
7. SITE 436: JAPAN TRENCH OUTER RISE, LEG 56

Shipboard Scientific Party1

HOLE 436

Date Occupied: 1 October 1977 (1500)

Date Departed: 6 October 1977 (1340)

Time on Hole: 4 days, 22.7 hours

Position: 39°55.96'N, 145°33.47'E

Water Depth (sea level): 5240 corrected meters, echo-sound-
ing

Water Depth (rig floor): 5250 corrected meters, echo-sound-
ing

Bottom Felt (meters, drill pipe): 5248

Penetration: 397.5 meters

Number of Cores: 42

Total Length of Cored Section: 397.5 meters

Total Core Recovery: 240.8 meters

Principal results:

The drill hole at Site 436 penetrated to a sub-bottom
depth of 397.5 meters, and continuous coring was car-
ried out. At Site 437, about 13 km west-southwest of
436, only a mudline core was attempted, and trace
amounts of sea floor sediments were obtained. Hole 437
results will not be discussed further in this section.

The cores from Hole 436 represent the most complete
record of the upper two-thirds of Neogene biostratig-
raphy of the northwestern Pacific sea floor yet col-
lected. This stratigraphy contains the record of the
depositional environment in this area of the Pacific dur-
ing the past 15 m.y. The Pleistocene is represented by 80
to 90 meters of diatomaceous ooze. Diatom stratigraphy
indicates a sedimentation rate of about 60 m/m.y. (Fig-
ure 1). We infer ice-rafting during the late Pleistocene
from the occurrence in the upper 40 meters, of plank-
tonic shelf-type benthic foraminifers and pebbles in the
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deep-water sediments. Volcanic vitric ash is a major
component of the sediment, and there are several dis-
crete ash layers. In the Pliocene section we encountered
an increased number of ash layers, reflecting increased
ash falls due to the peak in volcanic activity on the
Japanese Islands during this period. Overall, however,
the lithology of the Pliocene sediments, consisting of
diatom-rich hemipelagic deposits, is similar to those of
the Pleistocene. The Pliocene-Miocene boundary oc-
curs at 220 to 230 meters sub-bottom. In the interval
from 235 to 312 meters, the sediments become distinctly
more lithified but are compositionally similar to the
overlying units. The microfossil assemblages are late
Miocene and diatoms noticeably rarer. The sedimenta-
tion rate decreases steadily through this interval. Below
312 meters, there is a striking change in the coloration
of the sediment. The grayish olive green of the younger
units gives way to a pinkish-tan clay stone. This unit
belongs to the middle Miocene and is characterized as
well by isolated occurrences of rhodochrosite and native
copper. There is a rapid transition in Core 38 (359
meters sub-bottom) from tan claystone to chocolaty-
brown zeolitic clays. These clays are without microfos-
sils but contain some fish teeth and many micronodules.
We found nodules of chert and Porcellanite in Cores 39
to 41. Some of these cherts contain radiolarian bits that
are Late Cretaceous, Albian, or Cenomanian.

A noteworthy aspect of this sedimentary sequence is
that the accumulation of biogenic sediments begins
abruptly in the middle Miocene. Earlier Tertiary depos-
its are represented by very thin layers of zeolitic clays, if
at all. Much of the Paleogene may be missing altogeth-
er. This is essentially the same stratigraphy as at Sites
303 and 304 on DSDP Leg 32. The sudden onset of bio-
genic sedimentation in the middle Miocene occurs at the
same time at Sites 436 and 303, as nearly as can be de-
duced. If the increase in biogenous sediments is caused
by the migration of sites into the high productivity zone,
as they rode westward on the Pacific Plate, then the on-
set of increased sedimentation should have occurred
nearly 14 m.y. earlier at Site 436 than at Sites 303 or
304. Since this is not borne out, the mid-Miocene bloom
of microfossils must be the result of a ubiquitous major
Oceanographic change in surface waters in the north-
western Pacific and not of a transgression of sites into a
pre-existing high productivity zone. This possibility has
already been proposed by Lancelot and Larson (1975).

Correlating the stratigraphy at Sites 436 with the
seismic reflection record of Figure 2, using the seismic
velocity measurements made on the cores, indicates that
the occurrence of the cherts corresponds to the top of
the strongly reflecting layers at 0.5-second sub-bottom
two-way travel time. This would indicate an interval
velocity for the faintly stratified sediments of 1.52
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Figure 1. Sediment age versus depth curve for Site 436.
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km/s. This compares with an average of 1.56 km/s for
core samples (see Physical Properties) and 1.54 km/s
from the sonobuoy wide-angle reflections. These veloc-
ities are not significantly different from sea water. The
faint reflectors throughout this layer are probably thin
ash deposits which onboard measurements show to have
somewhat higher velocities.

Five in situ pore water samples were taken more or
less uniformly spaced over the interval from 98 to 318
meters. The major chemical properties of these samples
showed good, but not exact, agreement with pore water
squeezed from the cores. The pore water alkalinity
shows a rapid increase in the upper 35 to 80 meters to
about nine times that of sea water but gradually
decreases at greater depths sub-bottom. The abundance
of calcium was observed to increase with depth, and
magnesium shows a decrease. We detected no methane
in the cored sediments at this site.

BACKGROUND
Site 436 is located near the crest of the outer swell

seaward of the Japan Trench in a water depth of 5240
meters. The outer swell is a broad arching of the sea
floor thought to be a dynamically supported feature
that results from flexure of the entire oceanic litho-
sphere in response to overthrusting of the Japanese Is-
land Arc at the trench (Watts and Talwani, 1974). Sev-
eral detailed single-channel seismic (SCS) reflection
lines have been made in the vicinity of the site. All of
these tracks were made using a relatively low-energy air-
gun sound source. The lines closest to the sites are those
made by the Geological Survey of Japan (Honza, 1977;
and Honza et al., this volume); three additional lines of
seismic reflection data made by the University of Tokyo
Ocean Research Institute (Nasu and Kobayashi, 1980);
and a single line of SCS reflection data made by the La-
mont-Doherty Geological Observatory of Vema Cruise
32. The Glomar Challenger made additional SCS pro-
files while surveying for an appropriate site.

The seismic reflection profiles show the sedimentary
layer to be about 600 meters thick and generally com-
formably draped over the oceanic igneous basement. A
portion of the record from a line across Site 436 is
shown in Figure 2. Across the upper 0.5 second of two-
way travel time, the record shows an acoustically strati-
fied sequence. In the frequency range of the seismic re-
flection system used, the reflectivity of these layers is
relatively low. The interval velocity over this section,
based on Vp velocities on core samples, is 1.56 km/s,
implying a depth of 390 meters for the bottom of the
layer. Below 0.5 second two-way travel time (greater
than 7.5 seconds in Figure 2), strata are more highly re-
flective over an interval 0.15 to 0.2 seconds thick. The bot-
tom of this zone is not clearly defined, and its thickness
is highly variable across the region. Figure 3, which
shows a longer seismic reflection section across the
outer swell, illustrates the strong acoustical stratifica-
tion, general smoothness, and variability in thickness of
the zone. This layer is thought to be not igneous base-
ment, but rather a sequence of chert, Porcellanite, and
carbonate layers. If we assume that a velocity for this in-

terval is equal to those measured on some Porcellanite
samples (2.7 km/s), then the thickness of the layer
ranges from 200 to 270 meters at the drill site. The igne-
ous basement is not clearly seen by reflection profiles;
rather, its presence is evident from the disruption of the
well-stratified sequence (see Figure 3). The thickness of
the highly reflective zone is difficult to determine; if the
foregoing figures are correct, the depth to the basement
sub-bottom is 590 to 660 meters. A sonobuoy refraction
profile was made at the site by launching the buoy from
the Glomar Challenger while on the drilling site. The
northward-flowing surface current was fast enough to
carry the buoy 10 km in four hours (Figure 4), far
enough to obtain a single well-defined refractor. The
velocity of the refractor was calculated to be 5.4 km/s (a
typical Layer 2 value). For an interval velocity over the
first 0.7 second of two-way travel time of 1.86 km/s, the
depth to the basement reflector is 640 meters. This is in
good agreement with the depth determined by reflection
results. Another sonobuoy was run just 30 miles east of
the drill site on a cruise by L-DGO's research vessel Vema
(V32-13 SB#157) yielded two basement refractors, one
with a velocity of 5.4 and a deeper layer of 6.05.

Sites 436 and 437 are located in the Japanese magnet-
ic anomaly lineations (Uyeda et al., 1967; Larson and
Chase, 1972). The sites are in an east-northeast-trending
magnetic low, south of anomaly M10 in the Mesozoic
sequence. This location should make the site somewhat
older than anomaly M10 time. Based on the time scale
of Hilde et al. (1976), the age of the basement at these
sites is 120 to 125 m.y.—i.e., late Valanginian or early
Hauterivian. Reconstruction of north Pacific Plate mo-
tions, based on magnetic anomaly lineations (e.g., Lan-
celot and Larson, 1975), indicates that the oceanic crust
beneath Sites 436 and 437 followed a 6700-km track from
just south of the equator in the central Pacific during
the Early Cretaceous to its present position (see Figure
5). The track has three main segments corresponding to
the three principal changes in the direction of rotation
of this region of the Pacific Plate. Over the past 40 m.y.,
the site location has been moving along a west-northwest
line, relative to the present position of Hawaii, at a rate
of 54 km/m.y. We notice from Figure 5 that Site 436 is
750 km west of Sites 303 and 304 (Lancelot and Larson,
1975); as a consequence it should have entered the high
productivity zone associated with the Kuroshio Current
14 m.y. earlier than did Sites 303 and 304. From 70 to 40
m.y.B.P. the location of Sites 436 and 437 moved along
a northerly track, and prior to 70 m.y.B.P. along a near-
ly northwesterly track.

Sites 436 and 437 were within a few degrees of the
equator from 120 to 90 m.y.B.P. During that period the
sea floor depth was between 2500 and 4500 meters; thus
part of the time it was above the calcite-compensation
depth (CCD), and carbonate deposition could have oc-
curred on the newly formed basement.

OBJECTIVES

The principal objective at these sites was to obtain a
complete stratigraphic section of the sedimentary layers
on the oceanic crust thought to be underthrusting the
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Figure 4. Record of Sonobuoy 2 at Site 436 from DSDP Leg 56.

continental crust of northern Honshu at the axis of the
Japan Trench. It was expected that this site would pro-
vide a control section to compare with sediments in the
accretionary prism.

The biostratigraphy and paleoenvironment stratig-
raphy of the sedimentary column are of great interest.
The lower section of the column records the changing
depositional environment from mid-oceanic ridge to
sediment-starved deep oceanic environment. The Neo-
gene section should provide a more complete record of
surface water diatom populations and their variation as
a result of changes in the main current systems and
glo,bal temperature oscillations. A full record of ash
falls through the Neogene is another important set of
data that will define the history and composition of
volcanism in northern Honshu.

In the Quaternary section, the occurrence of ice-
rafted pebbles and other terrigenous debris give evi-
dence of glacially induced cooling. More complete sam-
pling of the upper sedimentary section at this site will
reveal the biostratigraphy below the shifting front, be-
tween the warm Kuroshio Current and the cold Oyashio
Current.

OPERATIONS
On 1 October we steamed to Site 436 on the outer

ridge of the Japan Trench. Because a survey of the area
near our primary target revealed a small knoll and an in-
distinct basement reflector, we decided to examine an
alternate site 20 nautical miles to the northwest. In the
second area, the basement was more clearly defined and
there was little topographic relief. The first beacon mal-
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Figure 5. Location of Site 436, DSDP Leg 56, and its
backtracked path through geologic time together
with the paths of the Leg 32 sites from the northwest
Pacific.

functioned, and we dropped a second at 1657 hours on 1
October. Bottom was felt at 5248 meters. Four days of
fair weather allowed us to core to a depth of 397.5 me-
ters sub-bottom, but near midnight on 4 October unex-
pectedly high winds (> 50 knots) associated with a cold
front forced us to pull the string above the mudline. Re-
trieval of pipe was slowed to one stand per hour, and we
drifted several miles from Site 436.

Near noon on the following day the sea abated, and
we decided to drop a new beacon and establish Site 437
rather than try to drag the pipe 8.7 km back to the ori-
ginal site. We recovered a few centimeters of sediments
from a mudline core at Site 437, then initiated drilling
with a center bit to reach the maximum sub-bottom
depth at Site 436. However, forecasts of the passage of
another front caused us to pull the pipe aboard without
cutting a second core.

We steamed back to the beacon at the original loca-
tion at Site 436, but the approach of Typhoon Gilda
threatened to delay our arrival in Tokyo on 12 October.
We departed the site for Tokyo at 2030 hours on 7 Octo-
ber 1977.

LITHOSTRATIGRAPHY

We distinguished three lithologic units at Site 436
(Figure 6): Unit 1, vitric diatomaceous silty clay and
claystone; Unit 2, radiolarian diatomaceous claystone;
and Unit 3, pelagic clay with chert and Porcellanite. We
subdivided Unit 1 into two sub-units on the basis of de-
gree of lithification. Similarly, Unit 3 contains two sub-
units differentiated by the presence or absence of chert
and Porcellanite in the pelagic clay. All contacts be-
tween successive units are gradational; thus boundaries
are somewhat arbitrary. The upper diatomaceous sedi-
ments at this site are lithologically similar to those re-
covered at all other sites along the Japan Trench tran-

sect. In addition, the sequence at this site closely resem-
bles the sedimentary sections penetrated at nearby Sites
303 and 304 (Leg 32), over 700 km east of Site 436 (Lan-
celot and Larson, 1975). More detailed descriptions
follow.

Unit 1, Sub-unit 1A (Cores 436-1-436-26, 0-245.5 m
sub-bottom, Holocene through Pliocene)

This sub-unit consists of soft, dusky yellowish-green
to grayish-olive-green vitric diatomaceous silty clay.
Clay content averages about 40 per cent, diatom frus-
tules 20 per cent, and disseminated volcanic glass shards
about 10 per cent. Radiolaria, sponge spicules, quartz,
feldspar, pyrite, and heavy minerals occur in smaller,
variable amounts. The average grain-size distribution is
about 10 per cent sand, 30 per cent silt, and 60 per cent
clay. Thin layers and patches of light gray volcanic ash
occur intermittently throughout this sub-unit, notably
in Cores 1, 6 to 10, 13, 14, 15, 20, and 23. Pumice frag-
ments also occur sporadically.

Sedimentary structures are rare, probably because
they have been obliterated by drilling. Ash layers are the
most reliable indicators of bedding. None are more than
several centimeters thick. Cores 12 to 18 are mottled,
perhaps as a result of burrowing. The boundary be-
tween Sub-units 1A and IB is gradational, assigned at
the point where the degree of lithification increases no-
ticeably.

Unit 1, Sub-unit IB (Cores 436-27-436-33, 245.5-312 m
sub-bottom, late Miocene)

As noted, this sub-unit differs from Sub-unit 1A
mainly in degree of lithification. Composition and grain
size are not significantly different. Cores 31 and 32 are
brecciated by drilling. Core 33 contains distinct bur-
rowed zones. The boundary with Unit 2 is transitional,
marked by a gradual change in color from grayish-olive-
green to dusky yellowish-brown and by an increase in
the degree of dissolution of diatom frustules.

Unit 2 (Cores 436-34-436-38, 312-359.5 m sub-bottom,
middle-upper Miocene)

Moderate yellowish-brown radiolarian diatomaceous
claystone composes Unit 2. Clay is the dominant con-
stituent, averaging about 72 per cent. Biogenic silica in-
cludes diatoms (10%), radiolarians (8%), and lesser
amounts of sponge spicules. Volcanic glass averages 8
per cent. Sand-size crystals of rhodochrosite first appear
in Core 24 (268 m sub-bottom), then again in Cores 31
through 40 (284-371 m sub-bottom). The grain-size dis-
tribution is about 5 per cent sand, 10 per cent silt, and
75 per cent clay. The apparent increase in radiolarians in
this unit may be the result of progressive dissolution of
diatom frustules. Layers and patches of light gray vol-
canic ash are less abundant in this unit than in the over-
lying sediments. Distinct burrowed and bioturbated
zones are common in Core 38. Drilling-induced, hori-
zontal (bedding parallel) fractures separate coherent
blocks of claystone, each about 10 cm long. Other frac-
tures or drilling breccia are absent. A gradual change in
color from moderately yellowish-brown to light and
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Figure 6. Lithologic and biostratigraphic zonation of
Site 436.

T.D. 397.5 m

the sedimentary section at

moderate brown marks the boundary between Units 2
and 3. This transition occurs within the first 50 cm of
Core 39.

Unit 3, Sub-unit 3A (Cores 436-39-436-41, 359.5-388.3
m sub-bottom, lower Miocene-Eocene)

Moderate brown to brownish-black pelagic clay com-
poses this sub-unit. The sediment is almost entirely clay
with abundant, small spherules of iron oxide and man-
ganese oxide. Foraminiferal molds occur in the centers
of some of these spherules. There is a manganese nodule
2 to 3 cm in diameter in Core 39. Light brown patches
and lenses of montmorillonitic clay are scattered
throughout the sub-unit. Biogenic siliceous components
are rare, present mainly as partially dissolved tests of
radiolarians. Prismatic crystals of clinoptilolite occur in
Cores 39 (360-365 m sub-bottom) and 41. Grain-size
analyses indicate an average of 97 per cent clay and
about 3 per cent silt. Burrows are common throughout
the sub-unit. Some of the light brown patches and lenses
in this sediment may be altered volcanic ash. Lamina-
tions are not obvious, although they are preserved in the
underlying chert and Porcellanite. Quartz and opal-CT
are the silica minerals in these siliceous rocks. Chalced-
ony-filled molds of radiolarians are common in the
yellow quartzose cherts. These cherts are also veined
and brecciated and sometimes show faint laminations.
Pieces of unsilicified, clinoptilolite-bearing pelagic clay
identical in color to these siliceous rocks occur in Core
42. These too are composed of quartz and opal-CT.
Some pieces are laminated and contain silicified, light

brown, and reddish-brown patches or lenses. These
hard siliceous rocks probably represent zones of silicifi-
cation within the pelagic clay, as pieces of unsilicified
pelagic clay also occur with these siliceous rocks. The
difference in hardness most likely accounts for the poor
recovery of pelagic clay in these two cores.

Petrology of Pebbles
Pebbles of altered dacite, vitric tuff, scoria, lithic

wacke, and hornfels facies sandstone were collected
from this site. The following is a description of igneous
rock pebbles.

Dacite is the most common rock type of Site 436 peb-
bles. Sample 436-27-1, 37-39 cm, is hornblende dacite:
phenocrystal Plagioclase (1.2 mm) is euhedral and in-
tensely altered to kaolinite; hornblende phenocrysts
(0.4-1.2 mm) are entirely replaced by aggregates of
chlorite, magnetite, and biotite. The groundmass with
intersertal texture consists of oligoclase microlites (<O. 15
mm) and anhedral quartz.

In Sample 436-15-1, 8-10 cm, of silicified dacite,
mafic phenocrysts are wholly replaced by aggregates of
epidote, chlorite, and quartz. The groundmass mainly
composed of oligoclase microlites shows fluidal texture
and is entirely silicified.

Sample 436-31-1, 1-3 cm, is hornblende-biotite-py-
roxene dacite (Figure 7). Plagioclase phenocrysts (0.2 to
2.7 mm) are more or less altered to kaolinite. Horn-
blende and hypersthene phenocrysts are replaced by
chlorite, augite by calcite, and biotite by chlorite and
iron ores. The slightly silicified groundmass composed
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;

Figure 7. Photomicrograph of hornblende-biotite-py-
roxene dacite (Sample 436-31-1, 1-3 cm). Bar scale
equals 0.1 mm.

of oligoclase microlites (<0.03 mm) and glass shows hy-
alopilitic texture.

Sample 436-16-3, 86-87 cm, is biotite-hornblende
dacite. Phenocrysts consist of quartz, Plagioclase, green
hornblende, and biotite; quartz is subhedral, ranging
from 0.2 to 1 mm in size; Plagioclase (about 0.3 mm) is
mostly replaced by sericite and hornblende (about 0.2
mm) partly by epidote. The groundmass with hyalopilit-
ic texture is subject to silicification and epidotization.
Accessories include apatite and zircon.

Sample 436-17-1, 32-34 cm, is also intensely silicified
dacite with quartz veinlets. Phenocryst Plagioclase (0.3-
0.6 mm) is wholly sericitized, and mafic minerals are re-
placed by magnetite. Vitreous groundmass is extremely
silicified, and contains some recognizable oligoclase
laths. Accessories consist of zircon and apatite.

Varieties of tuff include Plagioclase vitric tuff (Sam-
ples 436-3-2, 98-99 cm; 436-31-1, 62-63 cm), augite-
plagioclase vitric tuff (Samples 436-3-4, 6-9 cm; 436-4-6,
21-22 cm), and andesitic tuff (Sample 436-16-1, 4-6 cm).
Scoria (Sample 436-14-2, 29-30 cm) with small amounts
of augite and hypersthene microlites was also found.

BIOSTRATIGRAPHY

Introduction

A thick and unusually complete biostratigraphic sec-
tion was cored at Site 436 (Figure 6). Microfossils are
dominantly siliceous and are well preserved except for
the lowermost cores. Calcareous microfossils are virtu-
ally absent.

Cores 1 through 38 (0—360 m) range from late Qua-
ternary to middle Miocene in continuous sequence. Ice-
rafting is recognized in the Pleistocene (Cores 1-5) from
the presence of planktonic and calcareous benthonic
foraminifers in association with pebbles. The Pliocene/
Pleistocene boundary is placed between Core 9, Section
3, and Core 11, Section 1 (80-90 m). The early/late Pli-
ocene boundary falls within the interval between Cores
15 and 17 (140-160 m) but is ill-defined owing to poor
siliceous microfossil preservation. The Miocene/Plio-

cene boundary is located between Cores 24 and 25
(about 200 m) and the late/middle Miocene boundary
near Core 34 (320 m).

Sediments between Cores 39 and 41,CC consist of
dark pelagic clay which yields only zeolites, rare fish
teeth, and small manganese micronodules bearing exter-
nal molds of juvenile planktonic foraminifers. No ages
were determined. The age of the oldest sediments cored
is Cretaceous, based on scarce Albian-Cenomanian
radiolarians from cherts in Core 41.

Diatoms

Diatoms are common to abundant in Cores 1 to 27,
become increasingly less abundant in Cores 28 to 37,
and are absent below Core 37.

Cores 1 and 2 represent the Dėnticula seminae Zone,
and the top of the range of Rhizosolenia curvirostris, in
Core 3, Section 2, marks the base of this zone (0.26 m.y.
B.P.). Cores 3 and 7 lie in the R. curvirostris Zone, and
the top occurrence of Actinocyclus oculatus, marking
the base of this zone (0.9 m.y.B.P.), is in Core 7, Sec-
tion 4. Cores 7 to 9 represent the A. oculatus Zone; the
base of this zone (1.6-1.8 m.y.) approximates the Plio-
cene/Pleistocene boundary, and is based on the lowest
occurrence of Pseudoeunotia doliolus and the highest
occurrence of Thalassiosira antiqua (between Cores 9
and 10). Cores 10 to 14 have been assigned to the D.
seminae fossilis Zone, although the top of occurrence of
D. kamtschatica, marking the base of the zone, is diffi-
cult to locate because of reworking; it may be as high as
Core 12, Section 5. Cores 12 to 19 were placed in the D.
seminae fossilis-D. kamtschatica Zone. The early/late
Pliocene boundary is in the lower portion of this zone
but was not precisely located. The lowest occurrence of
D. seminae fossilis was in Core 19 and was used to
define the top of the D. kamtschatica Zone.

The Miocene/Pliocene boundary, based on the high-
est occurrence of Rouxia californica, is in Core 25. The
lowest occurrence of D. kamtschatica in Core 28 marks
the top of the D. hustedtii Zone, which extends from
Cores 29 to 30. The highest occurrence of D. lauta in
Core 30 marks the top of the D. lauta-D. hustedtii
Zone. The lowest occurrence of D. hustedtii is in Core
37, Section 1, marking the top of the D. lauta Zone,
which extends to the lower part of Core 37. No diatom
remains were found in or below Core 38.

Radiolaria

Common to abundant, well-preserved radiolarians
were recovered from Cores 1 through 39-1; they are not
present between Cores 39-3 and 40 and are rare and
poorly preserved in Cores 41 and 42.

In Cores 1 through 3, we recognized the latest Qua-
ternary Botryostrobus aquilonaris Zone (0-0.4 m y.B.P.).
Cores 4 through 6 are assigned to the late Pleistocene
Axoprunum angelinum Zone (0.4-0.9 m.y.B.P.) and
Cores 7 through 10 to the early Pleistocene Eucyrtidium
matuyamai Zone (0.9-1.8 m.y.B.P.). Cores 11 through
17 and 18 through 28 are assigned to the Lamprocrytis
heteroporos and Sphaeropyle langii zones, respectively.
The Cannartus pettersoni Zone was recognized in Cores
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33 through 34-3, and the middle/late Miocene boundary
lies within or just below this interval. Cores 34-3 through
39-1 are assigned to the Dorcadospyris alata Zone. Core
39-2 bears a few fragments of orosphaeridae radiolari-
ans, but there is no indication of age.

The pale olive clay and cherts in Core 41 contain
abundant but very poorly preserved radiolarians. The
assemblage, including Spongosaturnalis hueyi group,
Hemicryptocapsa prepolyhedra, and Dictiomitra pseu-
domacrocephala and lacking Cenozoic forms, suggests
an Albian or Cenomanian age.

Foraminifers
Planktonic and calcareous, shelf-type benthonic for-

aminifers were recovered in association with pebbles
from several samples in Cores 1 through 5. The depth of
this site relative to the regional CCD (3500 m) requires a
very rapid burial of calcareous material to prevent its
dissolution, and ice-rafting in association with late
Pleistocene climatic fluctuations provides a plausible
mechanism.

Agglutinated benthonic foraminifers characterize
surficial and subsurface Tertiary sediments at this site,
including Saccammina, Reophax, Cyclamminna, Bath-
ysiphon, and Martinottiella, and the nonagglutinated
siliceous species Si/icosignioilina splendida described by
Thompson in this volume. Martinottiella disappears at
the top of Core 19 near the early/late Pliocene bound-
ary.

External molds of small globigerinid or globorotaliid
foraminifers were observed in small manganese micro-
nodules from the otherwise fossil-poor pelagic clay be-
tween Cores 39 and 41. Nucleation of the manganese
must have been rapid—otherwise the fragile foraminif-
eral tests would not have survived calcite dissolution at
such depth during sedimentation of this interval.

Fecal Pellets
Four morphologically distinct types of fecal pellets

were recovered between Cores 1 and 26. Because of the
large proportion of detrital mineral matter in the pellets
we assume burrowing sediment-eaters such as poly-
chaetes or holothurians to be the producers. The fact
that the greatest frequency of pellets occurs between
peaks of volcanic ash layers may indicate that floods of
volcanic debris disturbed the benthic ecology.

PHYSICAL PROPERTIES
At Site 436 we determined compressional sound ve-

locity, wet bulk density, water content, porosity, un-
drained shear strength, and thermal conductivity. A
summary of the shipboard techniques for determining
these parameters is included in the introduction to this
volume, and a more detailed discussion is presented by
Boyce (1976).

Generally high core recovery allowed frequent deter-
minations of velocity and of wet bulk density with the
GRAPE. Gravimetric techniques on numerous samples
gave good quality determinations of density, porosity,
and water content throughout the hole; excellent agree-
ment is seen between these data and the interpretative

values obtained from the continuous GRAPE data.
Data for physical properties are presented in Appendix
II (this volume), and plots with depth of velocity, densi-
ty and porosity are shown on the Site 436 Site Summary
Chart (back pocket, this volume). Table 1 shows aver-
ages of velocity, density, and porosity for each litholog-
ic unit.

Velocity
Velocity values generally increase with depth in the

first 40 cores, ranging from 1.5 km/s at the top to 1.65
km/s near the bottom. In Sub-unit 3B only scattered
chert was recovered, and no formation velocity can be
estimated. The changes in velocity correlate well with
lithologic changes. Consolidation of recovered sediment
with sub-bottom depth in lithologic Units 1A and IB is
indicated by a gradual increase in the velocity from
about 1.53 km/s to 1.60 km/s. An increase in the veloci-
ty to about 1.64 km/s corresponds with the change to
lithologic Unit 2. The transition from Unit 2 to Sub-unit
3A (pelagic clay) is accompanied by a significant de-
crease in velocity to about 1.61 km/s. Velocities were
taken on several Porcellanite and chert samples; two
ranges of values were found, averaging around 2.6 km/s
(eight Porcellanite samples) and 4.8 km/s (two chert
samples).

Numerous ash layers are present in the upper 300
meters of the hole; 17 velocity determinations gave an
average value of 1.64 km/s, which is substantially high-
er than the average of all values. This suggests that the
faint seismic reflectors within the sedimentary section
(see Figure 2) are from ash-rich layers within an other-
wise uniform section.

Velocity measurements were made on samples both
parallel and perpendicular to the bedding to determine
if any velocity anisotropy is present. Half of these deter-
minations are in the vitric diatomaceous claystone of
Sub-unit IB, the rest in the radiolarian diatomaceous
claystone and pelagic clay of Unit 2 and Sub-unit 3A.
Eight of 14 pairs in Sub-unit IB show a slightly higher
velocity parallel to the bedding (0.016 ± 0.005 km/s), 2
indicate an opposite anisotropy (0.013 ± 0.001 km/s),
and 4 are inconclusive. Of 14 measurements in Unit 2
and Sub-unit 3A, 11 indicate a higher velocity parallel to
bedding (0.045 ± 0.021 km/s); 3 are inconclusive.
These results indicate that there is only a slight aniso-
tropy in the vitric diatomaceous claystone but that a
well-defined anisotropy is developed in the radiolarian

TABLE 1
Correlation of Physical Property Data with Lithology at Site 436

Lithologic
Unit/Sub-unit

1A
IB
2
3A
3B

Depth
Interval

(m)

0-245.5
245.5-312
312.0-359.5
359.5-378.5
378.5-397.5

Interval
Velocity

(km/s)

1.53 ± 0.02
1.60 ± 0.03
1.63 ± 0.03
1.61 ± 0.03

Density
(Mg/m3)

1.39 ±0.6
1.44 ± 0.04
1.50 ± 0.05
1.68 ± 0.05

-

Porosity
(%)

72 ±4
74 ± 2
72 ±3
65 ± 2

-

Cumulative
Two-Way Travel

Time (s)

0.320
0.404
0.462
0.486

Note: Values for velocity, density, and porosity are averages of measured values over each
lithologic unit. The two-way travel time is calculated from the interval velocity and indi-
cates the seismic reflection time to the base of the lithologic unit.
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diatomaceous claystone and pelagic clay, with velocity
parallel to the bedding about 3 per cent faster in each
case.

Several velocity intervals appear to be present in the
hole; these intervals correlate well to changes in lithol-
ogy and are discussed further under the section on cor-
relation with seismic reflection data. The interval veloci-
ties shown assume that 5 per cent of the section is com-
posed of ash layers with a velocity of 1.65 km/s.

Wet Bulk Density

Wet bulk density increases gradually throughout the
first 350 meters of the hole, from about 1.4 to 1.5
Mg/m3. A more rapid increase to about 1.7 Mg/m3 oc-
curs at the base of Unit 2 and in Sub-unit 3A, corre-
sponding to increased amounts of pelagic clay. In gener-
al, the density appears to reflect primarily increasing
consolidation with depth throughout most of the hole,
except in the pelagic clay, where the increased density
reflects the abrupt change in lithology.

Density measurements were made on five ash units
but show considerable scatter; the average is 1.45 ±
0.15 Mg/m3, or slightly lower than that of the surround-
ing sediment. There is excellent agreement between the
gravimetric data and the continuous and two-minute
GRAPE data.

Porosity and Water Content

Both porosity and water content are also relatively
uniform. Porosity is around 70 per cent and decreases to
around 55 per cent in the pelagic clay. Water content is
around 50 per cent throughout the upper 300 meters, de-
creasing to 37 per cent in the brown clay. Again the
agreement between the GRAPE and gravimetric poros-
ity data is excellent.

Shear Strength

Shear strength determinations were all made with the
Cl-600 Torvane apparatus. The data show considerable
scatter but generally increase from around 6 kPa at the
surface to a maximum measured value of around 65 kPa
at 200 meters. Measurements were discontinued below
213 meters when cracking of the sediment indicated lack
of cohesion. The deep ocean sediments appear to have
somewhat greater shear strength than the inner trench
wall sediments at Site 435, although the difference may
reflect primarily fracturing of sediment through degass-
ing at Site 435. A plot and discussion of the shear
strength values is included in Carson and Bruns (this
volume).

Thermal Conductivity

The excellent percentage of core recovery at Site 436
allowed numerous good quality measurements of ther-
mal conductivity to be made over the complete core sec-
tion. The measured values are plotted versus depth in
Figure 8. The needle probe observations (triangles)
show slightly more variation than the QTM observa-
tions, suggesting that the random error associated with
the QTM measurements is less. The QTM values are
somewhat higher in the upper 60 meters than in the sec-
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Figure 8. Thermal conductivity versus sub-bottom depth,
Site 436.

tion between 60 and 260 meters. The needle probe ob-
servations, on the other hand, show uniform values
from the surface to 280 meters. The QTM measure-
ments in the upper 60 meters may be biased to higher
values because of systematic errors in measurement
technique. These errors are discussed in the Introduc-
tion and Explanatory Notes (this volume). However,
values at 435 were also higher in the upper 60 meters of
sediment.

The thermal conductivity appears only slightly sensi-
tive to the increasing lithification of the sediments with
depth. The diatomaceous ooze becomes increasingly
firm at a depth of about 200 meters and at 250 meters
can be classed as mudstone—in this interval the conduc-
tivity does not increase at all. Below 250 meters, con-
ductivity increases significantly and in the dark brown
manganese-rich clay near the bottom of the hole gives
relatively high values (1.0-1.3 W/m-°C). The increase
correlates with a decrease in water content in the zeolitic
clays and, to a lesser extent, with the composition of the
sediment.
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Discussion

Physical properties at Site 436 are remarkably uni-
form, with the slight changes in the upper 330 meters
due primarily to consolidation. Major changes occur in
the bottom 70 meters of the hole and are due to the de-
creasing abundance of biogenic silica, increasing clay
content, and diagenetic changes of the sediment. Major
changes in physical properties probably occur in the
chert-rich sediments of Cores 41 and 42, but recovery
was inadequate to study these changes.

CORRELATION WITH SEISMIC
REFLECTION DATA

The major lithologic units can be recognized in the
acoustic stratigraphy of single-channel seismic records.
Figure 2 shows the seismic reflection record obtained by
the Glomar Challenger passing over Site 436. Table 1
gives the lithologic units and interval velocity values
used to calculate two-way reflection times to lithologic
boundaries. The upper 0.1 second of the record is ob-
scured by bubble reverberations. The increase in fre-
quency of closely spaced reflectors in the Pliocene and
late Miocene section may result from increasing ash
content. The tan pelagic sediments are represented by a
transparent zone. The chert shows a strong though dis-
continuous reflector. Deeper sediments were not sam-
pled.

GEOCHEMISTRY
Site 436 was drilled in 5248 meters of water on the

seaward side of the Japan Trench to a sub-bottom depth
of 397.5 meters. The top 300 meters of sediment were
primarily diatomaceous with interbedding volcanic ash
layers. A layer of brownish-black clay at 350 to 380
meters covered a chert bed at hole bottom.

Interstitial Water
A major accomplishment at this site was obtaining

five in situ water samples using a sampler designed by
Ross Barnes (see Initial Reports Volume 47, Part 2, for
description of apparatus) from sub-bottom depths of 90
to 330 meters. This is the greatest depth at which the
sampler has been used successfully and the first time
that an attempt was made to obtain samples at regular
intervals.

Ordinarily, interstitial water is squeezed from sedi-
ment after the core has been brought on deck. During
the time between cutting the core at depth and squeezing
pore water in the laboratory, ions can equilibrate be-
tween water and sediment so that the interstitial water
chemistry obtained may not represent the geochemistry
in situ. Pressure and temperature differences as well as
sea water drilling fluid contamination can exaggerate
these effects. The in situ water sampler eliminates these
problems because it is shoved into the sediment at the
bottom of the hole. Interstitial water is then taken,
sealed, and brought to the surface.

Because the interstitial water ions are the "soup" in
which sediment diagenesis takes place, obtaining valid

analyses on samples taken at in situ temperatures and
pressures is valuable to understanding the geochemistry
and chemical diagenesis in sea floor sediments.

The results of analyses of both laboratory-squeezed
and in situ interstitial water are shown in Figure 9. Fig-
ure 9 shows that alkalinity was high (nine times that of
sea water) from 35 to 80 meters and then gradually de-
creased to hole bottom. However, its level throughout
the hole remained at least twice that of surface sea water
values. This parameter provided a convenient way to
monitor proper functioning of the in situ sampler. As
Figure 9 shows, the in situ samples have the same de-
creasing trend with depth as the laboratory samples. How-
ever, the in situ samples show about 2 meq/1 more alka-
linity than the laboratory samples. Two other unsuccess-
ful attempts to use the in situ sampler were made at 65
meters and 141 meters. Low alkalinity showed these sam-
ples to be sea water.

Calcium shows an increase with depth, whereas mag-
nesium decreases. This type of trend has been observed
at other DSDP sites with similar deposition rates (about
5 cm/103 years, 0-200 m) (Sayles and Manheim, 1975).
Salinity and chlorinity are both higher at depth than at
the surface. Similar trends have been observed at other
sites containing volcanic debris (Sayles and Manheim,
1975). In situ water values generally show the same
trends as the normal samples, with the values of in situ
water generally showing a greater difference from those
of surface water.

All chemical parameters for Core 40 (378 m) from
Site 436 are anomalous in comparison to the rest of the
hole. The sediment is a brownish-black clay which first
appears, with a dramatic sediment color change, in Core
39. Small manganese nodules and fish teeth are evident
in the sediment. The deposition rate has been estimated
to be lower here than in the rest of the hole. Interstitial
water values show a drop in both pH and alkalinity.
These changes may be related to mineral diagenesis, be-
cause salinity, chlorinity, magnesium, and calcium all
increase. In particular, calcium rises to a value of twice
that seen anywhere else in this hole. It may be signifi-
cant that these changes occur just above a chert layer.

We found one peculiarity in the interstitial water
analysis of calcium in some of the samples that may be
relevant to the presence of other unanalyzed metal ions:
An "interference" was noted periodically, particularly
in Core 40. Using the method of Tsunogai, Nishimura,
and Nakaya (1968), the presence of calcium is indicated
by a color change from pink to colorless upon titration
with ethylene bis (oxyethylenenitrile) tetra-acetic acid
(EGTA) in the presence of 2,2'-ethane-diylidene dini-
trilodiphenol (GHA) indicator. In our analysis a yellow
color formed in the mixture before titration, interfering
with detection of the color change. Because we know di-
phenols to be prone to oxidation by such agents as tran-
sition metals to give quinones, which are usually colored
(see, for example, Fieser and Fieser, 1961), and because
there is other evidence of extensive manganese in this
sediment the presence of manganese in one of its higher
oxidation states is consistent with the interference.
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Figure 9. Interstitial water analysis (alkalinity, chlorinity, salinity, and calcium and
magnesium) and sediment organic carbon and calcium carbonate. (× = in situ
water samples, = normal samples, and o = surface sea water.)

Organic Chemistry

No methane was detected in Hole 436. Only a few
cores (at about 200-300 m) showed any gas pressure
upon standing. The Carle gas chromatograph indicated
that this gas consisted of air or air enriched with nitro-
gen. The total absence of methane is puzzling, because
Holes 434 and 435, which have very similar lithologies,
contained biogenic methane. The deposition rate in this
hole (about 5 cm/1000 yr at 0-200 m and about 2.5
cm/1000 yr at 250-300 m) is comparable to that found
in the upper sections of the other two holes. Organic
carbon content (Figure 9) from 0 to 200 meters is lower
(0.4%-0.8%) than at the other sites and drops to below
0.4 per cent in Core 11, at about 100 meters. This is
about the depth at which CH4 production usually begins
in other DSDP sites. Thus, absence of CH4 is probably
due to insufficient carbon for microbial growth. The
carbon may have been used up by sulfate-reducing bac-
teria in the top 100 meters, so that sulfate reduction
never yields to deeper bacterial methane production.
The presence of pyrite throughout this hole—particular-
ly as black bands below volcanic ash beds—the decrease
of organic carbon with depth, and the high interstitial
water alkalinity values are all consistent with the occur-
rence of microbial reduction of sulfate to sulfide through

the hole. In addition, the organic matter below 100 me-
ters may be more reworked and refractory and not as
good for a microbial diet as material in Holes 434 and
435. This seems unlikely in the top part of the holes, be-
cause both organic input (diatoms) and deposition rates
are comparable for the three sites. However, fecal pel-
lets and manganese-encrusted fish teeth are common in
the top 100 meters of Hole 436 (see Thompson and Whe-
lan, this volume). The source of the fecal pellets is un-
known but could be burrowing bottom feeders, such as
benthic worms. The presence of the burrowers and small
manganese nodules indicates a more oxic depositional
environment, which should result in more refractory or-
ganic material.

Pyrolysis-fluorescence data are plotted versus organ-
ic carbon in Figure 10. The fluorescence is low and
shows considerable scatter. Qualitatively, these values
are diagnostic of refractory organic material (see Ryan
and von Rad, 1979, for description of the technique,
and Site 434 chapter, this volume, for further descrip-
tion of the meaning of the data).
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CARBON-CARBONATE (%)
1-82

Carbonate:
Organic carbon:

GRAIN SIZE l%
Sand

1-80 10
3-10 5

Quartz
Feldspar
Heavy mins•
Clay

Pyrite
Diatoms

Sponge spicules
Silicoflagellates

1.0
0.6

Silt Clav
38 52
48 47

1-61+ 1-6
3 3

16 20

9 27

4 8

25 2
40 35

3 5
— TR

olive g
(5G 2/1) spot
les are
hicwa

3-12
1.0
0.5

5 1-99'
2

15

20

8

35

20
TR

abund

ey
s an
ant

eke rich in

V 0

2-50'
7

25
TR
23

TR
TR
5

35

5
—

5Y 4/2), intensely
d pate
nsec
pyrite

ies, which contain
ions 2 and 3.
was found at

2-70 3-50 3-90
3

20

14
7

1
35

20
TR

5
15

27

10

2
30

10
1

3
20

25
15

2
35

10
—
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at 3-1: 16-20 cm,
3 5: 90 cm and in
(15% 20%). Pebb

LITHOLOGIC DESCRIPTION

CC. In 3-3 and 3-5, se
es of vitric tuff a

CARBON-CARBONATE (%)

Carbonate:
Organic carbon:

1.0

epre

0.0
0.5 0.6

CARBONATE BOMB: 4%, CC

GRAIN SIZE {%
Sand

1-55 3
5-55 3

SMEAR SLIDES

Quartz
Feldspar

Clay
Volcanic glass
Glauconite
Pyrite
Diatoms

5Y 4/2 Radiolarians
Sponge spicules
Silicoflagellate!

Silt Clay
45 52
35 62

l%)
1-17* 1-80

4
16 20
TR

40
84 7

TR
1 2

TR 20
TR

— 7
TR

2-80
4

20

48
8

2
15
TR

3
TR

dim"!
ent.

3-8
3

20

34
20
TR

1
20
TR

2
TR

3-5:

) 4-8C
1

10
TR

5
83
—
—

1
—
—
TR

32-37 cm, 3-5

t 4-110
3

22

18
5

—
1

40
TR
10

1

sturbed.

JcSCm•

5-80
3

20

24
15
—

1
30
TR

7

SITE 436 HOLE CORED INTERVAL: 27.0-36.5 m
FOSSIL

CHARACTER

GRAPHIC
LITHOLOGY

LITHOLOGIC DESCRIPTION

DIATOMACEOUS SILTY CLAY: I (5Y 4/2 to 5Y 3/2)

4-1: 148150 cm, 4-2: 2-6 c
I n Section 1, the mud is enrii

CARBON-CARBONATE (

,4-4: 88 90 cm, 4-6: 20-23 er

:r olive grey (5Y 3/2) diatomaci

Carbonate: 1.0
Organic carbon: 0.8

CARBONATE BOMB: 3%, CC

SMEAR SLIDES (%)
2-80 3-30 3-80 4-80 5-80 6-30

— TR — — — TR —

— 20 40 20 15 25 25
— TR TR TR TR TR TR
— 7 10 3 3 3 3
— TR — TR TR — 1



SITE 436 HOLE CORED INTERVAL: 36.5-46.0 r

FOSSIL
CHARACTER

O ._
QC _

I Z

RM FM AG

GRAPHIC
LITHOLOGY

<J•-

LITHOLOGIC DESCRIPTION

DIATOMACEOUS SILTY CLAY: greyish olive (10Y 4/2). intensely
disturbed. Diatom content is higher in Sections 1 and 2, lower in Seci
3 and 4. Patches of grey (N5) vitric ash occur at 5-2: 68-80 cm and
5-3: 69-73 cm. A rounded pebble of semilithified vitric tuff was foul
at 5-1: 110 cm, and a small piece of black scoria at 5-2: 65 cm.

CARBON-CARBONATE (%)
1-20

Carbonate: 1.0
Organic carbon: 0.5

SMEAR SLIDES (%)
1-28 1-70 1-140 2-50 2 78* 3-80 4-30

Quarts 6 3 5 3 — 5 2
Feldspar 25 20 20 15 15 17 20
Clay 30 45 38 23 — 46 45

TR TR —

30 15 25
TR TR TR

SITE 436 HOLE CORED INTERVAL: 46.0-55.5 m

LITHOLOGIC DESCRIPTION

DIATOMACEOUS VITRIC S1 LTY CLAY: greyish olive green
dusky yellowish green (5GY 4/2), intensely disturbed. Volcan

Sections 4-5. Large patches of vitric ash occur at 6-3: 108-13!
6-4: 0-50 cm. small patches in the interval 33-57 cm in Section 2 and
at 6-2: 132 cm, 6 4: 80-90 cm, 6-5: 0-3 cm and 6-5: 59 62 cm.

md

Carbona
Organic carbon:

GRAIN SIZE l%)
Sand

2-84
4-84

7
12

Silt
45
51

0.0
0.6

Cli
48
?,:

1.0
0.5

SMEAR SLIDES 1%)
1-20 1-40 2-70 3-70 3-137' 4-45? 4-56 4-70 4-86t 5 30

15 15 20 15 20
48 55 38 37 —

Pyrite

Sponge spic
Silicoflagella
Carb. unspe

20 15 12

TR TR — — — — TR —



SITE 436 H O L E CORED INTERVAL: 55.5-65.0m

LITHOLOGIC DESCRIPTION

DIATOMACEOUS VITRIC SILTY

(5GY 4/2) in the lower, mottled th
light grey (N8) and dark grey (N4)
Suction 2: 5 cm, 15-20 cm, 25-30
108 cm, 115 cm. Section 4: in th<
interval 135-150 cm. Section 6: 2!

:n (5GY 5/2) to greyish olive green
roughout. Brown (5YR 5/21 very
</itrtc ash interbeds and patches at:
:m, 37 cm, 85 cm, 73 cm. 98-104 cm,
interval 65-92 cm. Section 5: in the

ielydis irbed.

CARBON-CARBONATE (%)
1-62

Carbonate: 1.0
Organic carbon: 0.7

CARBONATE BOMB: 0%, CC

SMEAR SLIDES 1%)

Diatoms
Radiolarians
Sponge spic.
Silico.

20 —
TR —
3 —

TR —

19 —
TR —
2 —

TR —

2-80 2-101' 3-80 4-50 4-76t4-90 5-80 640

20 20 15 2 15 15
— — TR — — —
— — TR TR — —
32 18 25 50 31 39
8 9 50 30 12 25
1 — TR TR 1 1

30 40 10 15 35 16
TR TR TR TR TR TR

TR — — — TR TR

SITE 436 HOLE CORED INTERVAL: 65.0-74.5 m
FOSSIL

CHARACTER

GRAPHIC
LITHOLOGY

LITHOLOGIC DESCRIPTION

DIATOMACEOUS VITRIC CLAY: dusky
green (5GY 4/2), moderately disturbed, wi

in Section 3: 0-40 cm, where the ash is ver
light brownish grey (5YR 6/1) in the lower

CARBON-CARBONATE 1%)

yellowish green to greyish oliv
i numerous patches and distu

light grey in the upper part £

Carbonate
Organic ca

CARBONATE BOMB: 0%, CC

1-4/2 2•84
4-84

Carb.
Du .o
Radk
Spoil!
S llo

ms

je spin
flagella

50 55 —

TR — —

TR TR —

— TR —

2-39*
4

13
1
2

—
80
TR
—

3-241 3-80

10
TR T
TR T
10 6
77 2
TR T

3
1
j

R TR
5 5
R TR
R TR
3 55
J 15
R
_ —
2 20
R TR
3 5

TR
10

T R

TR
46
20
TR

12
2

10
TR TR TR



SITE

u

M
E

-R
O

U
N

IT

•-

LU

ü
O

436

,_

O
S

T
R

A
Z

O
N

E
<α

c

1

i

t

c

"3

°

π
o

c
y

o

HOLE
FOSSIL

CHARACTER

R
A

M
S

O

B

B

R

S
O

N
N

Z

n
<

CG

V
T

O
M

S

α

AG

CORE

S
E

C
T

IO
rv

2

3

4

5

6

CC

M
E

T
E

R
S

9

_

-

-

-

• -

-

_

:

:

;

CORED INTERVAL:

GRAPHIC
LITHOLOGY

-

-

**_
\ ^
>^

'' II

' * , "

vf*«
xj1»",

//"%

^ i « '

— . * '

5-d/«

-̂

- \ j

%

•V

L

•~_rr_~_

_ ._. —.

- . " H T - "

.

-."'_."'_":

,"..Jt.l*

• •_ —_j ~ I J .'

;-:.---.

... — . .

— — — .

w.

:::si
~-~<

.~•™"'

S
T

U
R

B
A

N
D

IM
E

N
T

;
R

U
C

T
U

R
E

H
O

IO
G

IC
M

P
L

E

GZ

fir

WC

WC

WC

GZ
CC

74.5-84.0 m

5GY4/2

LITHOLOGIC DESCRIPTION

DIATOMACEOUS VITRIC S1 LTY CLAY:

or pale
Diatom
Vitric a
and Se
increase

green (10G 6/2)
content is highe
h layers and pat
tion5: 100 m
s above and betvi

n the middle
t in the lowe

ches are most
o Section 6:
een the ash 1

2-130 5-72
Carbon
Organic

te*
carbon:

N6 + 6G2/1 G R A | N S | Z E (54|

5GY 4/2

N8

5G5/2
and
10G 6/2

2-70
5-70

Sand Silt
8 69
6 45

SMEAR SLIDES {%)

Quartz
Feldspa

Clay
Vole, g
Pyrite

Diatom
Radiola
Sponge
Silico.

1.0 11.0
0.3 0.4

Clay
23
49

1-10 1-25T 1 100
3 2

r 12 10

43 20
ass 30 65

TR —

10 3
rians 1 TR
spic. 1 TR

TR
5

40
40
TR

10
TR

5

mor
part

dusky yellow

t I ' d ^ t

of Sect
abundant in
40 en
yers.

n. Ash

2-84*2-100
1
5

10
84

—

—

TR
5

55
8

TR

22
3
7

ons2
Sectio
conten

sh gre n t o

urbed
nd6.

part'

2: 0-100 cm
inth clay

3-70 4-70 570 6-60
TR
10

53
15

—

17
TR

5

7
10

55
15
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16
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3

TR
10

49
30
TR

7
TR

2

TR
3

50
15
2

20
5
5

SITE 436 HOLE CORE 10 CORED INTERVAL: 84.0-93.5 r

R
O T

FOSSIL

CHARACTER

r- -i- J

GRAPHIC

LITHOLOGY

^

;H2"
LITHOLOGIC DESCRIPTION

VITRIC DIATOMACEOUS CLAY: dusky yellowish green (5GY 4/2),
slightly to intensely disturbed. Vitric ash and muddy ash, light grey
(N7-8) to dark prey (N3-5) and yellowish green (5GY 5/2) abundant
in Section 1: 10 to 90 cm, rare patches in Sections 2, 3, and 4,
Pumice fragments l • ) . angular or subrounded, occur in Sections
2 through 6.

CARBON-CARBONATE (%)
233

Carbonate:
Organic carbon:

CARBONATE BOMB

GRAIN SIZE (%)
Sand Silt

2-31 3 41
6-31 12 50

SMEAR SLIDES {%)

0.0
0.9

: 0%, CC

Clav
56
38

6-33
0.0
0.7

5GY 4/2 Feldspar

14Qt l-67t 1-100 2-70 3-70 4 7 0 6-75
2 — TR TR TR TR TR

15 5 7 8 10 10 6
TR TR TR TR TR TR TR
TR TR TR TR — — —
15 — 60 50 55 50 65
67 95 5 20 10 25 10

TR TR TR TR



SITE 436 HOLE CORED INTERVAL: 93.5 103.0 r

O ._
QC _

I Z

SITE 436 HOLE CORED INTERVAL: 103.0-112.5 m

LITHOLOG1C DESCRIPTION

DIATOMACEOUS VITRIC CLAY: dusky yellow green (5GY 4/2),
moderately deformed. Vitric ash beds and irregular patches, light
grey (N7) to greyish green (10G 4/2). Few sharp mud-ash contacts
give core mottled appearance. Pumice fragments • (lapilli) subrounded

CARBON-CARBONATE [%)

Carbon,
Organic arbon

CARBONATE BOMB: 4%, 7-20.

GRAIN SIZE 1%)
Clay

56 38

(10GY 4/2 SMEAR SLIDES (%l
•>-M 7-177 3-7n 5-71 R-7K

Sponge spicules
Silicoflagellate;

TR TR TR

TR TR TR
47 58 45
20 15 25

TR TR TR

LITHOLOGIC DESCRIPTION

MUDDY VITRIC DIATOMACEOUS OOZE: dusky yellowish green 1
greyish olive green (5GY 4/21. intensely mottled with brownish grey
(5YR 5/1) and dark greenish grey(5G 4/1), intensely disturbed.
Vitric ash layers and patches are abundant in Section 4: 45 to 135 cm
a distinct layer is at 12-6: 5-10 cm. The ash is light grey (N7) with
pyritized zones, as at 124: 122-130 cm.

CARBON CARBONATE (%)
2-62 4-62

Carbonate: 0.0 0.0

Organic carbon: 0.4 0.2

CARBONATE BOMB: 1.5%, CC

GRAIN SIZE (%)

20
15
15
2
5

30
TR
10

15
27
8
2
3

30
TR
10

20
22
10

1
—
35
TR
10

I D

21
25
1

—
30
TR
5
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MUDDY VITRIC
to greyish olive ç
soupy. Color me
grey throughout
(bottom) and Se

LITHOLOGIC DESCRIPTION

een (5GY 4/2), intensel
ttling with dark greenish
Intensely distL

t ionδ: 0-10 en

CARBON-CARBONATE (%)

Carbonate:q
Organic carbon:

1-32
0.0
0.4

CARBONATE BOMB: 0%, CC

GRAIN SIZE (%
Sand

5GY 4/2 13° 6

Silt Clav
44 50
48 49

SMEAR SLIDES (%)
140 1-120

Quartz
Feldspar
Clay
Volcanic glass
Pyrite
Carb. unspec.
Diatoms
Radiolarians
Sponge spicules

4 5
15 20
30 21

9 20
2 2

30 25
— TR
10 7

rbed (so

4-32
2.0
0.4

3
15
37

9
1

5
25
TR

5

r•d

gre

PV

5
20
36
17

2
5

27
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dusky y

sturbed.

y (pyriti

. Vitric

5
20
19
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1
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25
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ellowish green

c) and brownish

ash in Section 4

4-1311 5-50
4
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SITE 436 H O L E CORE 14 CORED INTERVAL: 122.0-131.51

FOSSIL

C H A R A C T E R

G R A P H I C

L I T H O L O G Y
LITHOLOGIC DESCRIPTION

MUDDY VITRIC DIATOMACEOUS OOZE: dusky yello
to greyish olive green (5GY 4/2), moderately to intensely I

(N7). In Section 3: 116 cm, a dusky blue green (5BG :
of the ash occurs, and in Section 4 the ash is greenish blacl

CARBONCARBONATE {%)
3-127

Carbonate: 0 0
Organic carbon: 0.3

CARBONATE BOMB: 4%, CC

GRAIN SIZE (%)
Sand Silt Clav

1-80 9 54 37
3-125 9 51 40

Feldspar
Clay
Volcanic gla

2-80 3•74t 4-50

20 10 15
35 — 28

25 — 30
TR — TR
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10GY4/2
with
5Y5/2
and
5GY4/1

-

N7

5GY4/2

LITHOLOGIC DESCRIPTION

MUDDY VITRIC DIATOMACEOUS OOZE
greyish olive green (5GY
(5Y 5/2) and dark green

4/2). 1
sh grey

ntens ly mo
(5GY4/1);

Sections 1 through 5. Silicified dacite
top of Section 1. Vitric
dusky yellowish green tc
in the lowermost part o

ash, ligti t grey
greyish olive
Section

CARBON-CARBONATE (%l

Carbonate:
Organic carbon:

GRAIN SIZE 1%)
Sand Silt

1-85 4 34

SMEAR SLIDES (%)

-87
0.0
0.4

Clay
62

5.

5-87
0.0
0.3

fragm
(N7)

green

dusky yel
ttled
inte
ents
and
(5GV

with li
seiy di
subrou
ight m
4/2) i

1-R0 2-80 3-80 4-80 5-80 6 80
Quartz 4
Feldspar 15
Clay 30
Volcanic glass 15
Pyrite 1
Diatoms 25
Sponge spicules 10

4
15
20
15

1
30
15

4
15
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20
2

30
15

4
20
10
20

1
35
10

4
20
20
25

1
20
10

1
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18
45

1
20
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owish green to
ht olive grey
turbed-
πded) are at the
uddy vitric ash.
π Section 6 and

6-115f
2
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—
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141.0-150.5 m

pebble (rounded.
fragments in Secti
vitric ash interbed
the ash were foun
6: 78-83 cm.

LITHOLOGIC DESCRIPTION

(5GY 4/2). Intensely disturbed, with
reyish black) on

jn3 : 84 and 112
top of Section
cm. A single

occurs at 16-3:100-110 cm, anc
in Section 4 between 50 and 8

CARBON-CARBONATE (%)

Carbonate:
Organic carbon:

1-92
1.0
0.4

CARBONATE BOMB: 1.5%, CC

GRAIN SIZE 1%)
Sand

1-90 16
6-94 2

SMEAR SLIDES <

Quartz
Feldspar
Heavy mins.
Clay
Volcanic glass
Glauconite
Pyrite

5GY4/2 D t '

Radiolarians
Sponge spicules
Silicoflagellates

Silt Clav
39 45
43 55

%)

6-96
1.0
0.4

1 70 2 70 3-50 3-100*
3 3

15 15

26 19
15 7
— TR

1 1

30 30

10 20
— —

2
15 5
TR TR
13 —
17 94
TR TR

1 1
3

30
TR —
20 —
— —

1 and

wish

with
light grey c

tered dacite
ande itic tuff
sturbed

I patches
and in Sec

3f
ion

4-70 5-70 6-70 7-25
3

15

37
10

—

25
TR
10
TR

2
20

34
18
TR

1

25
TR
10
TR

3
15

22
20

1

25
TR
15
TR

3
15

32
10

—

25
TR
15
TR

vJD



SITE 436 HOLE CORED INTERVAL: 150.5-160.0 r

LITHOLOGIC DESCRIPTION

VITRIC DIATOMACEOUS SILTY CLAY: dusky yellowish green to
greyish olive green (5GY 4/2). Partly soupy, and extremely disturbed by
drilling. Numerous spots, patches and disturbed layers of vitric ash
throughout, but most abundant in Section 1: 70-100 cm and in Section
3: 50 cm to Section 4: 20 cm. Three small fragments of silicified dacite

CARBON CARBONATE {%)
4-22

Carbonate: 0.0
Organic carbon: 0.3

SMEAR SLIDES 1%)
1-90 3-52 3-55* 3•59t 3-70 3-144* 4-70

— — TR
34 54 —

15 10 —
TR — —

7 3 —
TR — —

LITHOLOGIC DESCRIPTION

MUDDY VITRIC DIATOMACEOUS OOZE: dusky yello
greyish olive green (5GY 4/2). Intensely disturbed and m
greenish colors.

CARBON CARBONATE (%)
2-32

Carbonate: 0.0
Organic carbon: 0.3

SMEAR SLIDES (%)

Radiolarians
Sponge spicule:

SITE 436 HOLE CORED INTERVAL: 169.5-179.0 r

FOSSIL

CHARACTER

GRAPHIC

LITHOLOGY
LITHOLOGIC DESCRIPTION

DIATOMACEOUS VITRIC SILTY CLAY: dusky
olive green (5GY 4/2). Intensely mottled and inte

dark grey ash layer at 19-4: 67-73 cm. Fragments

1 to greyish

disturbed
irated

"nplei "breα

CARBON-CARBONATE (%)

Carbonate:
Organic carbon!

CARBONATE BOMB:

GRAIN SIZE (%)
Sand Sil

1-58 11 58
4-58 11 49

SMEAR SLIDE {%)

Quartz
Feldspar
Heavy mins.
Clay

Volcanic glass

Pyrite
Diatoms
Radiolarians
Sponge spicules
Silicoflaαellates

0.0
0.2

1.5% CC

:
0.2

Clay
31
40

2-29 2-58 380
3

15
TR
31

TR
\

10
—
—
TR

3
10
TR
37

_

15

5
TR

3
10
—
40

TR
25
TR
10
TR

4-80
3

15
TR
32

TR
20
TR
10
TR



SITE 436 HOLE CORED INTERVAL: 179.0-188.5 r SITE 436 HOLE
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Color bands
0•60cm-N5,
5GY 3/2,
10G 4/2, 5GY 5/2
5Y6/1

WC

5GY 4/1

5GY 4/2

LITHOLOGIC DESCRIPTION

DIATOMACEOUS VITRIC CLAY: dark gr
I5GY 4/1) to greyish
color bands near the
light grey (N7) to gre

change, but relatively

olive

yishg

sharp

CARBON CARBONATE(
1-37

Carbonate:
Organic carbon:

0.0
0.3

GRAIN SIZE (%)
Sand Silt

1-35 12 55

SMEAR SLIDES (%

Quartz
Feldspar
Mica
Heavy mins.
Clay
Volcanic glass
Glauconite
Pyrite
Diatoms
Radiolarians
Sponge spicules
Silicoflagellate

1-27
2
8

51
30

TR
7
1
1

TR

green

the cc

top a

Clay
33

1-37+
1
4

TR
40
50
—
TR
5

TR
TR

—

5GY 4/21
enish gey
with different

re. VITRIC ASH AND MUDDY ASH:
0G 4/2) interbedsand patchy areas

id bottom

1-100
1
8

TR

50
24
—
TR
15

1
1

—

ontacts

1-139+
1
3

TR
—
96
—
TR
—
—

-–

2-17+
2

10

TR
25
60
TR
TR

3
TR
TR

—

2-21 +
2
5

TR
TR
—
90

3
—

—

—

SITE 436 HOLE CORED INTERVAL: 188.5-198.0 r

FOSSIL
CHARACTER

GRAPHIC
LITHOLOGY

LITHOLOGIC DESCRIPTION

DIATOMACEOUS VITRIC CLAY: dark gr
patches (ash-rich) that are light to medium d

of core.

CARBON CARBONATE (%)

SMEAR SLIDES 1%)
1-7+ 1-70 CC.4

Radiola
Sponge

CORED INTERVAL: 198.0-207,5 m

FOSSIL
CHARACTER

GRAPHIC
LITHOLOGY

LITHOLOGIC DESCRIPTION

VITRIC DIATOMACEOUS CLAY: greenish grey (5G 6/1) to greyish
green (10G 4/2) color banding, moderately deformed. Vitric ash-
85-94 cm, medium to very light grey (N6-N8); 115-120 cm greyish
green (10G 4/2) to very pale greer

CARBON-CARBONATE (%)
1-63

Carbonate: 0.0
Organic carbon: 0.2

CARBONATE BOMB:

GRAIN SIZE {%)
Sand Silt

1-61 7 51

1.5%, CC

Clav
42

SMEAR SLIDES [%)
1-7? 1-R0+

Quartz 1
Feldspar 5
Mica TR
Heavy mins. TR

TR
5

TR
TR

i(10G 8/2); beds h

CC-5
TR

5
TR

Radiolarian
Sponge spic
Siiicoflagell

4
to



SITE 436 HOLE CORED INTERVAL: 207.5-217.0 t SITE 436 HOLE CORED INTERVAL: 217.0-226.5 r

to
to

N5-N6

5GY 4/2 VITRIC DIATOMACEOUS CLAY: greenish grey (5GY5/1)v
ndistinct iπterbeds of ash, and pyrite-πch horizons that are da
moderately deformed. VITRIC ASH: 138 cm, Section 3-ligh
I5Y 6/1) and olive black (5Y 2/1) base (pyritizedl with distinc

dentified by greyish green (10G 4/2) color. Pumice pebble (la

CARBON-CARBONATE (%)
2-43

Carbonate: 0.0

GRAIN SIZE <%|
Sand SJj

LITHOLOGIC DESCRIPTION

SMEAR SLIDES (%)
2-211 2-79 3-31 3-37 3-62 3-138t 4-94

TR — 10 TR TR TR 1

TR — TR TR TR TR —
— — TR TR TR TR — —
50 10 30 45 50 59 54
8 5 9 30 8 25 2 80

— — — — — TR — —
— — 10 TR TR TR 1 7
35 10 40 15 35 10 35 —

2 — 1 2 2 1 1
TR — TR TR TR TR 1
TR — TR TR TR TR TR —

FOSSIL

CHARACTER

Jçç

OS-'

GRAPHIC
LITHOLOGY

LITHOLOGIC DESCRIPTION

DIATOMACEOUS CLAY:
with dark grey (N3I I:
P e b b l e s | l a p a " d a

ayers
smoc

dark greenish gπ
and p;

,th »d,

CARBON-CARBONATE {%)

Carbonate:
Organic carbon: 1

J.
1
1
10
D.2

CARBONATE BOMB: 0%, CC

GRAIN SIZE 1%)
Sand Sir

1-60 3 44

SMEAR SLIDES 1%)

Quartz
Feldspar
Mica
Heavysniπs.
Clay
Volcanic glass
Pyrite
Diatoms
Radiolarians
Sponge spicules
Silicoflaαellates

1 70
1
7

TR
TR
53
10

1
20

4
4

TR

Clay
53

atches that
:anic rock f

2-70 2-117
TR

5
TR
—

60
8

TR
25

2
TR
TR

TR
5

TR
TR
47

8
TR
30

5
5

SITE 436 HOLE

FOSSIL

CHARACTER

CORED INTERVAL: 226.5-236.0 t

GRAPHIC

LITHOLOGY
L I T H O L O G I C DESCRIPTION

CLAYEY DIATOMACEOUS OOZE: greyish green (10GY 4/2
N3 patches moderately deformed with dark grey (N3t layers and patches

10GY4/2

CARBON-CARBONATE (%)

Carbonate:
Organic carbon:

GRAIN SIZE (%
Sand

1-68 5

SMEAR SLIDE

Quartz
Feldspar
Mica
Heavy mins.
Clay
Volcanic glass
Pyrite
Diatoms
Radiolarians
Sponge spicules
Silicoflagellate;

1-67
1.0
0.3

Silt Clav
43 52

1%)
1-70

1
5

TR
TR
31
10
TR
45

3
5

TR



SITE 436 HOLE CORED INTERVAL: 236.0-245.5 m

FOSSIL

CHARACTER

M
E

- N
GRAPHIC

LITHOLOGY
LITHOLOGIC DESCRIPTION

5G 5/1

CLAYEY ASH grades downward to Dl ATOMACEOUS CLAY:
greenish grey (5G 5/11 to dark greenish grey (5GY 4/1), very
deformed. Ash-rich patch at 16 cm.

CARBON-CARBONATE (%)

131
Carbonate: 0.0
Organic carbon: 0.4

CARBONATE BOMB: , CC

125 1 35

SMEAR SLIDES 1%)

Sponge spiculei
Silicoflagellates

SITE 436 HOLE CORED INTERVAL: 245.5-255.0 r

FOSSIL

CHARACTER

M
E

-R
O

N
IT GRAPHIC

LITHOLOGY

VOID

LITHOLOGIC DESCRIPTION

DIATOMACEOUS VITRIC SILTY CLAY AND CLAYSTONE:
0-300 cm, dark greenish grey (5GY 5/1). slightly deformed, witr
parts becoming harder, more lithified. (First occurrence of semi

lithified units). VITRIC ASH: light grey (N7), son
top and bottom contacts. Ash rich layer at 74-75 c
black (5YR 2/11. Silicified hornblende dacite.

CARBON-CARBONATEI%)

ized with gradational

Carbon
Organica t t : b

GRAIN SIZE tt
Sand

1-70
3-36

5
8

i l
Silt
41
38

1-69
0.0
0.3

Clav
64
54

3-38
0.0
0.2

SMEAR SLIDES (%)
1-40 1-75* 1-140 2-80 3-40

TR —

Radiolarians
Sponge spicules
Silicoflagellates

SITE 436 HOLE CORED INTERVAL: 255.0-264.5 m

FOSSIL

CHARACTER

GRAPHIC

LITHOLOGY
LITHOLOGIC DESCRIPTION

5G6/1
with
5GY 6/1

CLAYSTONE: greenish grey (5G 6/1)
(5GY6/1I. Deformation is slight to m
Secondary pyrite stains (?) resembling
brownish black (5YR 2/1) concretion i

CARBON-CARBONATE (%)
1-82

Carbonate: 0.0

Organic carbon: 0.5

CARBONATE BOMB: 0%, CC

GRAIN SIZE (%)

_CJay

itout 2.5 x 2.0 c

38 60

r slides (%
140 1-73

Volcanic glass
Pyrite
Carb. unspec.
Diatoms
Radiolariaπs
Sponge spiculei
Silicoflagellate!

TR TR
1 1

TR TR

SITE 436 HOLE CORE 29 CORED INTERVAL: 264.5-274.0 r

FOSSIL

CHARACTER

çç

GRAPHIC

LITHOLOGY

üii

LITHOLOGIC DESCRIPTION

DIATOMACEOUS CLAYSTONE: greenish grey (5G 6/1) to dark
greenish grey (5G 5/11, slightly to moderately deformed. Some dark
concretionary or concentric banding at 34-38 cm. VITRIC ASH: light
grey (N7) to very light grey (N8I. Ash at 104-120 cm is medium dark gr(
(N4), pyritized and deformed by drilling.

CARBON-CARBONATE (%)

Carbonate:
Organic carbon:

GRAIN SIZE 1%)
Sand

1-42 5
2-42 5

Silt
44
42

SMEAR SLIDES (%)

Quartz
Feldspar
Heavy mins.
Clay
Volcanic glass
Pyrite
Diatoms
Radiolarians
Sponge spicules
Silicoflagellates

1-30
2

10
—
60
8

TR
15
TR

5
TR

0.0
0.2

Clay
51
53

- 1-70*
3

10
TR
—
87
TR
TR
—
TR

to



SITE 436 HOLE CORED INTERVAL: 274.0-283.5 r

LITHOLOGIC DESCRIPTION

DIATOMACEOUS VITRIC CLAYSTONE: 0 300 cm, greenish gr<
(5GY 6/1), slightly deformed. Some mottling with light olive gre•
(5Y 6/11 and medium dark grey (N4), possibly pyritized ash.
TUFFITE: 300410 m, greenish grey (5GY 6/1), only slightly

VITRIC ASH: light grey (N7) ith s
Top ;

CARBON CARBONATE 1%)
1-88

Carbonate: 0.0
Organic carbon: 0.2

SMEAR SLIDES (%)

Quartz
Feldspar
Mica
Heavy mins.
Clay
Volcanic glass
Pyrite
Carb. unspec.
Diatoms
Radiolarians
Sponge spicules
Silicoflagellate!

1-fiO. ?-R(l 3-35
1
7

TR
TR
59
20
TR

10
1
2

TR

2
8

—

65
10
TR
2

10
3
1

TR

32
8

38
40
TR

2
8
2

TR
TR

SITE 436 HOLE CORED INTERVAL: 283.5-293.0 r

FOSSIL
CHARACTER

GRAPHIC
LITHOLOGY

LITHOLOGIC DESCRIPTION

DIATOMACEOUS VITRIC CLAYSTONE; VITRIC DIATOMACEOUS
CLAYSTONE: greenish grey (5GY 6/1) to light olive grey (5Y 6/1).
somewhat brecciated by drilling. Very homogeneous. One calcareous (?)
burrow filled with mud preserved at 71 cm, Section 3. Core catcher:
dusky blue-green (5BG 3/2) top, light grey (N7) base. VITRIC ASH: light g
(N7) with relatively sharp top and bottom contacts. Brownish-black daci
and . uff In i (2-5 c

CARBONATE

Carbonate:
Organic carbon:

CARBONATE BOMB: 1

GRAIN SIZE (%)
Sand Silt

2-70 6 45
4-70 1 37

SMEAR SLIDES {%)

0.0
0.1

J%, CC

Clav
49
62

0.0
0.1

1-50 2-80 3-80 4-80 CC. 10
Quartz 2
Feldspar 10
Heavy mins.
Clay 49
Volcanicglass 15
Pyrite TR
Carb. unspec.
Diatoms 20
Radiolarians 3
Sponge spicules 1
Silicoflagellate! TR

2
8

TR
46
20
—
2

15
1
3

2
10
TR
43
25
—
—
15
2
3

TR

2
10
TR
59
12
—
—
12
3
2

2
8

TR
40
15
TR
—
25

5
5

TR



SITE 436 HOLE CORED INTERVAL: 293.0-302.5 r

FOSSIL

CHARACTER

GRAPHIC

LITHOLOGY

( - -_-

1_ .li±i >' . ,K^L-—J i

LITHOLOGIC DESCRIPTION

VITRIC DIATOMACEOUS CLAYSTONE: 120-320 cm-gre.
greV (5GY 6/11 to light olive grey (5Y 6/1), moderately deforr
Drilling breccia, 0-120 cm, consists of volcanic rock fragments
some of which are well-rounded, and fragments of vitric diatoπ
claystone.

CARBON-CARBONATE (%)

Carbonate: 0.0

CARBONATE BOMB: 3%, CC

GRAIN SIZE {%)
Sand SM

2-62 2 39

SMEAR SLIDES (%l

Quartz
Feldspar
Heavy mins.
Clay
Volcanic glass
Pyrite
Carb. unspec.
Diatoms
Radiolarians
Sponge spicules
Silicof laqellates

1-πn
?

10
—
47
15

1

20
2
3

TR

Clay.
59

1-122
2

10

39
20

1
3

18
4
3

TR

1-130
2

10
TR
43
20

1
3

15
4
2

TR

SITE 436 HOLE CORED INTERVAL: 302.5-312.0 m

FOSSIL

CHARACTER

GRAPHIC

LITHOLOGY
LITHOLOGIC DESCRIPTION

DIATOMACEOUS VITRIC CLAYSTONE: moderate yellowish brov.
(10YR 5/2). slightly deformed, burrowed zones common. Ash Conte
appears to decrease through Section 3 then increase again. Ash beds I
less common than in overlying sediments. VITRIC ASH: light grey (

CARBON-CARBONATE (%)
3-54

Carbonate: 0.0
Organic carbon: 0.1

I0YR5/2 CARBONATE BOMB: 0%, CC

Sand Silt
3-52 2 34
6-52 2 39

SMEAR SLIDES (%)
1-80

Quartz
Feldspar
Heavy m

2
10

Clay
64
59

2-77*

5
TR

2-100 3-70 4-80 5-70 6-80
2 2 2 2 1

10 8 15 15 12
TR — TR TR

35 - 61 66 55 49 43
35 95 15 5 10 15 25
— — — TR — — —
TR —

Diatoms
Radiolarians
Sponge spicules
Silicoflagellate;

12 —
1
2 —

TR —

TR

TR TR TR TR —

t o



to
SITE 436 HOLE

I z

CORED INTERVAL: 312.0-321.5 r

GRAPHIC
LITHOLOGY

LITHOLOGIC DESCRIPTION

DIATOMACEOUS AND DIATOMACEOUS RADIOLARIAN CLAYSTONE:
in Sections 1 through 4, SILICEOUS VITRIC CLAYSTONE: in Sections 5
and 6; moderate yellowish brown, weakly indurated, slightly disturbed by
drilling. Thin ash layers at 3 30 cm and 5; 30-32 cm. Bioturbated intervals
occur in Sections 3 through 5. The major constituentsof the sediments

/ admixed v
abundan i the lo

r biogenic sili<
r part.

c ash.

CARBON-CARBONATE (%l

Carbonate:

CARBONATE BOMB:

10YR 5/2
GRAIN SIZE ß

Sand
2-65 1
6-65 0

U
Silt
29
29

0.0 0.0
0.1 0.1

0%, CC

Clay
70
71

SMEAR SLIDES {%)
1-RO
TR

2
TR
78

2

2-69
TR

5
TR
75
4

3-32t
—
3

5
90

3-104*
TR

7
TR
63

3

4-70
TR
3

TR
65
12

5-9B
TR

2
TR
59
20

Radiolar
Brown ai
Sponge s

SITE 436 HOLE

FOSSIL

CHARACTER

CORED INTERVAL: 321.5-331.0 i

GRAPHIC
LITHOLOGY

SUSS

LITHOLOGIC DESCRIPTION

DIATOMACEOUS CLAYSTONE: model

and a vitric ash layer, light grey (N7I at 35-3, 25-30 cm. Severs
intervals in Sections 1, 3, and 4 are bioturbated, with dark burr
fillings. Diatoms and radiolarians comprise 15 to 25% and vole.

10YR 5/2 g|ass 3 t o ]o% o f t h e mtidstone, the rest is pure clay with rare c

CARBON-CARBONATE (%)

Carbon;
Organic

]te:
carbon:

GRAIN SIZE (%)

3-68
Sand Sil

1 32

SMEAR SLIDE (%)

Quartz
Feldspa
Mica
Clay
Volcani
Carb. ur
Diatomi
Radiola
Sponge
Silicofli

c glass
ispec.

nans
spicules
lαellates

3-67
0.0
0.1

Clav
67

1-70 ?-7S
TR

3
TR
75

3

12
6
1

TR

TR
1

TR
70

4
TR
20

5
TR

1?
2

10
3

85

,
—



SITE 436 HOLE CORED INTERVAL: 331.0-340.5 r SITE 436 H O I E

FOSSIL

CHARACTER

M
E

-
U

N <-•z.

S2
GRAPHIC

LITHOLOGY

: _ t k w T - -

Organic
Geochemisty

IITHOLOGIC DESCRIPTION

DIATOMACEOUS CLAYSTONE: dusky yellow (5Y 6/4) and
moderate yellowish brown (10YR 6/4) to light brown (5YR 5/4),
slightly burrowed, in several intervals, with vitric ash layers at 36-4,
113-127 cm, and 36-6, 33 cm (?). The biogenic silica content is

variable, but commonly low; the dominant constituent is pure clay.

Carbon
Organic: carbon:

GRAIN SIZE (%)
Sand

1-70
5-70

2
1

Silt
26
76

0.0
0.1

Cla
72
73

0.0
0.1

10YR 6/4 SMEAR SLIDES (%)
2-81 3-54 4-118' 5-77 6•33t 7-20

Radiolarians
Sponge spicules
Silicoflagellate!

1

TR TR TR
80 85 20

TR TR —

TR 1 —
TR TR —

CORED INTERVAL: 340.5-350.0 in

LITHOLOGIC DESCRIPTION

DIATOMACEOUS CLAYSTONE: moderate yellowish brown (10
and greyish orange (10YR 6/4). Weakly indurated, with pale green
(10G 6/2) and pale brown (5YR 6/2) patches of muddy vitric ash i

5YR 5/4 Sections 2 and 3. Intense bioturbation occurs in several intervals o
Sections 5 and 6; slight bioturbation in Sections 3 and 7. Biogenic

clay. A basalt (?) pebble was found on top of Section 1.

10 YR 6/4 CARBON CARBONATE (%)

Carbonate: 0.0 0.0
Organic carbon: 0.1 0.1

SMEAR SLIDES (%)
2-3it 3-53 460 565 6-80 730

— TR TR TR TR

77 68 70 77 73

TR TR TR TR TR
10 15 20 10 10

TR TR TR TR TR
— TR TR TR TR



to
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SITE 436 HOLE CORED INTERVAL: 350.0-359.5 r SITE 436 HOLE CORED INTERVAL: 359.5-369.0 r

3Y6/1

LITHOLOGIC DESCRIPTION

RADIOLARIAN VITRIC CLAYSTONE: moderate yel

into coherent blocks (about 10 cm long) separated by s
by drilling. Two three mm thick layers of light to modi
I5R 5/6) occur at 72-73 cm in Section 6.

CARBON-CARBONATE (%)
2-82 4-82

Carbonate: 0.0 0.0
10YR5/4 Organic carbon: 0.1 0.1

GRAIN SIZE {%)
Sand Silt Clay

SMEAR SLIDES (%)

Feldspar
Heavy IT
Clay

Sponge spicu
Silicoflagella

1-70 2-70 3-70 4-70 5-70 6-70 7-30

TR — TR — — —
74 64 53 53 65 66
10 20 20 20 10 10

5 8 10 12 15 15
TR TR TR TR TR 1
TR TR TR TR TR TR

FOSSIL
CHARACTER

GRAPHIC
LITHOLOGY

LITHOLOGIC DESCRIPTION

CLAYSTONE: 0-50 cm, grading into pelagic clay.
PELAGIC CLAY: light brown to moderate brown (5YR 6/4-
10YR 5/4) near the top with brownish-black (5YR 2/1) patchy zones,
slightly deformed with abundant burrows in the first four sections.

occurs in the first 50 cm of Core 39. Manganses nodule (O> with
brownish black (5YR2/1) crust at 111-112 cm, Section 1. Transition

(5YR 2/1) pelagic clay is gradual and well shown in this core.
Brownish black (5YR 2/1) pelagic clay is dominant below about 60 cm

CARBON-CARBONATE (%)
1-82 5-82

Carbonate: 0.0 0.0
Organic carbon: 0.1 0.1

GRAIN SIZE (%)
Sand Silt Clay

1-80 0 10 90
5-80 0 5 95

SMEAR SLIDES (%)
1-35 1-69 2-76 2-90 3-90 4-56 4-125 5-130 CC.15

Quartz TR 1 TR 1 1 1 TR 1
Feldspar TR TR TR TR TR 2 2 3
Mica — — — — TR — —
Heavy mins. — — TR — — — —
Clay 94 92 86 92 96 97 93 96 91
Volcanic glass 5 5 5 2 3 TR 5 TR T
Pyrite — — — 1 — — TR
Zeolites — — 9 5 — — —
Diatoms — TR — — — — —
Radiolarians 1 2 TR — — — —
Sponge spicules — — — — TR — — —



SITE 436 HOLE CORED INTERVAL: 369.0-378.5 r

FOSSIL
CHARACTER

GRAPHIC
LITHOLOGY

LITHÒLOGIC DESCRIPTION

PELAGICCLAY: brownish black (5YR 2/1). only sliç
deformed, with scattered light brown (5YR 6/4) clay-f
burrows. Burrows abundant throughout core. Most at
about 1 -3 cm across.

CARBON-CARBONATE (%)

SMEAR SLIDES 1%)

Quartz
Feldspar
Clay
Volcanic

1-80
1
2

97
TR

2-90
1
4

95
TR

---
R

'R
00
rR

6-80
1
2

97
TR

— TR — —

SITE 436 HOLE CORED INTERVAL: 378.5-388.0 m

FOSSIL
CHARACTER

GRAPHIC
LITHOLOGY

LITHÒLOGIC DESCRIPTION

10YR 2/2 with
10YR 6/6 patches

5YR 5/6 to 10Y 6/2

PEL

(Mn?) spots,
tilled burrows.
ZEOLITICCLAY,
Zeoliticclay is pale
brown (5YR 5/6).

CHERT AND PORCELLANITE: from 40-50 c m - light olive grey (5Y6/1),
black, and olive black laminated chert with a pale reddish brown (10R 5/6)

PELAGICCLAY: from 30-40 cm.
: (10Y 6/2) and pelagic clay is light

1 to 2 m
his inter

m thick; als(
val.

SMEAR SLIDES ('

Quartz
Feldsp
Clay
Vol car
7pnlitf

ar

lie glass

J severa

X.)
1-10

1
3

95
1

I fragmer

1-33
TR
TR
93
—
7

its of pilnk porcellan

SITE 436 HOLE CORED INTERVAL: 388.0-397.5 r
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Some are laminated with irregular patches of moderate reddish orange
material (10YR 6/5). Concoidal fracture in more vitreous places. 0-1 Ocm

Seventeen places of chert counted and labeled.



SITE 436

Site 436
r—0 cm

— 25

•50

—75

—100

•125

—150
3-3 3-4
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SITE 436

Site 436
r-0 cm

- 2 5

— 50

—75

—100 l • •

— 125

1—150
3-5 3-6 3,CC 4-1 4-2 4-3 4-4 4-5 4-6 4,CC 5-1 5-2
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SITE 436

— 50

Site 436
r—0 cm

— OR•25

—75

—100

— 125

1—150
5-4

5,CC
6-1 6-2 6-3 6-4 6-5 7-1 7-2 7-3 7-4 7-5
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SITE 436

Site 436
r—0 cm

- 2 5

— 50

— 75

•100

— 125

1—150
7-6 7,CC 8-1 8-2 8-3 8-4 8-5 9-1 9-2 9-3 9-4 9-5

8,CC
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SITE 436

— 50

Site 436
r - 0 cm ~~••"

- 2 5

—75

— 100

—125

1—150
9-6 9fCC 10-1 10-2 10-3 10-4 10-5 10-6 10,CC 11-1 11-2 11-3

434



SITE 436

Site 436
r-0 cm.

— 25

— 50

—75

—100

— 125

—150
11-4 11-5 11-6 11-7 11.CC 12-1 12-2 12-3 12-4 12-5 12-6 12,CC
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SITE 436

- 2 5

— 50

Site 436
r—0 c

- 7 5

—100

— 125

•―150
13-1 13-2 13-3 13-4 13-5 14-1 14-2 14-3 14-4 15-1

14,CC
15-2 15-3

436



SITE 436

Site 436
r-0 cm I

h-50

h-75

. V '

—125

1—150 15-4 15-5 15 6 15-7 15,CC 16-1 16-2 16-3 16-4 16-5 16-6 16-7
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SITE 436

- 2 5

— 50

Site 436
r -0 cm

- 7 5

—100

— 125

1—150
16,CC 17-1 17-2 17-3 17-4 17,CC 18-1 18-2 19-1 19-2 19-3 19-4
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SITE 436

Site 436
r—0 cm

h-25

h-50

h-75

I—125

19,CC 20-1 20-2 20,CC 21-1 23-4 23-5 23,CC

h-100



SITE 436

Site 436
r-*0 cm

- 2 5

— 125

1—150

—100

24-1 24-2 25-1 26-1 27-1
24,CC 25,CC 26,CC

27-2 27-3 28-1 29-1
28,CC

440
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Site 436
r-0 cm
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30-3 30,CC 31-1 31-2 31-3 31-4 31-5 32-1 32-2 32,CC 33-1 33-2



SITE 436

Site 436
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SITE 436

Site 436
r— 0 cm

- 2 5

— 50

— 75

—100

— 125

1—150

I*

v •

4\

f

t '

? 1

34,CC 35-1 35-2 35-3 35-4 35,CC 36-1 36-2 36-3 36-4 36-5 36-6

443



SITE 436

Site 436
r—0 cm

— 25
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— 125
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36-7 36,CC 37-1 37-2 37-3 37-4 37-5 37-6 37-7 37,CC 38-1 38-2
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Site 436
r—0 cm

— 25
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38-3 38-4 38-5 38-6 38-7 38,CC 39-1 39-2 39-3 39-4 39-5 39-6
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Site 436
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39,CC 40-1 40-2 40-3 40-4 40-5 40-6 40-7 40,CC 41-1 42-1
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