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

Shipboard Scientific Party!

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 claystone. 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.
CORES AGE LITHOLOGY
f'l : | ?
=1 :
® X Holocene Vitric
- : : 1-10 to diatomaceous
6.5~ - MAEEL=S ;L_ - - o = late Pliocene mud
Vitric
12-18 Pliocene diatomaceous
ooze
19-26 Pliocene e e
= vitric mud
Y
E 2
° 3 . Diatomaceous
E Lo lbale il vitric mudstone
,_
=
=
g Radiolarian
r-;- 34-38 Miocene diatomaceous
mudstone
early Miocene
39-40 to Pelagic clay
Eocene
41-42 Cretaceous Chert

Figure 2. Correlation of seismic reflection data with lithology.
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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 V) 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-
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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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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
global 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.
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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-
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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 1B is gradational, assigned at
the point where the degree of lithification increases no-
ticeably.

Unit 1, Sub-unit 1B (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 the sedimentary section at

Site 436.

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 34 (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 (<0.15
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 c¢m), 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-
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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 Denticula 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. kamischatica 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



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.

Foraminifera

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 Silicosigmoilina 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
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values obtained from the continuous GRAPE data.
Data for physical properties are presented in Appendix
IT (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 1B 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 1B, the rest in the radiolarian diatomaceous
claystone and pelagic clay of Unit 2 and Sub-unit 3A.
Eight of 14 pairs in Sub-unit 1B 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

Depth Interval Cumulative

Litholagic Interval Velocity Density Porosity  Two-Way Travel
Unit ‘Sub-unit (m) (km/s) (Mg/m3) (%) Time (s)
1A 0-245.5 1.53 £ 0.02 1.39 = 0.6 T2:4 0.320
1B 245.5-312 L6+ 0,03 1.44 = 0.04 T4=2 0.404
2 312.0-359.5 1.63 + 0.03 1.50 = 0.05 J2x3 0.462
3A 359.5-378.5 1.6l £ 0.03 1.68 = (.05 6522 0.486
B 378.5-397.5

Note: Values for velocity, density, and porosity are averages of measured valuss 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
cdase.

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/m?. A more rapid increase to about 1.7 Mg/m?3 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/m?, 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
Cl1-600 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.



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
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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 (o
monitor proper functioning of the in sifu 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/l 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 sifu
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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water samples, ®

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
c¢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 CH, production usually begins
in other DSDP sites. Thus, absence of CH, 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
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in situ

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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Spomges, & — 7 2 3 3 5 —— B 4
E Siics, TR — TR TR TR TR TR —= — TR —
3le i
L
g y
o
B
we
.
H
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SITE 436 HOLE CORE 3 CORED INTERVAL: 17.5:27.0m SITE 4368 HOLE CORE 4 CORED INTERVAL: 27.0-36.6 m
FOSSIL FOSSIL i
% |~ | CHARACTER % |~ | CHARACTER o
ol 8| 2| orarmic o-|a 8| 2| crapmic |h3z=a
o (e =] w L2 bt =l w Z: LITHOLOGIC DESCRIPTION
\z :% g 3 g 5 £ | uTHowoGY LITHOLOGIC DESCRIPTION '3 :g 2 3 W 5 2 | LitHoloGY “_‘ﬂ
ws T w| = ws z w| = =50s
Orf < w2 Omfd w =3
I HEIEI = HEEIE S ]
= |® |2z ]|=|5 = = |8lz|2|a ik
. DIATOMACEOUS SILTY CLAY: alive gray (5 472] imanisly disturdsed, We DIATOMACEQUS SILTY CLAY: obive grey I5Y 472 10 57 3/2)
with disturbed interbeds end patches of vitric sh. olive black 1o olive grey . ntensely disturbed with witric ssh patches a1 4-1: 8283 cm,
B st 31 1620 em, light grey at 3-4: 70.84 em, 36; 3237 cm, 36: BO82 em, B 41; 148160 em, 42. 26 cm, 44 BB-S0 cm, 44 2023 om.
Gz 35 90cm and in CC. In 33 and 36, sediments sre enriched in vitric ash In Section 1, the mud in enriched in vitric ah, and in 43 from
cc [15%20%], Pobbles of vitric futf are presant 01 45 cm an interval of darkes olive yrey (BY (2} distomaceous
1 *wil 1 DOTe OCCUNE.
CARBON CARBONATE (%)
CARBON-CARBONATE (%)
St £ on " 2140 6140
I‘-L:l Organic carton: as 06 Carbonat: 10 10
2 sy 4r2 Draanic carbon o8 04
=, CARBONATE BOMB; 4%, CC 3 2
T o, 1 CARBONATE BOME: 3%, CC
5 B g » GRAIN SIZE (%) B
i Silt 7 GRAIN SIZE (%)
2 e 15 3 a5 52 E
g 2 g S we 88 1 3 & - 2 - 2135 2 43 5%
2 T = ] . 5135 6 47 a7
8 B o SMEAR SLIDES (%) £
2 o 1471 180 260 360 480t 4110 680 L. we SMEAR SLIDES (%)
T DOuarts — 4 4 3 3 E] -30_1:118 24! 280 3-30 380 480 580 630
'g + Feldspar 5 2 W W W BB 6z Ouartz 2 i 3 2 5 & 4 4
B Heavy mans. TR — — — TH - — ce - Faldspan o 13 5 20 20 0 20 0 0
g i Clay — 40 44 M 5 18 24 4 Gy 37 Heavy min. — — — TR TR — == Th —
5|8 g = Volcanic glass - 7 8 M B 5 15 " Cly 27 38— 43 21 46 47 3 B!
] Glaucanite — T =— TR == — — B L Valeanic glass 3B 12 g2 &5 B 5 8 8 15
w | & S Pyrite 1 2 2z 1 = 1 ! Glauconis ™M — TR — — — TA —
3 “hor— Diatoms TR W 15 N 1 40 0 w 4 Pyrime 2 % S I » 2 2 1
o 3 = ¥ o Byap  Radiclarian — T TR TR — TR TR £ 3 & Diatoms 10 15 — 0 4 W 15 » B
S |3 B e Sponge spicules  — 7 3 2 - 10 7 g |3 Racliolarians — TR — TH TH TR TR TR TR
a | g . Silicotiolits — TR TR TR TR 1 - ElE Spangs spicuiles 315 — 7 W 3 3 3 3
g | wN R o @ ls Silicoflagatlates el - TR — TR TR —— 1
a '5“ e a w 5
g . & 5Y 412
H 1=
i
=8 A= FM
H N
g 4 T~ w 'y e
o
. = we
= e
S —
a St *
b ol =
—— =
.
=
o
2 i 5
o =
B o = B
e g
. | We
s A . 3 .
_:l.r- — e
- e
I Py
gl
el GZ
I3 15~ cc
M) |oslac 422 8| [clae |® .
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SITE HOLE CORES CORED INTERVAL: 36.546.0m SITE 436 HOLE CORED INTERVAL: 46.0-55.5m
FOSSIL FOSSIL e
e > CHARACTER | ® |- | cHARACTER 5 G
o, w o_|= w =
= w| |2] & | GRAPHIC LITHOLOGIC DESCRIPTION e fauw w| || & | SRaPHIC LITHOLOGIC DESCRIPTION
Lz [=3l2[8| [Z| |G| & |uHooey 1z |22(2|8| || |G| & [viwHoroey g.:
a
2 lomzizla|E |8 ® S HHAHEEE cak
e A = i < Pl 2
I EHEIHE = |= |2{2|3|a B
DIATOMACEQUS SILTY CLAY: grayish ofive (10 412}, intensaty B DIATOMACEQUS VITRIC SILTY CLAY: groyish ofive gresn 1o
disturbed. Distom content i higher in Sections 1 and 2, lower in Sections ! dusky yellowish green (5GY 4/2), intensaly disturbed. Volcanie glass
Fand 4. Patches of grey IN5) witric ash occur at 52 B8-80 cm and cantent increases dewrward in Sections 1 to 3, deerasiing sgain in
T 53 6873 cm. A rounded pebble of semilithified witric twil wes fourd Secuons 4-5. Large patches of vitric ash occur ot 6-3: 108-139 cm andd
3z ar61: 110 cm, and & small piece of black scoria at 5-2: 66 cm, 64; 0-50 cm, small patches in the interval 3357 em in Sectian 2 and
s R at §2: 132 cm, 64: §0.90 cm, 65 0.3 om and 65: 5062 cm
CRHBONGAHBGNATE PO ~1 The wsh is mainly fight rey (N7},
120 3120 W CARBON-CARBONATE [%)
L Carbonate: .0 o0 = 282 482
Organic carbon: 0s oy 3 Carbonate: oo 1.0
5 Organic carbion: 06 05
GRAIN SIZE I%) o
GRAIN SIZE (%)
1118 a4 [ Clay
W 318 4 » 65 L 28t 7 48 48
z |3 . 484 17 8 7]
Bz -1 SMEAR SLIDES (%) B (=
A + 1.70 1140 250 278' 380 430 L SMEAR SLIDES (%)
|~ g —+ Ouartz 5 3 & 3 - 5 2 E o 14 470 4
z |8 e Feldspar 5 W 2 15 18 7w Quartz 3 3 5§ 2 — — & 2 3
J | o= 1 Clay 0 45 38 W — 4 45 u Feldspar 15 15 20 15 20 20 20 20 15
= 1=~ Volcanic glasa 5 10 5 7 88 1 o2 z|s Clay 48 5 3| I - — M B §
M + = Glaucanite TR TR — —_ — TR B | = Wolcansc glas 5 8 20 35 80 80 1§ 12 70
Mt Pyrite 2 2 - 2 - 21 B8 Pyrite 2 2 2 1 — - 2 1
4 Diatoms 0 165 % 40 — 20 17 Els Diatoms 20 15 12§ — — 5 W0 8
— Radiolarians TR TR TR TR — TR TR W g Rafiolartang TR TR == —— —— — — TR ——
R Spange spicules 3 5 8 10— 3 3 = I Sporgespicules 7 3 31— — LI
. Silicotisgniotes TR — 1 TR = TR TR 4 Silicoflagellates TR TR — —= —- — — TR
| B Carb. unspec. —— ——— -_— 8 —
- 413 we
Q L
= 1 .
=
R
-
=,
I
YIS I :
o -
B (v
G2
e
B FM [AG we:
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SITE 436 HOLE CORE 7 CORED INTERVAL: 556650 m SITE 436 HOLE CORE 8 CORED INTERVAL: B5.0-74.5m
- FOSSIL = FOSSIL 5
R k4
E = CHARACTE o e g : CHARACTER - a\;‘- i
B |aw O| = | GRAPHIC |ua|3! = o O| = | GRAPHIC |oa|Z%o
1z -2[2(8 g £| B | umnolocy ;:ng‘ LITHOLOGIC DESCRIPTION S EHPIE 2| [E| & [moroeviEs ;925 LITHOLOGIC DESCRIPTION
£2on2l3|5]5] |5] 2 =Ee 2oz lE] (%] ® =oloaes
= = o
= |= |2|2|2|5 S5 = = |= |2|3|%|5 FE
DIATOMACECUS VITRIC SILTY CLAY: olive groy [5Y 4/2) in the DIATOMACEQUS VITRIC CLAY: dusky veliowish green 10 greyish olive
wpper part and dusly yellowish green (BGY 5/2) to greyish olive grean qreen [BGY 4/2), mederately disturbed, with numerous patches orad disturbed
BGY 4/2) kn the lower, mottied throughout. Brown (5YR 5/2) very interiayers of vitric ash. The mast prominent predorminantly ssh interval in
G‘Z Tight grey {NB) and dark grey (M) vitrio ash interteds ard patches at: in Section 3: 0-40 cm, whare the ash is very light grey in the upper part and
3 Section 2: & cm, 1520 om, 2630 cm, 37 em, 85 em, 73 om, 88-104 om, N N Jight brovimish grey (YR /1) in the fawer,
108 em, 116 em. Saction 4: in tha interval 65-82 em. Section 5 in the .
Interval 136160 om, Sectian & 26 em, 60 em. The sedimants are
B macirately to intensely disturbed. K CARBONCARBONATE "'2’ -
Carbonate: 00 00
CARBON.CARBONATE (%) Organic carbon: 04 07
" lova  Cortons: 10 10 g ] ) CARBONATE BOMB: 0%, CC
Organic carbian 07 08 .
E =] - GRAIN SIZE %)
CARBONATE BOMB: 0%, CC £ L m—— i
= . 3 2| we [BEY 472 T8a 7 a8 a4
¥ GRAIN $I1ZE (%) 3 = &z 484 746 A7
o . =] 1
Mg 160 3 a3 69 £ ] SMEAR SLIDES (%) ; ;
3 . 73! 1.80.2:30 239" 324" 380 470 520
E . Powo® £ ] Ousrre na M 4 — TR TR TR
a SMEAR SLIDES (%) w 'é. Feldigiar 3 w5 13 10 5 6 10
g 165 271 280 21011 380 450 4767490 580 640 z Mica TR TR TR 1 TR TR TR TR
£ Quartz 3 o 4 — B 3 IR — I § [ - " |va Heavy mins, 1 TR TR 2 TR TR TR TR
B Fedpse 20 8 20 98 20 20 15 2 16 15 e |= Cloy TR 50 85 -— 10 B0 55 48
b G Mica o g T e e ST 5= Volc. glass o 15 25 80 77 0 15 20
£ ' emymine — 2 — 1 — — TR TR —— — i Pyrite T TR TR TR TR TR — TR
z |8 * kevan O 42 TR 20 -— 32 1B 25 5 I M 2| N 3 v Curb, unzpec, == TR —— — 3 == ==
THE Volcanicgl. 10 BS 25 90 B O 50 30 12 25 5 Diatoms 2 13 — — 12 20 12
Blz|e Pyrite 1 TR 1 TR 1 — TR TR 1 1 Zle b ammuul;l — 1: T;l m oz o T: 3
el Rock I — ] = = = em e == = = 3 Sponge spicuies — i
E H Diatams 2 — 19 — 30 40 10 15 3/ 16 8 Sificoflagelistes —  — TR - TR TR TR
= Redficleriam TH — TR — TR TR TR TR TR TR E
a = Sponge spic. 3 — 2 — 4 W TR 3 3 1 T
ils Sitiea. ™M — TR — TH — — — T TR g sev 4
g £
3 % 3 .
5 - 4
g we
. GZ
£ B oC
2
[=]
5
IEM_L_QEI Y
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we
B
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SITE 436 HOLE CORE 9 CORED P 74.584.0m SITE 436 HOLE CORE 10 CORED INTERVAL: 84.0835m
% FOSSIL = s Ll =
o |z CHARACTER - b % o |- | cHARACTER . slmd
Q. F z|Jwl2 o, |= » L
stl=ul lu| faf |2| & | GRAPHIC loxlzEE ) LITHOLOGIC DESCRIPTION at|=ul 1| |a| |2 & | GRAPHIC B LITHOLOGIC DESCRIPTION
Lz wol= g g ol & | LTHoLOGY 5053 J.z wol|= g g 5| & | LTHOLOGY @5:
TNz IBIE| |8 2 B 2onaiZ|glE] (B F =53
= |m |O|Z|g|= s e = |z |oj=|=|2 oy 5
e w|Z O B nant twy = w|Z |« (O i S
DIATOMACEDUS VITRIC SILTY CLAY: dusky yellowssh green 1o T ' VITRIC DIATOMACEOUS CLAY: dusky yellowsh green (SGY 421,
reyieh olive grean [5G 472) and montied with greyish green [5G 5/2) = . slightly 10 intemsely disturbed  Vitne m and muddy ash, light geey
or pale green |10G 6/2) in the middle, mors intensely disturbed part 4 i IN7-81 1o dark grey (N3-S} and vellowish green I6GY 62| abundany
Distam content iz hignest in the lowar part of Sections 2 and 6. 0.5- In Segtion 1: 10 o 90 cm, rare patches in Sections 2, 3, amd 4,
Witrsc ash layers and patches are most sbundant in Section 2: 0-100 em I Pumice fragments (), agular o subrounder, oocur i Sections
BGY 472 end Section 5 100 mio Section 8: 40 cm, Ash cantent i the clay 2 through 6.
M increaies above and betwoen the aih leyers. 8 |.0 a l R A e
1 o CAR! € A
CARBON-CARBONATE (%) 4 = = 233 633
A~ | Cartonate 00 oo
Carbonate r Organic carhon: (1] ar
Deganic carbon -
= = == ] CARBONATE BOMB: 0%, CC
] {6+ 5C 2 grain size %) B pa b ST i G2
& = d ] i T ) s [ ce GHRAIN SIZE 1%}
2 1 vaz 270 8 6 23 faca .
; ] pree 304G | B FSEE
2 3 N SMEAR SLIDES (%) e =eeey
g B N 110 1257 1100 28412.400 370 4.70 570 880 Tt P | SMEAR SLIDES %}
3 7 SGY4AR G 3 7 TA 1 TR TR 2 TR TR (= ] 7 i4p! 167" 1100 270 370 470 &7
E . Faldwpar 12w 5 & & w0 1w w 3 - - | = Quartz 2 — TR TR TR TR TR
~ Mica T TR ™ TR TH TR TA TR TR = 5GY 472  Feldipar 15 5 7 B W W &
é . Heavy ming, TR == TR TR == - - TR TR l Mica I§ m ;: I: TR TR TR
5 > Clay 43 20 40 10 55 B3 S5 48 50 = Hawy mins. —_——— -
£ E Volc.glas 30 65 40 84 B 15 15 15 Ciay 15 - B0 50 B5 50 66
w | & o . Pyrite T —- T — TR — TR TR 2 I Volcanie glis 61 85 5 20 W % W
= o + g Carb, urapee. == TR TR TR TR ™M TR 1 — 5 Carb, unspec, ™ TR 2 TR 1 2 TR
§ = 3 F Distams 10 3 10 - 22 V1 16 7 20 3 | Diatams 1 —— 2 17 1B 10 16
] Radiolarigs 1 TA TR — 3 TR TR TR & = s Radiolariarm R — 1 TR 1 TR 1
5.8 7] g owwe. 1 TR & — 7 5 3 2 8 8 | Spongespieuls TR — & 5 5 3 3
)2 4 nd Silico, TR — TR - — TR TR TR TR 2 Siliea. — — — TR TR TR TR
& |4 10G 672 3 i |
i ] : |
= = - L =l
E 3 we: o g 1 3
el - w g —f—1 |
o - =z 4 # 3
E 4 . w B 4 i ) .
o 7] e =
T ] o § i s L
£ P
z|® E g |gle
=] a | E =1
- bt ]
s [~ - g
E 3
we = 'g . L ‘
¥ |3 1=
5 5 w & 3 .
oz 2|2 =
8 oo 2| =
§le . |
;a! R
.g 1
8 3
d =) 7 Gz
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* |sav 4r2 . i
G cc 6| .
B =
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SITE 436 HOLE CORE 11 CORED INTERVAL: 935-103.0m SITE 436 HOLE CORE 12 CORED INTERVAL: 103.0-1126m
x *OsIL > FOSSIL —T —
S |z CHARACTER | | sl e = CHARACTER z s,
Z gl = o n Zleg =
= |xw O| = | GRAPHIC © o lew = | GRAPHIC z=E
.:,z ;E E s % =l g LITHOLO GY E EE LITHOLOGIC DESCRIPTION | E :g g 3 ; = E LITHOLO G Y B E: LITHOLOGIC DESCRIPTION
g7on|2IZ2 8|5 (4] % e uslonlz|Z|g(B] |%| 2 =§‘401;
= |z |lo]l=z|(a|Z sif 1= 2 |z (%2192 i 3] el
- 2lz|=|a& 5| - = |21z|2|5 B il S
DIATOMACEDUS VITRIC CLAY: usky yellow green (5GY 4/2), MUDDY VITRIC DIATOMACEOUS DOZE: duticy yellawish green to
RG moderatoly deformed. Vitrsc ah beds and irregulsr patcher, light geyish olive green [BGY 4/2), interety mottied with boownith grey
grey (N7 o greyish green {10G 4/2). Few sharp mud-ash contacts A (6YR 5/1) ancd dark greenish gray [5G 4/1), inwensely disturbed.
give core mattied appearance. Pumics fragmanty (13l sbraunded Witric ash layers and patches are abundant in Section 4. 45 1w 135 cm;;
mothy In Section 1. - & digtinet liyes i a1 12-6: 5-10 om. The mh is fight grey (N7 with
CARBON-CARBONATE %) 1 we pritized zones, a8 at 12-4: 122130 em,
CARBON-CARBONATE %}
Carbonate: 00 0O 262 462
Organic carbon: 05 D4 Carbonate: 05 00
CARBONATE ROMB: 4%, 720 Orgunic carban: 04 02
B j6z) GRAIN SIZE %) o 1 CARBONATE BOMB: 1 5%, CC
sGva 230 6 56 38 g R L GRAIN SIZE (%] -
e | i
110GY 472 SMEAR SLIDES (%) ,é 2| ot fg ] ;g ;:
aret 330 571 GI6. 5
SOY 47
5GY 3/2) Ouartz TR == TR TRTR = SMEAR SLIDES (%)
. 5 o Jooa s g - brinie 170 270 390 445 4951 428! 570 620
we r 2 2 = Ouariz 3 65 2 3 1 5 E 4
o Volicdm 3 8 3% % % H ey fudE 20 15 2 )5 5 B W 2
2 B Clay 1% 27 2 N —  — M M8
g 8 Zil'um A= n '? ; & | ] Vole.glws 15 8 10 25 o4 55 15 15
- == = e 3 Pyrite 2 2 11— 1w (]
: e BT T3 @ | £ e llEzn ¥ Az
we . N we Disorms 30 30 35 —_ 5 3
.E . Sporge spicules 5 1 5 5 3 it -] 3 s o= C 2 s . Rediolwiars TR TR TR TR — — TR TR
-.E glm-?:l)nn :: ’-0- T; TR TR o | E 1 ."l Spongespics, 10 10 10§ — - 5 7
hae .= = = . b i, P
w |8 1=l
= Eln i g, P q
w -4 | = x <
Q- |I's = *
9 |= ] " ol
a g RG g A 3 ’
— g .
._ % 3
< |~ g o G2
- = 4 1 cC
g : :
g g E
E a - “
s a = Wl
o
_E ]
£le 2 B :
a we -
g ] ¥
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SITE 436 HOLE CORE 13 CORED INTERVAL: 112.5122.0m SITE 436 HOLE CORE 14 CORED INTERVAL: 12201315 m
FOSSIL
@ i FOSSIL 5
g 15 CHARACTER - Bl % |- | cHARACTER 4 sl=d
e < w Z| s
& fww O| & | GRAPHIC |o=|25|8 Or |zw O| 2 | crAPHIC |odlz=a
1z [52]2 § g E| & | umoroov EEfEnSy LITHOLOGIC DESCRIPTION Tz 52|25 % | B | itnorooy Bolaciou LITHOLOGIC DESCRIPTION
U3 lon|x|Z|w|B] |=]| = EEER ws w0l (2 gl g 2
A HHEEEE Zeey S HHEHEE s
= = |8Z|2|a o S HHEE SRR
B MUDDY VITRIC DIATOMACEOUS OOZE: dusky yellowish green = MUDDY VI A DOZE: dusky P
G2 o grayleh olive graen (BGY 4/2), intensely disturbed, In soms Intarvals to ‘v:"‘ to greylsh ollve green (5GY 4/2), maderstely 1o intemely disturbed with
scugry, Color mottling with dark greenish grey (pyritic) and brownish = b=y yitric ash interbecs and sshes thraughout, The aih is daminantly light ey
grey throughout. Intentely disturbed lioupy), Vitric ash in Section 4 0-5_}';, IN7). In Section 3: 116 em, a dusky biue green  (SBG 32} baal layer
1 tbattom) and Section 5 0-10 em, = N 0 o ot the ash pecurs, and in Section 4 the ath it greanish black (pyritized].
& T (¥4
l} CARBON-CARBONATE (%} " 1o I&CC GARBON-CARBONATE (%)
4 — —
— . Carbonate g 0.0 20 g -+~ Carbonate. X 00
g o i 0 04 04 g :v-\, Ovganic carbon: 03
& "
E M| 8 CARBONATE BOMB: 0%, CC E Ry CARBONATE BOMB: 4%, C
2 L
: GRAIN SIZE %)
o] GRAIN SIZE %) T g | )
E o : it A o B vED @ 5.'.\. '_%
H Jo T30 6 44 80 w = - we
2 BOY 412 e alit 3126 9 1) 40
& ol I a3 3 48 z 21 7 = .
= |5 .
£ 10 SMEAR SLIDES (%] o |z B sayq;z SMEAR SLIDES “'] 80 258! 280 3741 0
o 40 1 76 276 4. ! 2 = 1~ Quart ENI 4 3
¢ Qe 4 6 3 6 B 4 w | s Foidsoar o 5 2 W 15
- Feldgpar 15 20 15 20 20 10 20 = ] o ® — 98 — o
%] = ] Clay 0 N 37 3B 19 - 0 i | - — Vw ie gl 0 w8 a7
2 |=|g ~ Volcanic glass ] 9 17 W 8 W = bne faichnie yid
prl =t # o= Pyrite 2 - b oes R
21 B Pyrin 2 2 12 1A 1 g - e D
= m atoms. »n — 26 - 30
w 2 alll Carb. unipee. — — 8§ § 6 — e B = Radiotari T — TR — TR
=3 ] ] Distoms o 3w /W B’ T B e i N E E — 8
3 | 3| . Radticlarians — TR TR TR TR — TR g a = . okt
’% } =L Sponge spicubls 10 T 5 5§ 5 — 5 E i
[ -
Pl we = =
3 Ea g &
k -t £ +=
; =t & 1~ cc
-1 = —r
a L a o
M £ 1=
E . i 4 =Y
é ] ¢ % .
=t WE 4= .
3 4 oo 3 8| |relas| [eel o
B CGAG]
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£ 50.5 m
SITE 435 HOLE CORE 15 CORED INTERVAL: 131.5-141.0m SITE 436 Hﬂ:otss“. CORE 16 CORED INTERVAL: 141.041
FOSSIL i x wik
: - CHARACTER - ol v g : CHARACTER 2| ;- u
« - Zlenls O| = | GRAPHIC |oa
O |xw O| = | GRAPHIC |oa|3%la LITHOLOGIC DESCRIPTION s Ew Lol e [2] & Z512. LITHOLOGIC DESCRIPTION
1z 52|28 El 5 | uTHOLO GY [Z5]%- S 1z 55|52 G| @ | LITHOLOGY Zai 02
LZ w532 Sl & EE TR w5[501%|2| ., b I B
sno““zg" wl = ;:;1 = |SMe|Zlalk w o
Z 1= |&l= g e e ] = |= |0|Z(235 =] et et
= |= |2]|F : 8 i e = clZz|x|O
== [*]
t green 3 MUDDY VITRIC DIATOMACEOQUS DOZE:dusiy yellowish gresn to
i WURGY YHTRIC IHATOMACEOUS 00ZF: dorkv sllowinhs £ J== o] eeyish olive green (SGY 4/2). Intensely disturbed, with an aitered dacite
greyish olive gresn (SGY 4720, Interely mul_llu!mﬁ light olive grey z o Pabbila (renanalat, pregish Ehack] on 1op ol Sestion 1 and with sndesitic tutf
S5V BAZ) wrd dwk rowies gey €93 ¥ A01): ¥ detaed - 0.5 fragments in Section 3: B4 aeid 112 cm. A single Iight grey disturbed
] 0¥ Stctiona | theough B s"i‘"'m"i" ka?“'m'ﬁ':;h B o x witsic wsh interbedd ooours a1 16-3:100-110 e, and several patchas of
1op of Section 1. Vitric ath, grey IN7), & t ey vitric ash, 1 [ - s . 3 - andl i Saction
1 . n‘:all‘lv welkowish grean to greyish olive grasn (GGY 4/2) in Saction 6 and :'_-u- a7 :-T:hmm;:lw»d in Section 4 between &0 and 85 cm, in
% G s thi warmast part of Section 5, e cC -
0 [ Loce s TE %)
2 BONA
CARBON-CARBONATE %) 4 v CARBON-CAR! o 596
Carbona %; 5:; T2 Cartongte: S0 10
e ¥ ] — 11 W N 04
Ovganc cavlron: o4 03 :- &‘ Organic cartxon o4
=30 ABONATE BOMB: 15%.CC
GRAIN SIZE %) vty o
B o T re R ::"—-..n 5 : GRAIN SIZE (%)
2 T —-v-:§ we w45
= . SMEAR SLIDES (X} g i main M ;::.“ 5 N B
g 880 §115! e
N Quartz 4 a T 1 =5
Feitspar 15 15 15 20 20 10 10 g i o 1 RN FLORENY oy F10:3 ' 470 570 670 725
Cay 20 4 10 20 18 -- oy L Ousrtr 3 3 2 — - B A
Joomiesms; VI8 B 9 2k gmigbiM £ B aae oy Feldsnar 1 15 15 5 15 20 15 18
Pyrite 1 %1 A = g o T DA 3 A B
A Diataems 2% 30 30 3/ 20 W0 — 2 :_v_"‘_‘c Clar % 18 13 W om om om
S Sl TH0 S CIE: 10 W08 5 i P Veoicanic glass 1 7 17 sa 10 18 20 1
= |a l T & Glautoniin — TR TR TR — TR — —
- 3 - | 10GY 472 3l Eorml Pyrite Y L = -
E [WC | with B m o, = Carbs. unsipee, o B B mm e — —
1 Y 572 = _sﬁvaﬂoi M 30 I - 2% 2% I/ B
o 5 T Eh et atomy
Q|2 and g\|= ey Radiolarians TR — TR TR TR TR
S| = BGY 471 & v--j we Sporgs spiules 0 W W — 10 W 15 B
z 8 -:V'ﬂ. Sicollagoltates o i | it TR TR TR TR
e l|l= S|E = o) bl
% & 7 & E e, g
3|8 ] AL P
5 o = a B —ﬁ-_
= i 7 ‘j‘ e j:"_j-‘
& |7 4 ] 5 g a oyt
e B A z |t Rl
- ] <
2 | 3|2 3
z|8 . 3 .
Ed E %
= = N
£ £ 1
5 18 E
zlg 2 “
g 5 . k. 2
5z e
& o &
B paff, F 3
B - -
| o R b
& T - .
& T ="1=
. b s sz
- el 3, e
T o s
i T~ T .
ok
N g g oS
- AG 7 g Sy
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SITE 4356 HOLE CORE 19 CORED INTERVAL: 169.5-179.0m
N FOSSIL IS
-
g = CHARACTER o : <o
e (ew m o| = GRAPHIC z5|0 L
z = ITHOLOGIC DESCRIPTION
1z15212|8| (2| |G| & |urHoloGy Eaferze
2 |onlZ2|8lE| |2] = sazs
= [= [3|2]2]3 SeE
1= DIATOMACEOUS VITRIC SILTY CLAY: dusiy yellowish groen 10 greyish
1~ Glive grean [S0Y 4/2). Intensely mottled and intansely disturbed, with
3 1 mumerous irregular patches of vitric ash throughout, and with lees dinturbed
05 - GZ dark grey ash layer a1 19-4; €773 cm, Fragments of weakly indursted
i B cc diatomacsaus mudtans accur in completely “brrcelatid™ sebimints.
3~
104~
1= CARBON-CARBONATE (%)
Carbonate: 00 0.0
. Organic carbon! 02 02
3= .
12 CARBONATE BOMB: 1.5%, CC
a 1
2 L . GRAIN SIZE [%)
E 2 L Sand Sl Clay
— 158 11 58 31
N T=d 458 no a0
R E-] 3 GY &2
w | B = SMEAR SLIDE (%)
g 1 0 258 380 480
o Cuarz 3 3
a |2 Feltopar 15 10 0 18
% la Heavy mina. TR TR — TR
e |1 Clay N 37 40 3
< (2|8 Volcanic glass 40 30 12 20
w .E Glaucanite TR -— — —
3 = Pyrite 1 — TR TR
! Diatoms 0 15 2% 20
: Radiolarians - — TR TR
§ Sponge spicules — 5§ 10 1w
. Siflcaftagellatos TR TR TR TR
g k e
o =
8 3 [
4 R cc
8] [ G.CJ_

SITE 438 HOLE CORE 17 CORED INTERVAL: 150.5-160.0 m
SUE 3
FOS5IL L
2 |- | cHaracTER
< 8| 2| orarnic o3z=3
- v = w
1z ;5 2 8 2 5| £ | utnotoev 2 .,_ulcap.: LITHOLOGIC DESCRIPTION
a
7|0~ ] Z ale ul = aaxTE
= = < pres £
= = E z : a8 i = nf
VITRIC DIATOMACEOUS SILTY CLAY: dusky yallowsh green to
greyish olive green [5GY 4/2), Partly soupy, and extremely disturbed by
drilling, Numercus spots, patches and disturbed Layers of vitric ash
throughout, but most sbundant in Section 1: 70-100 em and in Section
1 3 50 cm to Section 4: 20 em. Theas small fragments of silicilied dacite
= weee found a1 17.1: 3342 em.
E 8 CARBON CARBONATE (%)
4
Carbanate: [T
3 Organic carbon: o3
1 GRAIN SIZE (%}
7 voip
Ex ¥ 4 48 8
2 SMEAR SLIDES (%)
w3 o I 190 3562 3657 3507 370 31447 470
&% - Quartz 3 2 2 2 3 3 3
5] - o] Faldspar 0 10 10 10 15 10 16
=3 o] ey mins. e TR e L TR =
2% ] 8 Clay M OB — - 36 18 3
5|5 SGY 42 Volcanic glas I 0 88 <] 15 50 20
15 ] Pyrite 1y — 5 1o '
| k- - Carb. unspec, === TR Lt — 5 -
> — Diatarms B W — — 20 W 0
prt . Fadiolarians — — — TR — TR
s 8 Spange ciculns 7 o3 — w0 5w
s |2 3 3 Silicoflagatiates ™M — — — TR T T
i -
u GZ
] cc
218 leg i i
we
AG| |CC| - 5 [o] b
SITE HOLE CORE 18 CORED INTERVAL: 160.0-169.5 m
5 FOSssIL -
S |z CHARACTER z| o 5- s
= loew = | GRAPHIC ]
Tzl=2l2l3] (2] |E] B | irHoto oy Eoenou LITHOLOGIC DESCRIPTION
Z lapl=|0 of & | Bter]
w5 [301%|2 o - I Yoa
= |282]2|8|5| [= =3
= = |2[2]|3]|a =
e MUDDY VITRIC DIATOMACEOUS OOZE: dusky yellowish graan to
- molf greyish olive groen (SGY 4/2). Intersely disturbed and matthed with darker
T 0sF oreenish colors,
1 :v_:: CARBON CARBONATE (%)
] B Carbonate: 0.0
i 5 10— earban 03
z ] iy 5GY 412
§ c ‘E. m e GRAIN SI1ZE (%)
2 |=8 E
7 ] ‘E. :—u 230 7 50 43
% |8 2 - SMEAR SLIDES (%)
g |2 S + Cuart F] 3
o ]
e . = Feldspar B8
= Clay 41 %
Valcanic glass 15 20
Pyrite 1 1
25 ]
Radiclarisns TROTR
Sponge spicutes 10 10
Sicotlagellates TR TR
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SITE 436 HOLE CORE 20 CORED INTERVAL: 179.0-188.5 m SITE 436 HOLE CORE 22 CORED INTERVAL: 198.0-207.5m
» FOSSIL N FOSSIL
S = CHARACTER = sl=d, %2 |- | cHARACTER 5
w Z| = < w
&t o O] = | GRAPHIC |ou|z%5 O X Zl 2| eraru
= ] ~ o LITHOLOGIC DESCRIPTION = 21 8 APHIC
LZ([=3(2(8| (£| (G| & |umotocyERlemey 1z (=22(8| || [5| § [uworoey LITHOLOGIC DESCRIPTION
$lonlzlzlalEl |3 = 5222 EEHHAEEREE
- < & = ot £ = 5
= |= [2|2|2|a FREN c |= |5]2|5|2
o Color bandy. DIATOMACEOUS VITRIC CLAY: dark ish
+ | DBOCHNG.  (8GY 411} o greyisnolle areen (5GY 4721 with ciferent = A TOMACROUS GRS ol w1 O1) syt
T Gz 6GY 372, colot bands ear tha 199 of the core. VITRIC ASH AND MUDDY ASH| sGen o™ | eolor banding, moderately defomed. Vitric ash—
5 05 7] 10G 412, BGY 572, |gnt grey (NT) ta greyish gruan [10G 4/2) intertbeds and patchy aress 1 D594 . nesciuzs im-vaty lght grey (HO-N); 116120 o ikyky
§ | avan o A0 o e et 105 45 ikt bl kv N oG an 90 110G 472} 10 very pale grean {10G 8/2): beds have two
3 1 %) e change, but relatively sharp tap and bottam contacts. E’ oradationsl contacty.
£ |am 10 . s CARBON.CARBONATE (%]
1:63
4 - CARBON-CARBONATE (%) R &
w hic |- Carbonats: o0 w L] 18G |AG| Grganic carban: 02
§ 2 : DOrganic carbon: 03 § : CARBONATE BOMB: 1.5%, CC
5GY 472
2 GRAIN SIZE (%) ; = GRAIN SIZE %)
By ouial I =5 @5 12 s B\ =l B
bl I ! § w7 st 42
Z SMEAR SLIDES (%) o
é = 127 1371 1100 1938 3471 221! wi SMEAR SLIDES (%) s
e 2 1 1 i 2 2 B
:‘lzlblr a 4 15" 3 10 1 Flﬁblt ; T: T:
ey mins. — M — ™M m I"R Mica T TR TR
Clay &1 40 50 - 6 — Heavy mint. TR TR ik
Volcamic gl 30 50 24 86 80 90 2 Clay 60 40 70
Glauconite =, 2t 2 i, ™ 3 kil Volcanic glass 10 60 ki
: = Pyrite TR TR -—
: Olstons PR R B R = & Ditoms ™ 4w
Radiolalan 1 TR 1 — TR = B Radialarians B | 3
& 1 Th 1 — TR -_— Sponge spicules 1 TR TH
Silicoflagelates R — = = i et Silicofllageilates TR TR ™
SITE 436  HOLE CORE 21 CORED INTERVAL: 1B8.5-188.0 m
FOSSIL x
% |- | cHaracrer
o.|3 3| £ | srarm H
-5z e |E & ° LITHOLO RIPTION
1Z[n212(8| (2] |5 £ | utHoloorEd 68.‘:. 61C. DESC
=7 |oN|2(2 5]z [%] % B=E
= |2 |8|2|2|2 Sy
e w|Z|=|0 e
£ 3 . DIATOMACEOUS VITRIC CLAY: dark greenith grey (SGY /1) with
Ll = patches (ash-rich) that ars light to medium dark grey (N7-N&| and
“é 0.5 oz greyish olive green (10GY 6/2). Purnice fragments M{lapilli) near 1op
- of cors.
= M 1 5 | sevan
N we CARBON.CARBONATE (%)
o Y P e 'y
— Carbongte: oo
7 . Organiic earbon: 03
z | &
§ 3 GRAIN SIZE %)
2 |- 18 5 53 42
5 g SMEAR SLIDES (%)
z [N 171 170 cc.4
- Ouartz 2 TR 1
Feldspar 1o 5 4
3 Mica a TR TR
Heavy mins. — TR —_—
Clay TR B0 58
Wolcane glass B5 20 25
3 Pyrite TR — TR
E Diatoma TR 12 o
Padiolariang —_ 2 2
C Spongs spicules —_ 1 TR
o Siticoflageliates — TR TR |
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SITE 436 HOLE CORE 23 CORED INTERVAL: 207.5-217.0m SITE 436 HOLE CORE 24 CORED INTERVAL: 217.0-226.5 m
FOSSIL L FOSSIL .
2 |- | cHaracTer O |z | CHARACTER || =,
8, < z| w O |aw 0| = | GRAPHIC %o
by b 9} 5 GrArRIC o= « 2l & 238 LITHOLOGIC DESCRIPTION
1z [22(8 2| |&| £ | utHoloeY LITHOLOGIC DESCRIPTION ] el ) g 5| & | LTHOLOGY 252522
2 [onl2iZlg|E| |u| = 2oz 8| |5 ® =olaa
= |= |9|2|Z|5 = |= |9|2|2|3 lan=
OMAC! ity +=A o seliratel dat
VITI A s i i " i DIATOMACEOQUS CLAY: dark greenish grey, moderately 1o very deformed
B g LA .-..o«':.'.i?a:.u'-mef?xs:m;.ﬂ:::ﬁmﬁﬂfﬂiﬂw m:;m ® | withh datk grey (N3] fayers and parches that could be pyritized sfin, Pumice
i sroder stely deformed. VITRIC ASH: 138 am, Section 3- light olive groy .;,‘, 5 M| (N3 ebibrles {Lapibilland a smoath walcanic rock fragment are at the top of the core.
05 {BY /1] and olive blage [5Y 2/1) Luse (pyritieed) with distinet [but oot tharp) g G
top/bomom contacts, All other ash beds have gradational contacts and are 1 cC
' L idanified by greyish green (106G 4/2) cabor. Pumice pebblc (lapilli) in Section 1 3 CARBON-CARBONATE (%]
1.0 £ Carbronate: 0.0
Organic carbon: | o2
7 LW,
CARBON-CARBONATE (%) g 5, a8 . 5GY4/1 CARBONATE BOMB: 0%, CC
w L - ——r
“Ta o 4 | S,
B . Carbanate: 00 g e E: GRAIN SIZE 1%}
oz Drganit: earbian: 02 S |5 | s i, ___ Swwd St Clay
e a |2 _I'- L= [ I R |
G ZE > S i P .| w
3 RAIN SIZE (%] . - i I e : SMEAR SLIDES (%)
; P e < a Nl e, T 170 270 2117
we w ¥ PP s Quartz 1 TR TR
SMEAR SLIDES %) - . F!_H!M 7 T; 1:
5GY 501 123 188 2211 279 3.31 337 362 338" 494 ™ Mica . ':: Rk
Guara TR — 10 TR TR TR 1 1 1 k- Heavysing, =T
i Feldspar 5 § 10 8 5 § & 12 T 2 Clwy i g4
& W Mica ™ — TR TR TR TR — — TR 2 Valcanic glas 1
w | 8ly ] Heawy mins. — — T TR TR TR —— — TR £ Pyrite 1 TR TR
wo | ~ H Clay 50 10 3 45 50 6B 56 & Oistoms w %/ W
B E — Volcanic glass 8 5 8 30 8 25 15 5 Radiotarians 4 2 5
= k) . . Glauconite s cevicasrn ity e | ] za Soonge wcules 4 TR B
g 2 3 3 Pyrite — - 10 TR TR TR " Silicoflsetlates TR TR —
= - Diatgom %W 40 16 3 10 0
2|8 e P 2 — 31 2 2 1 2 SITE 436 HOLE CORE 25  CORED INTERVAL: 22652360 m
|z I Sponge spicules TR TR TR TR TR TR FOSSIL == N
W é Silicofiagetiates TR == TR TR TR TR TR : - CHARACTER u
-~ . Organke maties — T — —_ — = _— o._ |« Z| w g o
= B lew 0| = | GRAPHIC Z=o
1z =2|wlg ] =] = forals LITHOLOGIC DESCRIPTION
M m§ wol|= 2 g ol W LITHOLOGY Fo|= =
£ [On|2IZ|8(E |4 = o225
= - o 5 |2 sy = ]
5 = |® [R|z|=|B =
4 n [ TS T=—
= ) . 5 o gy = CLAYEY DIATOMACEQUS ODZE: grayish preen [10GY 4721,
g ~ A 3 patches moderataly daformed with dark gray (N3 tiyers and patches
a4 e g _' b - fram 32 o 48 cm.
% g 051, 5s W | 10GY 42
ks = 1 R =4 CARBON-CARBONATE (%)
- <\ 167
= Il
§ B cC n cha_ Carbonate: 1.0
£ 8 “ Organic carbon 0.3
z Z2la GRAIN SIZE [%)
g 5 2 |= 4 Si
-1 we 1 168 & 43 52
&
é = g SMEAR SLIDE (%)
(=] El ~
AP AG EC o< Ouarez 1
w Fuidipar 5
Mica T™H
Heavy mins. TR
3
Valeanic glass 10
§ Pyrite R
E Diatoms 4%
3 Radiolarians 3
2 Sponge picules &
(=] Silicoflsgeiat ™
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RED INTERVAL: 0-264.5 m
SiTE 436 HOLE CORE 26 CORED INTERVAL: 236.0-2455m SITE 4 HO:;““ CORE2s  CO 265
] FOS51 =
* cua‘:s:cl;en 4 % | | cHARACTER 5 ;-z, "
- " F4
g-[2 8| £ | orarmic s O |Suw S| & | GRAPHIC loalz5|a | LITHOLOGIC DESCRIPTION
Rl ) I FS P 21 & ! B LITHOLOGIC DESCRIPTION 1z =225 g2 5| & | LirHoLo Gy [EEfumCu
12 222]8] [§] |5| & | utworooyZE=ECe w3502, |8] |&] 2 S22%
wS 20212 15| |g| % B = |onl%|Z |y ] o=z
g2|oNZ 2 glef |% oez2 N ENEHEE 2o
c = 5 ; 213 e = = |8lz|Z|2
\ CLAYSTONE: greenith grey (5G §/1) with light alive grey mattling
= - CLAYEY ASH grade: o DA CLAY: - [5GY 8/1), Deformation ks slight to moderate except negr top of sore,
H GZ| coogn  ormenish grey (5G 5/1) to dark greenish grey (SGY 4/1), very N . | 8681 Sacndary pyrite staing {7} resembiling cross-beds st 4345 cm, € 86-68 cm;
" s e deformed. Ash-rich patch ot 16 om, '3 with brownish bisck [BYR 2/1] concretion sbout 2.6 x 2.0 cm.
'z SGY &/ 3 okilvidy
218l laclas CARBON TE N".ii‘.? 3 +57 ™OWiNG  CARBONCARBONATE (%)
£ ; 182
Carbanate: o0 8 :fc Carbonate: “o0
Organic carban a4 Organic carbon: 05
" CAPBONATE BOME: 0%, CC - Bl InGis CARBONATE BOME: 0%, CC
& CERAINEIZE (%) gz GRAIN SIZE %)
s |Z Sit - — Snd g
= i s 1 3% 64 s g T
w | g w
% SMEAR SLIDES (%) [
< 116 140 7|2 kot oM PO
Chusrrz -] ] Ouartz Fl a
Feldspar 7. 10 § Feldspar 512
Clay 49 g o 85 66
Volcanie glatd a2 8 = Valcanic gias 5 8
Pyrite 1 1 = Pyrite 1 TR
Carty. uripec. — 5 .§ Carb, unapes. i 2
Distoms g 30 = Diatoms B 8
RadSiotariars L & Radlolaians TR TR
= Sporge wpicules = spicules 1 1
= Slieoflagellates TR TR a m-whm W TR
SITE 436 Ho:g,s" CORE 27 CORED INTERVAL: 2455.255,0 m SITE 436 HOLE CORE 29 CORED : 26452740 m
i = FOSSIL
g |z CHARACTER | | 5 x | | cuaracrie " ot !
= |=ul Ll |2 |2] 5| SRAPHIC 2. LITHOLOGIC DESCRIPTION o iz, G| £ | crarHic |o25=la LITHOLOGIE BRSCRIFFION
LZ|w0l%|2 § I E HIHoLa ey 36: Tz|m2 218 g 5| £ | utHotoey [ZEfen oy
Slonls w vl =23 w3 |wolz|8 7] oa
F Ne|Zlal|lk “ 2 lomj< w e w| ¥ D T X
= |= |o|2|<|5 i b E |=T|=|Z|2|2 b | g
= “|Z|e=|B i S = |= |9|2|2|3 Bl S
DIATOMACEOUS VITRIC SILTY CLAY AND CLAYSTONE: ] T i greenish oréy (56 6/1) to dark
0-300 em, dark qreenish grey (5GY 5/1), slightly deformad, with 3 ’ plsdi v Rt Laortnid b e
Berly Saculiey dtt, s Nt (i octummen i = 7™ 5 I | concretionary ar concentric banding at 34.38 cm. VITAIC ASH: Tight
= B lithifsed unitsl. VITRIC ASH: light grey (NT), some pyritized with gradational 5 [ L T i bkt cC aray {NT) 1o very light grey (MB), Ash at 104-120 cm i medium dark groy
5 1 top and bottom contscts. Ash rich layer a1 74.76 em. Section 1 is browsih N g i = I i (N4, pyritized and delormed by drilling,
N back ISYR2/1),  Silicitied hoenblends dacite. 2 | o= |
2 %‘ 10-F ' we CARBON-CARBONATE {%)
K] - - 5
2 b SG 51 Carbonate: o 08
o 1 Organic carbon: 2 o
3 CARBON-CARBONATE (%) w | g 5 | e ic 02
E b 60 33 £|= ™ i GRAIN $1ZE
w38 . Cartonate: 00 00 S | @ | e
o | & 4 3 Organic carban: 03 o2 2% 2 I 4z 5 4 Bl
2 . = |3 1 242 5 42 8
z|= 2 GRAIN SIZE (%) w |k ! [
= Sand it [ )
E § g Lo T | 2lal lagkm h: SMEAR SLIDES (%} e p
g B ELTIC - ) 3 v Feg— =9 8
] 3 Feldsgiar 0 10 — W 2
E ] SMEAR SLIDES (%) 2 Heury mine — T TR TR —
140 1751 1140 280 340 2 dlay *0 — — N —
Guarz 3T 2ol S £ Volcanic glass 8 50 3 o5
Fuldspar B 3 15 w0 1w € Pyrim TR TR 10 ™ ™
3 Heavy mins. =T SN e 3 Diatoms. s TR O — B —
Y Clay 53 63 44 45 44 3 sl T s = N =
Volcanicglas 16 17 28 25 & ok 5 T e TR =
= Pyrite 1 10 1 TR 1 e i s ™ 2EL
a Carb, unspee. 37— 3 3. 2 Siicotlageileies TR
Distoms 0 7 1 15 W
Radiotarian W v PRy, | e e
Spongespicdes TR — TR TR 6
Shicofiogeliotes TR — TR — —
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SITE 436 HOLE CORE _;3# CORED INTERVAL: 274.0-2835m SITE 436 HOLE CORE M CORED INTERVAL: 783.5-293.0 m
FOSSIL FOSSIL
* TER = = =
g Iz CHARACTE z| o glsely 3 |z CHARACTER | | §_ "
- 3 R -l
s 52|ulgl| l2] (2| & Lﬁm:;glsc‘, Z2i8.) LITHOLOGIC DESCRIPTION =Clewl (L] [of |2 & | SRAPHIC loxizSe | LITHOLOGIC DESCRIPTION
LZ [»0lE|Q z ol @ U 302 | Z laglE|2 = G| @ | LUTHOLOGY e
Jlom|a|Z|w|s w| = = Lo lom|=x|Z|w|B w| = I5oa
2137152212 | eMz3 = 127E(Z|28|5| [= gurs
— @ = 3 = i = |0 = 1] et 1
= wlZ|lx|O [Ehany ey - slzl=|D 0 wnanf Sunl
= ad VITRIC CLA 2 0-300 am, greenish grey [i] VITRIC CL VITRIC DIATOMACEOQUS
£ | {SGY B/1), shightly deformed.  Some mattling with Tight olive grey M CLAYSTONE: greenish grey (SGY 6/11 1o light olive grey (5 6/11,
N {5Y B/1) ang mediem dark grey (NA), possibly pyritired ash. somowhat iated by dritling, Very One cal n
2 TUFFITE: 300410 m, greenizh grey (G /1), only slightly 05 burriw fillod with maud presarvad st 71 cm, Section 3, Core catcher:
E brecciated by drilling, 1 dusky Lhuegremn (BBG 3/2) 100, light grey (N7 base. VITRIC ASH: light grey
. VITRIC ASH: light gray (N7] with same cack grey (N3} pyritized ~ (N7} with relatively tharp top and b Brownih-black dacite
l&z parts. Top and bottom contacts are Fairly sharp, 'I-ﬂ:| el witric tuft fragments (25 cm across),
s
& CARBON CARBONATE 1%} ] CARBONATE
g 188 388 4 272 472
5 Carbonate: [T _ 1 Carbonate: 0 00
- k- Ovganic carbon: 0z 0.1 [ 3 Organic carbon 0.1 o1
z - =] B
1 ] L GRAIN SIZE (%) Al i S CARBONATE BOMB: 0%, CC
8|z SGY6N __ gand St Clay E 1 5GY 611
= '§ 1-86 B a4 48 i w0 GRAIN SIZE %]
w 288 13 52 28 3 2 5Y 611 i
2ls : g 3 270 & 45 49
313 SMEAR SLIDES (%) 3 7 am 1 W e
= 2]
3 L Ouarte 1. @ w 5 = SMEAR SLIDES (%)
S Feldspar LA w | B d E 480 CC 10
] Mica T — g é Ouarz 2 2 2 2 12
1 Heavy ming. TR — ot = : Feldspar 10 & 10 0 B
= e Clay 58 65 2|, 3 Heavy mits. — TR TR TR TR
HIG Volcanic glass 20 10 w 3 Clay 48 46 43 58 40
§ Pyrite ™ T; < 'g o :\ﬁ:wm .lrs; 0 B 12 ;t'u‘
Carb, umspec. — b, r AR A
. ™~ 3
z Dustoms AL 1) - Carb, Gnepes, O e e
E 8| |aglep & Radiolarians 13 5 N Distama W 15 15 12 2
é Sponge tpicules 2 1 = Fndiolstinm. 3 1 2 3 5
-] Silicoflagellates  TH TR g« 13 3 2 &
=] 2 Sdicoflageltates TR — TR — TR
1 ]
£ |Am :
H ]
E .
= 4 B
5
2 ]
i .
g =
2 3
ash bed
) aclam| fee| 4
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SITE 436 HOLE CORE 32 CORED INTERVAL: 293.0.3025m SITE 4'2 HOLE CORE 33 CORED INTERVAL: 302.5-3120m
FOSSIL 1 FOSSIL
% CHARACTER < % i = = | cHARACTER el
2~ o| 2| er 5 3 |= z| w g2y
= o APHIC [ou|Z%5 = |atw O| = | GRAPHIC |oalz%[5
'z wiel |2 =| = | LtHolOGY O LITHOLOGIC DESCRIPTION e = P ] ol |Z| W ;.a., LITHOLOGIC DESCRIPTION
w =2 ol ¥ BN 12 23(2(8] || |G| & |vHoroerzElenas
= gzsg A Gz ;50"‘5%3‘; al= 22
= o|f|a|= 7 b = |= |o|ld|=<|Z2 o e
e w|lZ|=|a = HEAEE Qfwnan Sl
19 WVITRIC DIATOMACEOUS CLAYSTONE: 120:320 om— gresrish 2y DIATOMACEOUS VITRIC CLAYSTONE: moderate yellowish brown
a ey (5GY 6/1) 1o lght olive grey (5 6/1), moderately deformer, ol {(10YR 5021, stightly deformod, busrowed rones comeman. Ash content
—{0Q Dnilling breccia, 0120 cm, comists of voleanic rock fragments (1, appears 1o decrease through Section 3 then increase agein, Arh beth beooming
e [e] soma ol which are wolltounded, arad fragrents of witric dutomaceous ety commo: than in overlying sediments, VITRIC ASH: light grey INS), bed
E (o] clayerone. at 77 crm, Section 2 has fait laminations; bed ot 113 em, Section 6 it graded
0 - . with sharp top and bottom contacts.
- 3 CARBON CARBONATE (%) z
£ F b 8 260 <: |
23 4 Carbanate: 00 CARBONCARBONATE (%)
ég - I WC Organic carbon; 03 s I e ‘3"55
w & : Carbonate:
& E.—g CARBONATE BOMB: 3%, CC == e Drganic earbion: 0.1
g o :‘RM ) ' we GRAIN SIZE (%) =) ‘ 10YREZ CARBONATE BOMB: 0%, CC
ik 28 2 = GRAIN SIZE (%)
glE : || i | el | TR e
3 “éi gy SMEAR SLIDES %) ) ) = J . -
EE ‘ Feldhosr 0 b 1 B SMEAR SLIDES (%]
== Heavy mins. — — TR bate 180 277! 2100 370 480 570 680 613"
aw AG cc 1 Clay 7 1@ 43 | s 7 — 2 2 2 2 1 &
= Volcanic glas 5 20 20 1= Faidspar w o5 8 165 15 12 10
Pyrite 1 1 1 A - | Heawy mins, - TR -— T -~ TR TR TR
k) X = g 3% — B 68 56 49 43 ——
Dc'crém 20 qg 15 ;i; 1 4 ] peotez Volcani glasa 3’ o8 18 5 10 15 25 B2
Pacbicslarinn 2 4 4 5 P r“'m Caa;nriw 1; — ; T:l T —T- = -
Spange spicules 3 13 2 o |' Pyri e Ay
i TR TR TR i 1 s i el o e
- - Diatoms 1 — 1 & 15 18 16
g ™ Radiolarians 1 — 1 2 2 2 1 -
¢ ls ™ , Spongespicules 2 — 1 11 Y 2 -
&g 1 ] Siticofiagelises TR — TR TR TA TA TR —-
1 E = Mica
] = N O
e é St = ]
= |S (e TR ]
w | E B : !
=3 A
3z sl 1M I |-
» P I we
2 o
E] 14 =54
3 5
= ¥ Lood
H kS | =
N | 1. bead
4 RS | Pt
; Feadi =]
5| 4 &
i ¥ In
= -4
- hr
g 1] |
a 1 d |
m .
e
8 1 l
= I oz
6 ::i ‘
i |
pi | |3
M |
7 _[:: - I
8| laclw| fec| 4 ! bed
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SITE 436 HOLE CORE 34 CORED INTERVAL: 312.0-321.5m
FOSSIL =
5 |- | cHARACTER o i
o |du ol 2| or 3
APHIC i}
“I‘ = :g g 3 % E E LITHOLOGY =5 O LITHOLOGIC DESCRIPTION
HECHE -
= |2Ng |z 1818 |4 =
= = |2|Z|2|a a
AND DI RADIOLARIAN CLAYSTONE:
- in Secticn 1 theough 4, SILICEQUS VITRIC CLAYSTONE: in Sections 5
g and B; moderate yellowish brown, weakly indurated, stightly disturted by
o |Rm deilling. Thin ash layers at & 30 cm and 5; 30-32 cm. Bioturbated intervals
E oceur in Sectians 3 throwgh B, The major constituentsof the sedirments
1 is clay sdmixed with minor biogenic siliceaus particies sod with vitric agh,
E miore abundant in the kewer part.
g
3
E CARBON-CARBONATE (%)
264 G54
4] Carbaonare: [T 1]
= A Organic carban: o1 01
CARBONATE BOMB: D%, CC
5 .
T3 we "OYRE oo size i
4
-+ = 265 1 Fil o
o 665 0 2 7
!
o SMEAR SLIDES (%)
) b e 1301 180 269 332! 3104t 430 65
= Quartz 2 ™ TR — TR TR TR
=8 b Feldspar 13 2 5 3 7 -]
2 | g o Wica TR TR TR — TR TR TR
@8 . Clay 56 78 75 5 61 65 59
8 a 3 Gl Wolcanic glass _ 2 4 @0 3 12 w0
|2 b Pyrite 7 ——— =
2 A Diatoms 20 15 12 1 0] 8 8
w E 7 Radiclarians L 3 3 1 5 w8
a T Brenwn agregates? — e — 15 e gk
a i Sponge spicules I ™ 1 — TR 7
= r §' oA
= L
L3 e
B —F 3
4 A
g ]
B
'é 1Al
; ==
é "M —4n
7 [
5 F3
g e
e
—+ o
E -+
=
§ L
ot 6
o |8
B AG|AG ccl

SITE 436 HOLE CORE 35 CORED INTERVAL: 321.5331.0m
N FOSSIL
% |~ [ cHARACTER
8rdw 5| & | orarmic LITHOLOGIC DESCRIPTION
£ @ o
EEHEE] g =| & | umHotoey ) ¥
U F R I H
- - L|lqg|2
= = |2[z|d|5B
- DIATOMACEOUS CLAYSTONE: moderate yellawish brown (10¥R 5/2)
5 o wellowish olive grey (5 B/2) with rare grevnish geey [5G 8/11 wsh spots
4 and & vitric ash layer, light grey (NT) st 36-3, 25-30 cm. Saworal
05 imtervals in Sections 1, 3. and 4 are hioturhated, with dark burrow
m fillings. Diatomns and radiolarinm comprise 15 to 25% and wolcanic
1 3 TOYR 52 glass 3 1o 10% of the mudssone, the rest & pure clay with face detsitsl
J minerals.
1.0
E i CARBON-CARBONATE (%)
8 1 367
o -4 Cartonate. oo
2 — Organie carbon: a1
3 =
- 1
£ 1 GRAIN SIZE (%)
v R e 1 32 &7
2| 7 BY62  smean SLIDE 1)
= - Quartz TR TR 2 TR TR
w — Feidspar 3 1 10 5 2
= s Mica TR TR 3 TR TR
o = Clay /M — 65 BO
e Velcanic glass 3 4 85 10 3
= Carb, unipee, —_T — & e
w Diatorns 1?20 — W W
2| _ls Radiolariant B8 6§ — & 5
s |3 Sporgespiculs 1 TR — TR TR
] 3 Suicoflagellares TR — - TR TR
a
3
3
g
o
HD
3 ™ s
s
2
a
AP lcG CC
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SITE & HOLE CORE 36 CORED INTERVAL: 331.0-340.5m SITE 436 HOLE CORE 37 CORED INTERVAL: 340.5-350.0 m
- FOSSI
FOSSIL ¥ » 0S55IL .
e w | CHARACTER | G g s CHARACTER || i
Q & Z5=5 - | £ | craPHI =5
= o~ Y P Of i&/|  GRAPHIC 4 LITHOLOGIC DESCRIPTION g == 2| & slsadpiiek o LITHOLOGIC DESCRIPTION
1z [22|2]8| |g| |5| £ |vHoloey sy e 5| £ | urHo 22
w5 (BOZ/Z bl I EY0a] w3 6932w ul = E50a
s |oN2Z| 8|5l (& T3 =7 |23z (8[| [% SlealEE
= |= |9|2|2|3 b ! = 1212|215 7| e e
"
T e Rt TH e
[ umur:';..:-dw in -m'.:ln‘:u::::i:n:ﬁ:-c i favers a1 384, - 110G 672} ancl pabe brown (BYR 5/2) patchet of muddy vitric ssh in
113127 cm, and 368, 33 cm 17), The biogenic silics content i Z |rm| 0s SYR 54 Sections Zand 3. Intense biaturbation occurs in several intervts of
wariable, bt Iy o, s pure clay, 3 Sections § and B; dight bioturbation in Sactions 3 and 7. Blogenk
Y M i i ® 1 wlica comprises 15 1 28% of the mudstone; distom somewhat
NATE 1%) 6z ing over ians. The daminant it pure
AR AR BN 33 57 % 10 eCH clav. A basait [7) pebible was found on top of Section 1.
Carbonate: 00 00 =
Orgenic cartion: 01 01 3 10 YR 64 CARBON-CARBONATE (x)
— GRAIN S1ZE (%) é; = Carbonate: 00 oo
8 Sand__ Sitt  Clay o . Organic: carbon: o1 03
o 2 26 72 g
520 1 @ 7 E GRAINSIZE (5]
R
. 10YR 6/4 SMEAR SLIDES %) 3 2 w1 =7
+ 1 354 2118 577 6330 720 g 640 2 a1 &7
7 Guartz — — = == 1 —
3 - Feittspar 11 s 14 TR & SMEAR SLIDES (%)
1 Oganic Mica TR TR TR TR TR TR 3 4 730
| Geocheminy Clay a0 85 20 83 40 b Foidspar 1 & FIEE T T TR |
.g iy P AB R 3 ol mx = WO
N Sidh e TR TR — TR TR TA 3z ] Clay % 2 e W T 73
Ele Diatoms w5 2 & 2 15 sle e—— v 5 5 1 5 10
E we Fiadicl ariam B 7 3 8 3 5 2 . Zealites A — 2 1 TR 1 TR
-] . Spange ipicies TR 1 — TR TR — % Pr] unspec, TR TR TR TR TR TR TR
i MW — —T — 3 1o Distama B 1 W 1 20 1 10
& ? S " 2 Radiolarians 8 2 5 8 B B &
3 2 Soongesicws TR — TR TR TR TR TR
215 % Siicofagellates - — - TR TR TR TR
w
w | & ol
5 w | E
g|¢ 58
- i [. 4
e g w 5
o |8 2 B
g |= a ﬂ &
|2 4 - 4
g & 3 we
i E :
2 = 1
§ 5
3 3 | o
L g ]
| ]WE . =
(=] 2 A
5 S84 1ovm e | .
7
" 3
8 .
B —
& — & 7 =
1 62
e ¢
EYR B ] i
B 7 e 7] 3 )
AG oM
cc al lasjee] |CC
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SITE 438 HOLE CORE 38 CORED INTERVAL: 350.0-359.5 m SITE 436  HOLE CORE 39 CORED INTERVAL: 359.5-369.0 m
2 :n:?tist‘::u z X ca:?:s:tl:lr'u wlE
g 1= z| w 2l 5, |2 3l 2| orapmic 225
== 2lalw " =2 E GRAPHIC o8 B LITHOLOGIC DESCRIPTION (3ol == PR 3 2w ARHIC B LITHOLOGIC DESCRIPTION
lz |lhgl=|2 z G| & | LTHOLOGY ;E]‘ 1z |R3|2|e G| & | LTHoLOGY Exiihas
s oml2|Z(a|e w| X =50 22 om|<|Z|w|E w| E =325
A HE AR SHES e (e3|2]E| |7 =3
= = |2|z|2|e = = = [8|z|2|a Gl =
E AG = o CLAYSTONE: 0:50 cm, grading into pelsgic clay.
RADIOLARIAN VITRIC CL moderate yellowish (10 5/4) w|gle ] * | mvane  PELAGIC CLAY: light brown to moderate brown (5YR 64
| slightly deformed, with abundant burrowed | S ) rones, Mudstone fractumes 9 1% 1 WEL g o 10YR 574) near tha top with brownish-black (5¥R 2/1) patchy zanes.
RV I Inta coherent Blocks [sbout 10 em long) separated by satt mud zones created = § s BYR G dightly deformad with abundant Burmows in the first four tections.
by drilling. Two thres mm thick layers of fight 1o maderate red cay = I o Trarition from distomacecus radiolarisn vitric mudstens of Core 38
1 : | (5R 5/8) occur at 72-72 em in Section 8. Y § 1 ot 3 occurs in the fiest 50 om of Care 38, Manganses sodule () with
] o ol or brownieh bladk (5YR 2/1) et at 111112 cm, Section 1. Tramition
&
z I e CARBONCARBONATE (%) a 1.0 Ol | b= from mocerate yellawith beewn | 10Y R 5/4] 1o brownish blsdk
2483 482 = 0 ocd |- (5YR 2/1) pelagic clay is gradual and well thawn in this coen,
[ Carbonate 00 00 s¥A2A, Brownish black (5YR 2/1] pelgic clay is dominant balow sbosit 60 cm
10¥R 54 Organic carban: 9w . o | vovasa,  inSections,
f 3 - | & svAEA
GRAIN SIZE (%) 8 = ———— | bes W¥R G4  CARBONCARBONATE (%)
bo ™ 1wovnan _182 582
Fv| 280 3 46 51 ] | o Cartanate: 00 04
480 2 M B4 ——— jovnan  Owaniccebon: 0.1 0.
2 - SMEAR SLIDES (%) 3 — | ed s [swmen GRAIN SIZE (%
170 2:70 370 470 570 670 730 ] | £ Sand St Clay
; Cuartz — = 1 1 1 1 1 ————— | == 180 0 1w e
3 Friipar ! 7 8 7 5 5 4 . E80 O ] 95
] MEygn  Meawy mins TR — TR —— — — — -
74 B4 51 &1 65 66 72 : SMEAR SLIDES (%)
1 Volesnic glass 10 20 2 0 10 10 10 o 35 160 2.76 200 300 456 41 1 15
I Pyrite TR 1 TR 1 1 TR TR B 8 < Cuartz TR 1 TR 1 1 1 TR 1
: Diatarn 4 3 8 & 3 3 3 = Feldspar TR TR TR TR TR 2 2 3
B - Radiolarians 5 8 W0 12 15 15 10 o i Mica et Pt RSl | = —
- | Spongespiculs TR TR TR TR TR 1 TR = Hemyming, — o= TR — == o = ——am
3 Silicoflagellotes TR TR TR TR TR TR TR a _ X Clay o4 62 B3 82 aa 96
[ AR Volenieglss 5 & B 2 5 TR
£ ] - Pyrite T | TR _
R | = . =S =
. Digtoms -— TR — — —_— ——
13 11 ; Radiclarions. 1 2 TR — 2T
81z ; i < [l il Spange sicules — — — — I
S| = o
g |t I =
ﬁ g b | Furd s
et Fetetd
2 § e & S m 4 ;:‘nwm
a "y 4 pod * 4 s
2ls 3 I cg: 7 | [ |rovnan
3 — = | e
- . ! bl
< - e I
: | 3 =
| borrid 1oYR 504 e ] -
3 loed 8 TOYR 2
] = g
B = | = | L
5! 3 : 5| 6z
| | %
= | WC =}
< we
i 8 B - I &R 20
g w 1| ped . I
B =
N . ]
= L] I SR B/ - S voin ]
2 3 | B B o] X
E
a 7 | &
B| |as cc = [] [we
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Sure 3. M o:;ssn. CORE %0 CORED INTERVAL: 30903785 m SITE 436 HOLE CORE 41 CORED INTERVAL: 378.5.388.0m
* > FOS5IL
8 g |SHARAIUR AL, 3 S | [cnaracter | =,
O lw o| & | eraprHIC s 2 = 255
1z 52|28 S| £ | THowo oY Fola2 Su LITHOLOGIC DESCRIPTION by bt~ P % Q| & | GRAPHIC lagizoie | LITHOLOGIC DESCRIPTION
313312121, |3] |3 2 o L2 (58l2)8 G| & |umwotoevEEEEy
R HEE R A ETonzlZ|glE] (8] = Ziaas
Aol 1 L = G HEHE G
B PELAGIC CLAY: brownith black (SYR 2/1), only slightly 1 . 10YR 2.2 with i
l : deformed, with wattared lght brown (YR 6/4) clay-filled d{i: i | 10YR 815 patches fﬂ:::hﬁzm*ﬁu;‘;;n“m 2:7':‘;”‘
05 bos T o o T U o PG L 3 cp 1 1o VRSB0 0YE2 i spats, vary deformed. Meddish parchos could be elay.
: 5 0.5 fitteet burrows.
1 e 7 ZEOLITIC CLAY AND PELAGICCLAY: from 30440 cm.
| loed * CATBONEABRONATE ) s R A = Zeclitic clay s pale olive (10Y 6/2) and pelagic clay & light
10- r SYR 211 CabEnse 00 00 2 103 brown {5 S/6).
] foe DOrganic carbon; 0.0 o1 2 - CHERT AND PORCELLANITE: from 4050 cm— light olive grev IBY &/1),
I = 1 Dlack, anel olive black Laminated chert with o pabe reddish brown [10R 5/6)
GRAIN SIZE %) z |2 i fers abaut 1 to 2-mm thick; also wveral fragments of pink poreatianite may
B l o) o |3 be seen in this interval.
3 285 0 7 8 E
- | boo w0 6 o g 1 sweARSLIDES)
. 62 = ks Oumrte 1T
. I |8 SMEAR SLIDES (%] ” . - | i e
[ < Ouartz 1 1 TR 1 2| Clay ik - s
1 [ Fuldnar 2 4 TR 2 -1 oo ry
5YR 614 parches i
3 I pood L Clay a7 85 100 87 = b Y
7 procy Valcanic TR TR TR TR
1 bt m.“.‘.".. B s TH A= La SITE 436 HOLE CORE 42 CORED INTERVAL: 388.0.397.5m
I P FOSSIL B
B ] | P -4 L ARACTER [ =
Q o perel i
E L O [aw O| & | GRAPHIC |o55%B
| b 1z ;g 2 8 £ 5| & | utHoloey|z2 e Ol LITHOLOGIC DESCRIPTION
- Z|w w| = — on)
3 I s~ |Onjal Se=29
} 1 z |z |8l5|2]= = el
1 I s o= R Z|lx|0O Qv S
: - b SYA2/1 CHERT AND PORCELLANITE FRAGMENTS: brown black (EYR 2/1,
|I el . @ @9 I L Some are laminated with irregular patches of moderate reddish orange
I . material (10YR 8/5). Concoidal fracturs n mora vitreous places. 018 cm
8 0.5 o core s di ia but includes iwh black pelagic clay,
o I . 3 Saventeon places of chert eounted and labeled.
pred
| ez
4 3 [ cc
| SYR 2/
I ]
]
S I=
3 =
s ———————  lsduc
E voIn
w| |e|s i =1
[ I we
T_Twe_ ] I
BEE | pos
B cc |
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SITE 436

Site 436
—0 cm

1,CcC 2.CC




SITE 436

Site 436
—0 cm

4,CcC b-1




SITE 436

Site 436
—0 cm

432
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SITE 436
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—0 cm
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Site 436
—0 cm
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SITE 436
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—0 cm
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SITE 436

Site 436
—0 cm
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SITE 436
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—0 cm
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SITE 436

Site 436
—0 cm

—150
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SITE 436
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—150
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Site 436

—0 cm ¢

30-3

30,CC 311
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SITE 436
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SITE 436

Site 436
—0 cm
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SITE 436
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SITE 436
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