-37 cm. ×85.

Figures 7, 8 Neogloboquadrina? incompta (Cifelli?).
Sample 435-9-3, 35-37 cm. × 150.

Figure 9 Neogloboquadrina himiensis (Maiya, Saito, and
Sato).
Sample 435-14-1, 38-40 cm. ×75.

Figures 10-12 Neogloboquadrina asanoi (Maiya, Saito, and
Sato).
Sample 435-13,CC, 0-2 cm. ×115.
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PLATE 4

Figures 1-3 Globorotalia wilesi Thompson, n. sp.
Sample 435-12-1, 65-67 cm.
la. Spiral side of holotype. ×125.
lb. Edge view of holotype. × 125.
2a. Edge view of paratype. × 125.
2b. Umbilical side of paratype. × 125.

Sample 435-12-1, 65-67 cm.
3a. Edge view of paratype. × 100.
3b. Umbilical view of paratype. × 100.

Sample 435A-5-3, 18-20 cm.

Figure 4 Globorotalia tosaensis Takayanagi and Saito.
Sample 435-4-2, 22-24 cm. × 130.

Figure 5 Globorotalia scitula (Brady).
Sample 435-1-5, 33-35 cm. ×75.

Figure 6 Globorotalia crassaformis Galloway and Wissler.
Sample 435A-6-1, 21-23 cm. × 125.

Figure 7 Globorotalia menardii (d'Orbigny).
Sample 435-1-5, 33-35 cm. ×65.

Figures 8, 9 Turborotalita quinqueloba (Natland).
Sample 435-13,CC, 0-2 cm. × 175.

Figures 10, 11 Pulleniatina obliquiloculata (Parker and Jones).
Sample 435-4-2, 22-24 cm. ×90.
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PLATE 5

Figures 1, 2, 4 Globorotalia inßata (d'Orbigny).
1, 2. Sample 435-1-5, 33-35 cm. × 100.
4. Sample 435-1-2, 33-35 cm. × 100.

Figure 3 Globorotalia praeinßata Maiya, Saito, and Sato.
Sample 435-13,CC, 0-2 cm. × 100.

Figure 5 Globorotalia puncticulata (Deshayes).
Sample 435A-6-1, 21-23 cm. × 100.

Figures 6-10 Globorotalia intermediate between G. puncti-
culata and G. suterae Catalano and Sprovieri,
probably G. ikebei Maiya, Saito, and Sato.
Sample 435A-6-1, 21-23 cm. × 100.
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PLATE 6

Figure 1 Globorotalia puncticulata? (Deshayes).
Sample 435A-11-1, 30-32 cm. × 135.
la. Spiral side,
lb. Edge view,
lc. Umbilical side.
Very poorly preserved.

Figure 2 Sphaeroidinellopsis sp.
Sample 435A-11-1, 30-32 cm. × 140.
Apertural view. Very poorly preserved.

Figure 3 Globorotalia sp. cf. G. merotumida Blow and Ban-
ner.
Sample 434B-3,CC, 7-9 cm. × 120.
3a. Spiral side.
3b. Edge view.
3c. Umbilical side.
Very poorly preserved.

Figure 4 Eggerella bradyi (Cushman).
Sample 435-4-2, 22-24 cm. × 110.
Equatorial view.

Figure 5 Sphaeroidina bulloides d'Orbigny.
Sample 435-4-2, 22-24 cm. × 150.
Apertural view.

Figure 6 Islandiella helenae Feyling-Hanssen and Buzas.
Sample 435-4-2, 22-24 cm. × 140.
6a. Dorsal side.
6b. Edge view.
6c. Ventral side.

Figure 7 Globocassidulina rossensis Kennett.
Sample 435-4-2, 22-24 cm. × 150.
Apertural view.

Figure 8 Gyroidina soldanii d'Orbigny.
Sample 435-4-2, 22-24 cm. × 125.
8a. Umbilical view.
8b. Edge view.
8c. Spiral view.

Figure 9 Globobulimina ovata d'Orbigny.
Sample 435-12-1, 65-67 cm. ×65.
Equatorial view.
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PLATE 7

Figure 1 Nonionella globosa Ishiwada.
Sample 435-4-2, 22-24 cm. ×85.
la. Side view,
lb. Spiral view.

Figure 2 Nonionellina labradorica (Dawson).
Sample 435-1-2, 33-35 cm. ×60.
2a. Side view.
2b. Umbilical view.

Figures 3, 6 Elphidium batialis Saidova.
Sample 435-1-2, 33-35 cm.
3a. Side view. ×60.
3b. Equatorial view. ×60.
6. Umbilical canal system from another speci-

men. × 230.

Figure 4 Melonis pompilioides (Fichtel and Moll).
Sample 435A-5-3, 18-20 cm. × 100
4a. Side view.
4b. Equatorial view.

Figure 5 Melonis barleeanum (Williamson).
Sample 435A-5-3, 18-20 cm. ×85.
5a. Side view.
5b. Equatorial view.

Figures 7, 8 Cibicides wuellerstorfi (Schwager).
Sample 435-1-2, 33-35 cm. ×45.
7a. Umbilical view.
7b. Spiral view.
8. Side view of another specimen.

Figure 9 Pullenia bulloides (d'Orbigny).
Sample 435-1-2, 33-35 cm. × 100
Side view.

Figure 10 Saccammina sphaerica Sars.
Sample 435-1-2, 33-35 cm. ×80.

Figures 11, 12 Hoeglundina elegans (d'Orbigny).
Sample 435A-9-2, 37-39 cm. ×75.
11. Umbilical view.
12a. Edge view.
12b. Spiral view of another specimen.

Figures 13, 15 Pyrgo murrhyina (Schwager).
Sample 435-4-2, 22-24 cm. ×75.
13a, 15a. Ventral sides.
13b, 15b. Apertural view.

Figure 14 Pyrgo sp.
Sample 435-1-2, 33-35 cm. ×50
14a. Ventral view.
14b. Apertural view..
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PLATE 8

Plectofrondicularia advena (Cushman).
Sample 435A-5-3, 18-20 cm. ×40.
1,2. Equatorial views.

Stilostomella bradyi (Cushman).
Sample 435A-5-3, 18-20 cm. ×57.

Stilostomella fistuca (Schwager).
Sample 435A-5-3, 18-20 cm. ×50.

Dentalina sp.
Sample 435A-5-3, 18-20 cm. ×58.

Dentalina sp.
Sample 435-1-2, 33-35 cm. ×38.

Siphonodosaria consobrina (cTOrbigny).
Sample 435A-5-3, 18-20 cm. ×30.

Textularia sp.
Sample 435A-5-3, 18-20 cm. × 150.

Martinottiella communis cTOrbigny.
Sample 435A-6-2, 21-23 cm. ×35.

Stainforthia loeblichi Feyling-Hanssen.
Sample 435-1-2, 33-35 cm. ×78.

Uvigerina senticosa Cushman.
Sample 435-1-2, 33-35 cm. ×56.

Uvigerina akitaensis Asano.
Sample 435-1-2, 33-35 cm. ×45.

Uvigerina hispida Sch wager.
Sample 435-1-2, 33-35 cm. ×62.

Haplophragmoides? sp.
Sample 436-34-1, 43-45 cm. ×58.

Cyclammina cancellata Brady.
Sample 436-34-2, 43-45 cm. ×35.

Silicosigmoilina splendida Thompson, n. sp.
Sample 436-9-1, 103-105 cm.
16. Test surface, ×1475.
17a. Side view of holotype. × 138.
17b. Equatorial view of holotype. × 138.
17c. Apertural view of holotype. × 138.
17d. Detail of aperture of holotype. ×675.
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PLATE 9

Figures 1-5 Sample 436-39-6, 13-15 cm. ×250.
External molds of juvenile globigerinids or glob-
orotaliids inside manganese micronodules. Note
how the shape of the foraminifer helps determine
the shape of the nodule. Nucleation of the man-
ganese must have been very rapid to prevent dis-
solution of these small specimens.
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