2. SITES 438 AND 439: JAPAN DEEP SEA TERRACE, LEG 57

Shipboard Scientific Party!

SITE 438 (HOLE 438)

Date Occupied: 19 October 1977

Date Departed: 19 October 1977

Time on Hole: 1 day

Position: 40°37.75'N; 143°13.90'E

Water Depth (sea level): 1552 corrected meters, echo sounding
Water Depth (rig floor): 1562 corrected meters, echo sounding
Bottom Felt: 1557.5 meters, drill pipe

Penetration: 109.5 meters

Number of Cores: 12

Total Length of Cored Section: 109.5 meters

Total Core Recovery: 81.9 meters

Core Recovery: 75 per cent

Oldest Sediment Cored:
Depth sub-bottom: 109.5 meters
Nature: Olive-greenish mud
Age: Lower Pliocene
Measured velocity: 1.6 to 1.8 km/s

SITE 438 (HOLE 438A)
Date Occupied: 22 October 1977
Date Departed: 27 October 1977
Time on Hole: 6 days
Position: 40°37.79'N; 143°14.15'E

Water Depth (sea level): 1558 corrected meters, echo
sounding

Water Depth (rig floor): 1568 corrected meters, echo
sounding

Bottom Felt: 1568 meters, drill pipe
Penetration: 878.0 meters
Number of Cores: 86

! Roland von Huene (Co-Chief Scientist), U.S. Geological Survey,
Menlo Park, California; Noriyuki Nasu (Co-Chief Scientist), Univer-
sity of Tokyo, Tokyo, Japan; Michael A. Arthur, U.S. Geological
Survey, Denver, Colorado; John A. Barron, U.S. Geological Survey,
Menlo Park, California; Gary D. Bell, Gary Bell and Associates,
Westlake Village, California; Jean-Paul Cadet, Université d'Orléans,
Orléans, France; Bob Carson, Lehigh University, Bethlehem, Penn-
sylvania; Kantaro Fujioka, University of Tokyo, Tokyo, Japan; Eii-
chi Honza, Geological Survey of Japan, Tsukuba, Japan; Gerta Kel-
ler, Stanford University, Stanford, California; George W. Moore,
U.S. Geological Survey, Menlo Park, California; Richard Reynolds,
Rice University, Houston Texas; Shunji Sato, Japan Petroleum De-
velopment Company, Tokyo, Japan: Bernard L. Shaffer, Gulf Re-
search and Development Company, Houston, Texas.

Total Length of Cored Section: 878.0 meters
Total Core Recovery: 555.3 meters
Core Recovery: 63 per cent

Oldest Sediment Cored:
Depth sub-bottom: 868.5 meters
Nature: Claystone
Age: Lowest middle Miocene
Measured velocity: 1.95 km/s

SITE 438 (HOLE 438B)
Date Occupied: 27 October 1977
Date Departed: 2 November 1977
Time on Hole: 7 days
Position: 40°37.80'N; 143°14.80'E

Water Depth (sea level): 1564.5 corrected meters, echo
sounding

Water Depth (rig floor): 1574.5 corrected meters, echo
sounding

Bottom Felt: 1574.5 meters, drill pipe
Penetration: 1040.7 meters

Number of Cores: 24

Total Length of Cored Section: 215.9 meters
Total Core Recovery: 192.6 meters

Core Recovery: 45 per cent

Oldest Sediment Cored:
Depth sub-bottom: 1040.7 meters
Nature: Clayey siltstone
Age: Lower Miocene
Measured velocity: 2.0 to 3.5 km/s

SITE 439 (HOLE 439)
Date Occupied: 3 November 1977
Date Depar=d: 8 November 1977
Time on Hole: 6 days
Position: 40°37.61 'N; 143°18.63'E

Water Depth (sea level): 1656 corrected meters, echo
sounding

Water Depth (rig floor): 1666 corrected meters, echo
sounding

Bottom Felt: 1666 meters, drill pipe
Penetration: 1157.5 meters

Number of Cores: 39

Total Length of Cored Section: 342.0 meters
Total Core Recovery: 163.1 meters

Core Recovery: 48 per cent
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Oldest Sediment Cored:
Depth sub-bottom: 1157.5 meters
Nature: Hard clayey siltstone
Age: Late Cretaceous
Measured velocity: About 4.2 maximum km/s

Basement:
Depth sub-bottom: as above

Principal results:

At Site 438, three holes were drilled, the deepest to
1040 meters, and 122 cores were recovered. At maxi-
mum depth, rocks are of lower Miocene age, and the
Pliocene and Pleistocene boundaries are at 380 and 52
meters, respectively. Hole 438 penetrated sandy, silty
clay with erratic pebbles, and we stopped drilling at 110
meters because of a medical emergency. Hole 438A was
cored and logged to 868 meters through a generally uni-
form diatomaceous silt and clay section divided as fol-
lows: 0 to 364 meters diatomaceous clay to diatom ooze
with numerous ash layers and uniformly straight log
traces; 364 to 593 meters, mostly upper Miocene diato-
maceous claystone to clayey diatomite of variable indu-
ration which gave highly variable log traces; 593 to 818
meters, largely middle Miocene claystone, diatoma-
ceous claystone, and calcareous claystone with some
thin limestone beds; 818 to 878 meters, largely lower
Miocene sandy and diatomaceous claystone, in part
vitric, marked by a pronounced shift in all log traces.
Hole 438B was a re-entry hole washed to 850 meters and
cored to 1040 meters prior to hole failure in highly frac-
tured claystone. The section consists of lower Miocene
diatomaceous claystone with highly vitric sand-silt clay-
stones to 976 meters. From 976 meters to 1040 meters,
samples consist of highly fractured, well-indurated,
dark clayey siltstone. This section is similar to other
Neogene sections drilled on northeastern Pacific mar-
gins. Hole 438B ended 250 meters short of the acoustic
basement, which was attained 5 km east at Site 439.

Core logs from Site 439 extend from those at Site 438
to older rocks and acoustic basement near the top of the
Japan trench inner wall. This reflective sequence, large-
ly of Neogene age, is broken only by mild normal fault-
ing. Rapid subsidence of a Paleogene landmass to
bathyal depth by the early Miocene is indicated by the
following sequence of lithologies near the bottom of the
hole: Cretaceous dark silicified silty claystone cut by an
erosion surface near or below the acoustic basement re-
flector; boulder conglomerate and breccia, 48 meters
thick, in which most of the clasts are porphyritic dacite
from a nearby source and dark silty claystone; massive
Oligocene sandstone, 105 meters thick, with numerous
megafossils, many still articulated, and upper bathyal
benthonic foraminifera. The lithology then changes ab-
ruptly to an early Miocene fine-grained turbidite-clay-
stone sequence, 78 meters thick, overlain by the approx-
imately 850-meter-thick sequence of hemipelagic diato-
maceous claystone deposited at bathyal depth and stud-
ied at Site 438. The sequence of environments inter-
preted from these lithologies begins with an Oligocene
or older emergent terrain that includes the silicified clay-
stone and volcanic outcrops. Subaerial conglomerate
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and breccia were covered in the Oligocene by sand trans-
ported from a nearby surf zone into quieter but shallow
waters. As subsidence continued, the distance from
sources of terrigenous material increased and turbidites
became increasingly distal. The area of sites reached
bathyal depth at the beginning of the early Miocene and
was then essentially isolated from all but some very fine-
grained terrigenous materials until a renewed influx of
terrigenous material in the late Pliocene and Pleisto-
cene.

BACKGROUND AND OBJECTIVES

The drilling objectives at Sites 438 and 439 (Figure 1)
were to determine the composition of crust at the outer
part of the fore-arc basin landward of the inner slope
and to study the geologic history of this portion of the
deep sea terrace between the shelf and the Japan Trench
inner slope. In the multichannel records, basement is
represented by a series of strong diffractions that
underlie the orderly sequence of reflections from a stra-
tified sequence. This diffracting horizon can be traced
from near shore to the midslope terrace of the trench in-
ner slope. The sites were selected where acoustic base-
ment could be penetrated by the Glomar Challenger.

A second objective was to sample the outer fore-arc
basin sediment sequence and characterize its paleoenvi-
ronments. A Cenozoic tectonic history might thus be
established from the combined geophysical and geolog-
ical data that would reflect the subduction history along
the Japan Trench and the convergence of the Pacific
and Asian plates. In particular, the chronological se-
quence of volcanic ash might give a general history of
nearby arc volcanism. The diagenetic history of the rock
sequence on the shelf could be compared with diagenesis
in the accreted wedge beneath the trench inner slope in
order to separate the effects of tectonic consolidation
and disruption from normal burial diagenesis. The
sampling at this site was considered important in the
overall transect across this continental margin to fa-
cilitate the integration of terrestrial and marine geologic
studies.

OPERATIONS
Predrilling Site Survey, Site 438

The objectives of the predrilling site survey were to
identify, if possible, any potential hydrocarbon-trap-
ping structures that may have been missed previously
and to locate the site in accord with the recommenda-
tions of the IPOD Safety and Pollution Panel (SPP) and
the SIO Safety Panel. The recommendations had been
based mainly on the Japan Petroleum Development
Corporation (presently Japan National Oil Corporation)
Multichannel Line 1 (JNOC-1). The panels recommend-
ed moving the proposed site to a more landward loca-
tion between shot point (SP) 610 and SP 650 to avoid
possible hydrocarbons that might have migrated up-
slope. No multichannel records existed which crossed
JNOC-1 at right angles at the new location. In addition,
the safety panels had advised that faults be avoided, be-
cause faults might enhance gas migration and provide
small hydrocarbon traps.
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Figure 1. Location map showing position of sites drilled on Legs 56 and 57 and of
JNOC multichannel seismic reflection profiles. Diagrammatic cross section of
continental margin shown below (based largely on Ishiwada and Ogawa, 1976).

Two Ocean Research Institute (ORI) single-channel
records along north-south transects crossed the main
multichannel line on either side of the initially proposed
site (Figure 2). One of the ORI lines indicated a shallow
local unconformity that might provide a potential trap.
Therefore we desired to establish the extent of the un-
conformity prior to drilling.

Glomar Challenger approached the site area from the
south on a course parallel to, and between, the two ORI
lines (Figure 2). About 20 km away a sonobuoy was re-
leased, but the hydrophones failed to deploy. The
northern and southern limits of the unconformity were
recorded on this line, and the crest of a broad anticline
north of the site was defined before turning. A second
seismic-reflection record was made just landward of the
ORI lines on the second southbound track, which
passed 0.5 km landward of the proposed site. This
record did not pass through the site because navigation-
al aids were not all receivable. During the subsequent

northwest transit, all information was considered and
we decided that the proposed site had low risk if the rec-
ommended safety program was followed during drill-
ing. Glomar Challenger then turned along the main
JNOC multichannel record section used to select Site
438 (predrilling site J-12), and the beacon was dropped.

Drilling ended at Hole 438 because of a medical
emergency that required the ship to dock at Hakodate,
Hokkaido. During the return from Hakodate, a seismic-
reflection line was to be made along the crest of the
structure on which the site is located; however, naviga-
tional aids were insufficient to locate the line well. Hole
438A was located on the same beacon as 438, 910 meters
east along the JNOC multichannel line to avoid some
deep faults. Hole 438A was a pilot hole for the re-entry
hole 438B, which was placed 350 meters east, again to
avoid as much faulting as possible in the lower interval
to be cored. However, 438B may have been about 140
meters west of the desired position.
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Figure 2. Bathymetric map of portion of Japan deep sea terrace showing
location of Sites 438 and 439, tracklines of Glomar Challenger, and
traces of other available seismic lines in area. Contours based on network

of geophysical data as shown.

Predrilling Site Survey, Site 439

During the predrilling site survey, seismic reflection
records were made to search for local unconformities in
the upper part of the sedimentary sequence. The site was
then established by steaming along the multichannel line
and dropping the beacon at a predetermined distance
from a major fault. The ship’s track (Figure 2) was dif-
ficult to control because of a 3-knot (5 km/sec) current
and insufficient navigational aids. To gain sufficient
navigational control, the ship returned to the beacon for
Site 438 and then made a straight course for final posi-
tioning of the new beacon at Site 439, 5 km east (Figure
2). Uncertainty in the ship’s track during the first part
of the survey is as much as 1.5 km. However, we made

the beacon drop within 150 meters of the desired loca-
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tion based on a satellite position of the Site 439 beacon
after the ship had hove to at the site. The ship was offset
from the beacon, and 25 good satellite fixes confirmed
positioning over SP 760, JPDC-1,

After drilling and logging, we attempted a sonobuoy-
refraction line across the site. The record failed to give
refraction velocities because of instrument problems.
However, we did obtain a good single-channel seismic-
reflection record along a northeast-trending line.

Safety and Pollution Considerations

The position of Site 438 in a basinal area of the con-
tinental slope required more than the usual amount of
caution in monitoring hydrocarbons as drilling pro-
ceeded (Table 1). The structural setting of Site 438 was
not fully known until after the seismic records made



TABLE 1
Safety and Pollution Considerations: Suspected Gas Quantity Index

0. No noticeable degassing or detectable hydrocarbons in core
sample.

1. Detectable hvdrocarbon gas but insufficient for reliable analysis.
No notable pressure, separating, or bubbling.

2, Sufficient hydrocarbon gas for anzalysis of core tube samples.
Widely scattered bubbling and/or separation.

3. In consolidated core the sound of gas bleeding (“‘frying,” “fizz-
ing,” or “chirping”).  Slight bulging of end caps in storage rack.
Minor cracking in softer cores.

4. Pronounced bubbling of gas from core on retrieval. Numerous
small separations in soft cores. Strong bulging of end caps. Dead
oil staining.

5. Numerous large separations in soft cores. End caps blown off.
Small amounts of soft core extruded from sections on rack.
Consolidated cores with the same amount of gas will probably
extrude sediments only when the core barrel is first opened. Oil
fluorescence.

6. Indications of pressure before opening core barrel. Pronounced
expansion of soft core on removal from barrel. Live oil staining.

7. Core catcher forcibly blown off. Good oil cut or “popping.”

during the Glomar Challenger predrilling site survey
and the ORI single-channel lines were integrated with
the multichannel coverage. Study of the multichannel
JNOC lines indicated a general correspondence between
topography and the broad structural features of the
deep sea terrace. Therefore, topography was used as a
guide to a structure, because the lower seismic horizons
were difficult to follow in the single-channel records.

Site 438 was found to be down the flank of a broad-
faulted transverse-trending arch with local easterly
plunging closure (Figure 2). High-angle faults with a
presumed north-south trend cut the closure at 2- to
S5-km intervals. Vertical displacement along faults is
perhaps as much as 200 to 300 meters at lower levels,
but generally it is no more than 100 meters along the sea
floor as seen in seismic-reflection records. Faulting ap-
pears to have been contemporaneous with sediment dep-
osition. On a small scale, these faults might be traps for
hydrocarbons. On a larger scale, the position of the site
on the flank of the structure appears to be below the
main area of closure. A fault seems to isolate the site
from source areas downdip, if the fault zone is indeed a
barrier. Local pods of tilted sediment occur along the
flanks of some structures. Around some pods, uncon-
formities have developed.

Prior to Leg 57, an oil company showed the ship-
board staff the logs and seismic information of a deep
hole drilled landward of the site. From the surface to the
top of the Cretaceous, generally less than 1 per cent dry
gas was measured in the hole. There were no reservoir
sands and very low permeabilities above the Creta-
ceous-Tertiary boundary. Because, in addition, the sec-
tion was expected to ‘‘shale out’’ seaward, encountering
hydrocarbon reservoirs was thought to be even more
unlikely at Site 438 than nearer shore.

Before drilling below 100 meters, the scientific staff
reviewed all these consideration. Because faults might
form small local traps, they were avoided as much as
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possible in locating the final hole position. Closed
stratigraphic pinchouts probably exist at the truncated
edge of local pods of sediment, but near the site pinch-
outs were probably not in communication with horizons
deep enough to be in the thermal petroleum generation
zone.

After drilling and logging 438A, it was concluded
that the site was underlain by rocks of insufficient
porosity and permeability to be hydrocarbon reservoirs.
However, several of the units with intense fracturing
and associated indigenous biogenic gas could have con-
tributed to the caving that ultimately forced abandon-
ment of Hole 438B. The organic carbon content and the
fine-grained nature of the sediments generally preclude
generation and storage of all but indigenous biogenic
gas.

LITHOSTRATIGRAPHY
Introduction

Holes 438, 438A, 438B, and 439 were drilled on the
deep sea terrace of the continental margin off northern
Japan (Honshu) adjacent to the Japan trench. The ma-
jor lithostratigraphic objective at Sites 438 and 439 was
to core up to 1300 meters of a reflective sequence above
‘“‘acoustic basement’ and ascertain the nature of the
basement, which was thought to be Cretaceous, prior to
drilling, because it could be traced continuously from a
Cretaceous unconformity near shore. Unfortunately,
fractured rock caused hole instability problems which
forced termination of drilling at a sub-bottom depth of
1047.0 meters in Hole 438B, preventing penetration of
the acoustic basement. Therefore, the ship was moved
to Site 439, approximately 5 km to the east, where fault-
ing appeared less intense in the seismic records.

Holes 438, 438A, and 438B and Site 439 are located
along JNOC-I1 in order and progressively deeper from
west to east; 438B is about 1.3 km from 438, and depth
to sea floor ranges from 1552 to 1572 meters from Hole
438 to 438B. From these three holes, a continuous sedi-
mentary section was recovered from 0 to 1047 meters
sub-bottom. Coring was continuous, and recovery gen-
erally good (see Figure 3 and Site Summary Chart, Sites
438 and 439, back pocket).

The coring at Site 439 overlaps and continues to
acoustic basement the section cored at Site 438. The age
and lithologic relationships between holes and a coring
summary are shown in Table 2 and in Figure 3. A total
of 7 lithologic units are defined on the basis of sediment
character in Sites 438 and 439. Cores 439-1 and 439-2
are assigned to Sub-unit 2B and 439-3 and 439-4 to Sub-
unit 2C, as described at Site 438 and based on strati-
graphic position and lithologic similarities. Continuous
coring at Site 439 was undertaken beginning with 439-5,
which contained sediment of the lower Miocene that is
lithologically correlative with Unit 3 at Site 438. The
two sites are discussed together in the following because
they represent drilling at essentially the same location
and with the same objectives.
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Figure 3. General lithology, lithologic units, core recovery, ash layer frequency, and physical properties from geo-

physical logs.

Hole 438

Lithostratigraphic Unit 1 (Cores 1-12, 0-107 m
sub-bottom, upper Pliocene through Pleistocene)

This unit consists of olive gray (dark olive gray and
dark gray, 5Y 4/2, 3/2, 3/1) sandy, silty clay (some-
times pebbly); clayey sand and silt (also pebbly); and
diatomaceous silty clay. Diatom content increases down-
ward (to a maximum of 30%), and sand content de-
creases markedly below 438-5 (see Site Summary
Chart). Quartz and feldspar are the predominant sand
and silt-sized components (up to 75% of total sedi-
ment); up to 10 per cent heavy minerals (including horn-

28

blende, augite, magnetite), and about 10 per cent vol-
canic glass may also be present. Below 438-6, clay
minerals and diatoms comprise the bulk of the sediment
with a few interbedded sand and silt layers. Pebbles oc-
curring within Unit 1 consist of rounded pumice up to 7
cm in diameter, but usually 2 to 5 cm. Some rounded
black, aphanitic, well-indurated pebbles also occur and
are classified as graywacke and in some cases basalt.
These are typically smaller in diameter than the pumice
clasts.

Also abundant are ash layers, pockets, and mottles.
Most of the ash layers are composed almost entirely of
volcanic glass and contain only subordinate quartz,
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TABLE 2
Lithologic Units, Thickness, Age, and Description for Sites 438 and 439

Lithologic Core Depth
Hole Unit Numbers (m) Age Lithology
438 Unit 1 1to12 0.0-107.0 Upper Pliocene Diatomaceous sandy, silty clay and silt, pebbly (pumice and black

(107.0 m) through graywacke[?] ), dark gray, olive gray, and dark olive gray (5Y 4/2-

Pleistocene 3/2, 3/1); numerous ash layers.

438A Unit 1 1to4 0.0-51.5 Pleistocene Diatomaceous sandy, silty, pebbly clay, olive gray to dark olive gray

(51.5 m) (5Y 3/2-4/2) in part; numerous ash layers.

Unit 2 5 to 80 51.5-817.0

Sub-unit 2A 5 to 32 51.5-363.0 Lower Pliocene  Homogeneous to burrow-mottled (lower part) clayey diatom ooze,

(312.5 m) through upper diatom ooze, and diatomaceous clay (soft to firm), mostly olive

Pliocene gray (5Y 4/2) with dark and very dark gray intervals (5Y 3/2, 4/1)
and olive mottling in lower part (5Y 5/3); numerous ash horizons
(green-gray to gray), occasional pebbles (pumice), and siliceous
sponge remains.

Sub-unit 2B 33 to 56 363.0-593.0  Upper Miocene  Diatomaceous claystone, clayey diatomite (silicified), burrow-

(230.0 m) through lower mottled throughout, minor ash layers in upper portion. Most of

Pliocene (lower-  unit is olive gray, dark olive gray, gray to very dark gray. Sponge re-
most) mains occur only in upper part. Lower part of unit silicified. Rare
pebbles (pumice).

Sub-unit 2C 57 to 80 593.0-817.0 Middle Miocene  Mostly burrow-mottled claystone and diatomaceous claystone show-

(224.0 m) through lower ing dewatering structures and some microfaults. Thin calcareous

upper Miocene concretions and thin limestone beds common. Pebbles (pumice)
and ash horizons rare. Unit 2C is predominantly dark gray, gray,
and gray green (5Y 4/1-5/1, and 5GY 5/1-4/1).

Unit 3 80 to 86 817.0-878.0 + Lower Miocene  Sandy claystone and diatomaceous claystone, vitric in part. Clayey

(61.0 m) to lower middle  sandstone and siltstone alternates with claystone. Burrow-mottling

Miocene common, Colors mostly gray to dark gray and gray green (5YG
5/1-4/1 and 5GY 4/1).
439 Sub-unit 2B 1,2

Sub-unit 2C 3,4 Overlap with Site 438

(Continuous coring begins)

Unit 3 S5to 11 849.5-916.0 Lower to mid- Grayish olive green (5GY 3/2) and olive gray to dark olive gray (5Y

(766.5 m) dle Miocene 4/2-3/1) claystone and vitric claystone; intensely burrow-mottled
(5Y 6/4 and 5Y 4/3), concretionary limestone layers, infrequent
thin tuff layers, pumice clasts and fragments, microfaults and de-
watering veins, tension fractures, sharp transition to next unit
below,

(—hiatus—)

Unit 4 12 to 22-1 916.0-993.5 Lower Miocene  Interbedded turbidites and silty claystone, greenish black (5G 2/1,

(77.5 m) 5Y 4/1) to olive gray, Bouma sequences mostly as with a few ade
and acde; medium-grained to fine-grained sand, silt grading upward
to clay, sharp basal contacts, scoured; lithic wacke composition (mi-
crocrystalline quartz lithic fragments), some mollusc fragments. A
few tuff layers, mottled clayey siltstone at base — sharp transition
to next unit below.

Unit 5 22-2 to 993.5-1098.0 Oligocene Gray to olive gray (N5-5Y 4/1 and 2.5Y 4/0) massive sandstone and

(104.5 m) 32-1 siltstone moderately well sorted, friable, no sedimentary structures,
abundant molluscan debris and articulated pelecypods; sandstone
calcite-cemented in lowest part of unit. Wood chips, quartz, lithic
fragments (sands are lithic arenites) common.

Unit 6 32-2to 1098.0-1145.5 Oligocene(?) Boulder to pebble conglomerate and breccia, mostly mud-

(47.5 m) 37-1 supported, angular to subrounded clasts in clay-size matrix; boulder
and smaller clasts of dacite (blue-gray to greenish gray) and pdbbles
and granules of very dark gray silicified silty claystone (similar to
Unit 7). Boulders up to 65-cm diameter. Several individual con-
glomerate units. Basal 60 cm is olive gray (5Y 4/1) plastic clay
(firm).

(—hiatus—)
Unit 7 372 to 1145.5-1157.5 Cretaceous Dark to very dark gray (N4-N2) well-indurated, silicified claystone
39 and clayey siltstone with thin (< 1-cm) calcareous graded silt beds;

contorted into slump folds but some horizontal bedding.
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feldspar (some zoned), hornblende, and biotite. Ash
layers are up to 10 cm thick (average approximately 3
cm) and range in grain size from fine silt to medium
sand. Some are graded. Ash layers are generally dark
gray to light gray (N-9 to N-2, 5G 4/1).

Sand and silt beds are poorly sorted and lack sedi-
mentary structures. Only a few graded beds were noted.
Wood fragments were found within some of the clayey
sands.

Hole 438A

Lithostratigraphic Unit 1 (Cores 1-4, 0-51.5 m
sub-bottom, Pleistocene)

Silty to sandy clay, silt, and sand predominate.
Rounded pebbles of pumice and dark, aphanitic gray-
wacke(?) up to 7 cm in diameter occur isolated in the
muddy sediment. Typical colors are olive gray to dark
olive gray (5Y 4/2-3/2). The sediment is diatomaceous
(up to 25%) and in part vitric (5-15%). Glauconite is an
important constituent (5-21%) in some intervals of
438A-2, 438-3, and 438-4. Quartz and feldspar together
make up an average of 30 per cent of the sediment in
this unit. Heavy minerals (hornblende, augite) and
authigenic pyrite are minor constituents. Clay minerals
range from 25 to 50 per cent of the sediment.

As in Unit 1 of Hole 438, ash layers are common and
similar in thickness and composition. Sand and silt lay-
ers are usually poorly sorted and massive. The Unit 1/
Unit 2 boundary in 438A is placed at a rather sharp
lithological change — the disappearance of pebbles and
sand. Unit 1 in Hole 438 is thought to be lithologically
correlative with Unit 1 in Hole 438A, although in Hole
438 the pebbly sand, silt, and interbedded diatomaceous
clay seems to be thicker and to include slightly older
strata than the equivalent in Hole 438A. In Hole 438A
we did not core the interval from 51.5 to 106.5 meters;
rather than the clayey diatom ooze in Core 5, this inter-
val may contain the same pebbly, sandy silt and sandy,
silty, and diatomaceous clay. The interval was logged
through the drill pipe by the natural gamma-ray tool.
The log indicates an increase in amount of sand from 62
to 68 meters and sand and silt to 85 meters. However,
Unit 2 lithologic types occur in 438A-6, and therefore
the Unit 1/Unit 2 boundary has been drawn at the base
of Core 4 (51.5 m). The difference in thickness and
lithology in Unit 1 between Holes 438 and 438A may
represent local topographic control on sand distribution
during the late Pliocene and Pleistocene. Both holes are
located on the flank of a structurally controlled topo-
graphic high that probably prevented accumulation of
thick sequences of sand and silt during this time.

Lithostratigraphic Unit 2 (Cores 5-80, 51.5-817.0 m
sub-bottom, middle Miocene through upper Pliocene)

This unit consists primarily of clayey diatom ooze-
diatomite and diatomaceous clay-claystone of olive
gray to gray color (5Y 4/2, 3/2-4/1, 3/1). It has been
divided into three sub-units mainly on the basis of
degree of lithification and changes in lithic character.
The transition to claystone and initial signs of silica
diagenesis mark the Sub-unit 2A/2B boundary. Slight
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color change, increased carbonate content (as thin beds
and nodules of calcareous limestone-chalk), and initial
occurrence of dewatering structures (dark anastomosing
veins) mark the transition from Unit 2B to 2C.

Sub-unit 24 (Cores 5-32, 51.5-363.0 m sub-bottom,
lower Pliocene to upper Pliocene) contains mostly
homogeneous clayey diatom ooze and diatomaceous
clay that is olive gray (5Y 4/2) with some dark to very
dark gray intervals (5Y 3/2, 4/1). Olive (5Y 5/3) burrow
mottling becomes more prominent in this sub-unit below
438A-17 (210 m). The remains of small siliceous sponges
(2-3 mm white radial spicule concentrations with pyritic
centers) are typical below 438A-8 and become very com-
mon in the lower part of Sub-unit 2A. Sponge spicules
are also an important (but usually <10%) component
of the sediment.

Volcanic ash layers (predominantly glass) are abun-
dant throughout Sub-unit 2A, especially above Core
438A-24. These ash layers are typically silt-sized, thin
(1-5 cm, average 2 cm), and in places graded. Ash-rich
mottles occur commonly. These may either be lapilli or
the result of bioturbation and disruption of ash layers.
However, most ash horizons seem undisturbed.

Small, rounded pumice pebbles occur rarely in Sub-
unit 2A. They are supported by the fine-grained diato-
maceous clay matrix. Because most of this sub-unit is
pre-Pleistocene, these pebbles may have floated on the
sea surface and been transported by currents to the site
before sinking to the bottom. There is no evidence for
redeposition in the form of mud turbidites or debris
flows.

Diatoms are very abundant (averaging over 40%) in
the lower part of Sub-unit 2A (Cores 438A-24-438A-32,
lower Pliocene) and in the upper part (Cores 438A-5-
438A-17) but average 20 to 25 per cent from 438A-18 to
438A-24. The clay mineral component increases at the
expense of diatoms. No evidence exists for a change in
sedimentation rate within Sub-unit 2A, and the varia-
tion in diatom content might therefore be due to varying
preservation and silica diagenesis. However, no increase
in cementation was noted in 438A-18 to 438A-24, where
diatom percentages drop. Thus increased influx of clay
minerals is suggested. Sedimentation rates derived from
biostratigraphic studies indicate rates of 110 m/m.y. or
more. These rates are the highest for any lithostrati-
graphic interval in Sites 438 or 439, except for a rate of
145 m/m.y. in the upper Pliocene section of Hole 438.

Quartz, feldspar, heavy minerals, and pyrite are pres-
ent in very small amounts throughout Sub-unit 2A. Vol-
canic glass averages about 2 per cent in 438A-6 to
438A-16 and increases to slightly higher values in
438A-17 to 438A-24, becoming less abundant again
from 438A-24 to 438A-32. Carbonate is essentially ab-
sent throughout.

Progressive induration downhole is evident in Sub-
unit 2A. Diatomaceous clay and clayey diatom ooze is
soft and easily deformed in core cutting and drilling in
the upper two-thirds of the sub-unit but increasingly
firm at the base.

Sub-unit 2B (Cores 438A-33-438A-56, 363.0-593.0
m sub-bottom, upper Miocene through lower lower Pli-



ocene) has a rather gradational visual boundary with
Sub-unit 2A and is defined mainly on the basis of an in-
crease in lithification. It coincides with a change from
uniform to variable geophysical log character and a
strong reflection in the seismic records, as well as with
an increase in bulk density. The basic lithology differs
little from that of Sub-unit 2A. Cores 438A-33 to
438A-44 are considered transitional in the diagenetic
scheme of predominantly compaction processes to pre-
dominantly silica dissolution-cementation. The first
olive gray to dark olive gray and gray to very dark gray
(5Y 4/2,4/1,5/1, 3/2, 3/1) clayey diatomite and diato-
maceous claystone occur (conventionally, the first core
cut by saw) in 438A-39. Above that (438A-33-438A-39)
alternating more- and less-indurated zones within the
ooze and clay made cutting difficult and caused differ-
ential deformation of soft versus hard layers. The first
noticeably silicified diatomaceous claystone occurs in
438A-48, and this lithologic type continues to the base
of Sub-unit 2B.

Diatom content decreases markedly from a 35 per
cent average at the top of Sub-unit 2B to between 10 per
cent and 20 per cent in the lower part (below 438A-44).
Preservation of diatoms decreases from good to moder-
ate and poor below Core 438A-13 (Barron, this vol-
ume). This is the interval in which microcrystalline
quartz and clay aggregates were noted. It is also notable
that no volcanic ash layers are found below 438 A-46, al-
though a few occur (on the average of 1 per core) in
438A-33 to 438A-46. Background volcanic glass content
also seems to decrease from 438A-43 to 438A-57. (Site
Summary Chart). Thus, dissolution of opaline silica and
reprecipitation as microcrystalline silica polymorphs
may be an important process accounting for increased
lithification within much of Sub-unit 2B. The abundant
sponge skeletons higher up (within Sub-unit 2A) are less
abundant at the top of Sub-unit 2B and disappear alto-
gether below 438A-47. However, sponge spicules seem
to increase (Site Summary Chart); this may be an effect
of relative dissolution of diatom tests, leaving sponge
spicules as a refractory element. The sedimentation-rate
curve shows a pronounced inflection (Figure 12) at least
438A-44, some of which could be due to compaction-
cementation as well as to reduced sedimentation. How-
ever, lijima and Matsumoto (this volume) in their
samples did not find evidence for significant silica dia-
genesis above Core 438A-80.

Burrow mottling is pronounced throughout Sub-unit
2B. This is especially obvious below Core 438A-39; we
sliced open all cores below this level with a diamond
saw, thus enhancing the visibility of sedimentary struc-
tures. Rare rounded pumice pebbles, less than 0.5 cm in
diameter were also noted. Several limey concretions (in
places associated with volcanic ash) occur (e.g., 438A-
33, 35), and there are a few thin silty or sandy layers
(e.g., 438A-35, 42).

Sub-unit 2C (Cores 4384, 57-80, 593.0-8.17.0 m sub-
bottom, middle Miocene through lower upper Miocene)
shows more variation than the homogeneous upper 442
meters of Lithostratigraphic Unit 2. In addition to dark
gray, gray, and gray green (5Y 4/1-5/1, 5GY 5/1, 4/1,
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and 5G 4/1), highly burrow-mottled diatomaceous
claystone and claystone, there are numerous nodular
or thin-bedded well-cemented clayey limestone and
calcareous claystone intervals. These calcareous inter-
vals are generally less than 10 cm thick but seem to show
up well on the sonic and neutron bulk-density logs as
spikes. The carbonates consist primarily of nonbiogenic
replacement carbonate minerals and cement, associated
with clay, diatoms, and some volcanic components (see
Moore, and Gieskes, this volume). Dewatering veins
(see Arthur et al., this volume) are typically associated
with these limestone intervals; they occur below and less
commonly above them but are not restricted to these
areas. This association suggests that the calcareous in-
tervals may have intitially been more porous and acted
as conduits for dewatering of the clay during compac-
tion. The intervals were then gradually replaced and
cemented by carbonate from the interstitial waters cours-
ing through them. Some may once have been porous
volcanic ash layers (now altered), because farther
uphole carbonate concretions are associated with ash
layers. This association has been noted in other North
Pacific DSDP sites by Hein et al. (1978). Some dewater-
ing veins may have later acted as microfaults because of
differential compaction between clay and initially more
porous carbonate layers (e.g., 438A-79) and concentra-
tion of stresses along the lubricated vertical fractures
and veins.

A few volcanic ash layers, minor sand layers, and
rare, rounded pumice pebbles are also noted in Sub-unit
2C. Quartz, feldspar, heavy minerals, and pyrite are
very minor mineralogic phases. Volcanic glass averages
5 per cent and increases to 10 per cent, 438A-74 and
438A-80 (Site Summary Chart, back pocket). Clay min-
erals are the major mineral phase throughout the unit.
Less than 20 per cent of the sediment is diatoms. Car-
bonate seems generally confined to thin layers or beds,
which supports the idea of redistribution and concentra-
tion of diagenetic carbonate in originally more porous
(vitric?) intervals.

Holes 438A, 438B, 439

Lithostratigraphic Unit 3 (Cores 438A4-80-438A-86,
438B-4-438B-16, 439-5-439-11; 817.0-878.0 m,
853.3-975.7 m, 849.5-916 m sub-bottom; lower
Miocene through lower middle Miocene)

(Note: Core 438B-5 corresponds to 438A-83 or
438A-84 biostratigraphically.)

The top of Unit 3 begins at a rather abrupt transition
from claystone and diatomaceous claystone to vitric
sandy claystone, vitric diatomaceous claystone, and
some sandstone-siltstone beds. This occurs somewhere
between the end of recovery in 438A-80 and 438A-81
and has been placed at 817 meters sub-bottom based on
the downhole logs. In Cores 438A-82 through 438A-85
the volcanic glass component increases sharply (a trend
possibly begun in 438A-76), diatoms decrease and quartz
and feldspar remain about the same. Clay minerals rank
high at over 60 per cent of the sediment; silt and sand
grains are composed primarily of pumice and volcanic
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glass (a fact reflected less in smear slides but obvious in
coarse-fraction study). However, below this initial in-
crease in the volcanic component as sand and silt, the
lithology again becomes predominantly grayish olive
green (5GY 3/2) to olive green (5Y 4/2) claystone and
diatomaceous claystone with an average of only about
10 per cent volcanic glass. The unit is intensely burrowed
throughout, and burrow mottles are dusky yellow green
(10GY 3/2) to olive (5Y 5/2).

Microfaults, dewatering veins (?), and healed frac-
tures are abundant. Fracturing and microbrecciation are
particularly intense from 438B-11 to the base of Hole
438B. Most fracture or fault surfaces have been healed
since original deformation, but in some places drilling
appears to have rebrecciated cores along preexisting
fracture surfaces. Offset along microfaults may amount
to over 3 cm with both normal and reversed senses. As
in Lithostratigraphic Unit 4, fracturing and intense
brecciation seem to occur in an interval which is marked
by faulting as interpreted on the JPDC multichannel
seismic line (see Geophysics). No significant faulting
was observed in cores above about 700 meters (438A-
68).

Rare thin tuff layers also occur within Unit 3. Thus it
appears that volcanism was active on the Japan main-
land during the early to early middle Miocene. The lack
of an ash record suggests inactivity for most of the mid-
dle Miocene to the early late Miocene. However, this
could also be due either to dispersion of the layers of
bioturbation or, with less likelihood, to diagenetic
alteration.

Core 438B-9 also contains poorly sorted, silty to
sandy, vitric (including pumiceous) claystone or clayey
sandstone, and siltstone. Woody plant fragments were
also identified.

The lower part of Unit 3 is more similar to Unit 2
than to the upper part of Unit 3 in Holes 438A and
438B. Cores 438B-11 through 438B-16 are composed
predominantly of olive gray (5Y 4/2) diatomaceous
claystone and vitric claystone (diatom content decreases
steadily, disappearing completely by Core 438B-17),
which are fairly homogeneous and intensely micro-
faulted and brecciated. The sediment of the lower part
of Unit 3 is, in fact, very similar to that of Unit 2.
Quartz and feldspar increase toward the base of Unit 3.

At Site 439 this unit consists mostly of homogeneous
to intensely burrow-mottled olive gray (5Y 4/2), dark
olive gray (5Y 3/1-3/2), and grayish olive green (5G
3/2) claystone. Burrows range from dusky yellow (5Y
6/4) in the upper part of the unit to olive gray (5Y 4/3)
in the lower part. Pumice, volcanic glass, and glauconite
sand grains occur as concentrations in various portions
of the unit. Quartz, feldspar, heavy minerals, and pyrite
are persistent but minor components throughout, except
near the base where quartz and feldspar contents, as
well as that of sand- and silt-size detritus, abruptly in-
crease. Clay minerals are the predominant component
throughout the unit, averaging over 60 per cent.

Several limestone beds or concretions are present
(e.g., 439-5-1) but not abundant. Tuff layers, some
graded, ranging from 0.3 to 3.0 cm and ash pockets and
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mottles commonly occur (e.g., 439-7 and 439-8). Pum-
ice fragments and pebbles up to 3 cm in diameter are
common.

Dewatering veins, tension fractures (often sigmoidal),
subhorizontal shear zones, and microfaults with both
normal and reversed offsets occur throughout Unit 3.
These attest either to synsedimentary deformation or to
postdepositional, local deformation possibly related to
larger faults cutting through the section at this depth.

As defined, Unit 3 has a sharp contact with Unit 4
below. A 140-cm-thick pumiceous glauconitic silty sand-
stone occurs just above the base. Associated with this
sandstone are limestone concretions just below near the
contact between Units 3 and 4. No obvious unconformi-
ty lies at this lithologic contact but at least 100 meters of
section found at Hole 438B were missing. At all sites,
Unit 3 seems to represent primarily hemipelagic sedi-
ment deposited during a volcanic episode in the nearby
Tohoku arc.

Lithostratigraphic Unit 4 (Cores 438B-17-438-24,
975.5-1040.7 m sub-bottom, lower Miocene; Cores
439-12-439-22-1, 916.0-993.5 m sub-bottom, lower
Miocene)

The lowest lithotype encountered at Site 438 (Hole
438B) is black (SY2/1) to very dark gray (5Y 3/1) clayey
siltstone. The siltstone is thick, predominantly massive,
moderately to slightly bioturbated, and highly fractured
(breaks with hackly fracture, with a basal parting in
places; slickensides along some fracture surfaces). This
unit is nearly barren of microfossils, although occa-
sional molds of benthic foraminifers are noted in hand-
lens examination.

Orientation of a few better-sorted silty or sandy
laminae and lenses suggests structural dips up to 10°.
However, these dips could be due to a crude cross-
bedding. Very few sedimentary structures diagnostic of
mode of transport (graded bedding, cross-bedding) are
visible; this is probably partly due to the highly frac-
tured nature of the siltstone. Physical properties mea-
surements show a pronounced increase in density and
seismic velocity from Unit 3 to Unit 4 (see Physical Pro-
perties). Quartz (20 to 50%), glauconite (up to 15%),
and feldspar (10%) are the predominant minerals.
Volcanic glass averages about 5 per cent, and clay
minerals and microcrystalline quartz cement make up 35
to 70 per cent of the rock.

Wood fragments, abundant detrital minerals, and
reworked Cretaceous radiolarians suggest erosion of
““basement’’ outcrops and subsequent transport to the
site. The base of this unit was not penetrated at Site
438B but was cored in its entirety at Site 439.

At Site 439 interbedded greenish black to olive gray
(5G 2/1, 5Y 4/1) graded sandstone and siltstone beds
and silty claystone characterize Unit 4. The top of the
unit is marked by a 185-cm-thick homogeneous graded
siltstone (Bouma T,.). Most other graded sequences,
here interpreted as fine-grained turbidites, range from
10 to 80 cm in thickness. The basal contacts of each tur-
bidite bed with underlying fine, silty claystone are usual-
ly sharp and irregular or scoured. Fine- to medium-



grained sand and silt are typical for the basal sediment,
grading upward to claystone or at times clayey siltstone.
Sequences are usually Bouma T, or Tg., but some T,pcqe
and Tyeqe Or Tyqe were noted. These sequences appear to
become finer grained and slightly thinner toward the top
of the unit, although no distinct trend exists.

The sandstone and siltstone are compositionally lithic
wackes to lithic arenites and quartz wackes; quartz,
feldspar, microcrystalline quartz-clay-lithic fragments,
and some clay are the predominant components. Vol-
canic glass is also common. Heavy minerals, glauconite,
carbonate minerals, diatoms, and sponge spicules are
minor components. Diatoms and sponge spicules disap-
pear near the base of Unit 4. Molluscan fragments occur
rarely in the siltstone and claystone, and organic matter
and large woody plant fragments are common to abun-
dant in both the sandstone and claystone.

Faults with slickensided surfaces are common, and
dewatering structures are less so than in shallower clay-
stone units. Bioturbation occurs in the upper part of
many graded sequences.

The components of turbidite sandstone beds of Unit
4 are nearly identical to those of the massive sandstone
of Unit 5 below. An unconformity may separate the two
units, but biostratigraphic information that might in-
dicate a hiatus is sparse. Unit 4 is early Miocene, where-
as Unit 5 is (probably late) Oligocene. Benthic foramini-
fers indicate a depositional setting in the upper middle
bathyal realm (500-1500 m) for the turbidite sequence,
whereas Unit 5 was probably deposited in water between
500 and 150 meters deep (see Foraminifers in site report
and Keller, this volume). The same source is proposed
for the sand of the two units.

Lithostratigraphic Unit 5 (Cores 439-2-2 to 439-32-1,
993.5-1098.0 m sub-bottom, upper Oligocene)

Unit 5 consists of extremely homogeneous or massive
moderately well-sorted sandstone and siltstone that is
medium to light gray and olive gray (N-5-N-3, 5Y 4/1,
2.5Y 4/0). Sedimentary structures are extremely rare in
this unit of nearly 105 meters thickness. Characteristic
are articulated pelecypods, well-preserved gastropods
(Turitella), and numerous fragments of various mol-
lusks. None of the articulated pelecypods were noted to
be in growth position. Shell fragments are commonly
aligned and imbricated in steeply dipping (up to 60 °)
sets, but no cross-lamination was noticeable in the sedi-
ment. The sandstone and siltstone are moderately to
well-indurated to somewhat friable. There is calcite ce-
ment only near the contact with Unit 6, although articu-
lated pelecypods commonly have calcite-cemented sand
fillings elsewhere in the unit. Fractures and faults of
small normal displacement (3 cm) occur in a few places.

The fine- to medium-grained sand and silt are com-
posed mostly of quartz, feldspar, and lithic fragments.
Lithic fragments are microcrystalline quartz and quartz-
clay aggregates, which may have been derived from the
dark gray silicified claystone of Unit 7. Up to 5 per cent
volcanic glass, heavy minerals, pyrite, and carbonate
occur in the sand-silt size range, and clay minerals com-
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pose up to 20 per cent of the rock. The sandstone is clas-
sified as a lithic arenite to lithic wacke.

Some variability in bedding comes near the base of
Unit 5. Calcite-cemented intervals and gravelly coarse
sandstone occur together with a few pebbles (dacite-
aphanitic igneous rock). The dip of bedding near the
base is about 10°, but bit deviation was also about 10°.
A sharp transition occurs to the conglomerate of Unit 6
below.

Lithostratigraphic Unit 6 (Cores 439-32-2-439-37-1,
1098.0-1145.5 m sub-bottom, upper Oligocene)

The conglomerate and breccia of Unit 6 is 47.5
meters thick and contains angular to subrounded clasts
from granule to boulder size (maximum 65-cm dia-
meter) set in a sandy clay to clay matrix. The con-
glomerate beds are poorly sorted, moderately in-
durated, and have an overall medium to dark gray (N2
to N4) color. Clasts consist almost totally of light bluish
gray to gray green (5B 7/1-5/1, 5G 6/1-3/2) intermedi-
ate to acidic volcanic rocks (mostly dacite) and dark
gray to black (N3 to N1) silicified claystone and silty
claystone. The claystone clasts have a maximum 5-cm
diameter and average less than 1 cm. These claystone
clasts are identical to the basal lithology (Unit 7) drilled
at Site 439. Reworked Cretaceous radiolarians are also
present in Unit 6. The boulders of volcanic rock (bluish
to greenish gray, fine- to coarse-grained, porphyritic)
must have had a local source as well, although we re-
covered no igneous material other than the boulders.
Radiometric ages obtained by using the Ar*/Ar%
method are 23.4+5.5 Ma (see Moore and Dalrymple,
this volume) amd 22.2+0.7, 22.5+1.3 and 22.8+1.5
Ma. (Yanagisawa et al, this volume). Only a few exotic
clasts (e.g., tan cherty mudstone, green talc) are present.
Most of the interbedded coarser and fine conglomerate
clasts and more minor breccia clasts are matrix-
supported. Drilling deformation and recovery limit in-
terpretation of bed thickness or sedimentation units.

The boulder conglomerate unit is devoid of indige-
nous marine fossils. The coarse boulder size, angularity
of many clasts, and the uniform clast lithology suggest a
local source. The lack of marine fauna and the position
of Unit 6 in the overall depositional sequence suggest a
nonmarine environment for its deposition. Unit 6 over-
lies the dark gray silicified, silty claystone of Unit 7, which
is of Cretaceous age. A major unconformity lies between
the two units, and sub-basinal erosion is suggested by
the presence of reworked Cretaceous pollen and radio-
larians (Sato, this volume; Reynolds, this volume). A
gray (5Y 4/1) 65-cm-thick firm but sticky or plastic clay
lies between the two units. This stratum may be a paleo-
sol, but this interpretation is difficult to prove.

Volcanic Rocks in Unit 6. The boulders reach a max-
imum size of about 70 cm and are somewhat rounded in
shape. The grain size of individual boulders varies from
fine-grained to rather coarse-grained. These volcanic
rocks are andesitic to rhyolitic in composition.

In hand specimen, slightly altered plagioclase pheno-
crysts are scattered randomly in an altered fine-grained,

33



SITES 438 AND 439

firm groundmass. No definite flow structures or dike
structures are observed. Small amounts of mafic miner-
als, pale green to dark green hornblende, and rare bio-
tite are also observed; they are slightly to completely
altered to secondary clay minerals. Thin section ex-
amination shows that the color index of voleanic rocks
is quite low. The amount of mafic minerals ranges from
7 to 14 per cent. The amount of modal plagioclase is ex-
tremely high and is greater than that of alkali feldspar.
The texture of the volcanic rocks is always porphyritic,
intersertal, intergranular, and rarely subophitic. There-
fore these volcanic rocks can be classified as andesite,
dacite, and rhyolite (see Fujioka, this volume).

Plagioclase phenocrysts, nearly euhedral and up to 3
mm in size, sometimes show very strong chemical zon-
ing. Rather compositionally homogeneous broad calcic
cores are surrounded by narrow, normally zoned rims.
In some rocks, plagioclase phenocrysts include various
sizes and shapes of blebs, thought originally to be glass,
which are now completely devitrified and replaced by
small aggregates of smectite-group clay minerals. The
estimated chemical composition of phenocryst plagio-
clase (optical determination) is around Ang, in andesitic
rocks. However, that of the groundmass is less calcic
and less zoned than the phenocrysts. Groundmass plag-
ioclase occurs as small laths with intersertal, hyalophitic
to intergranular texture and always has small amounts
(10%) of interstitial glass now devitrified and otherwise
altered in various degrees. For example, if the inter-
stitial glass has been transformed into small aggregates
of brownish green smectite-group clay minerals, it will
appear green in hand specimen. Phenocryst alkali feld-
spar shows intense perthitic lamellae texture in all sam-
ples examined.

Phenocrysts of mafic minerals, hornblende, and bio-
tite range from 2 to 14 per cent in mode and are almost
totally replaced by small aggregates of secondary min-
erals such as spherulitic dark green chlorite and smec-
tites. The original grain size of these phenocrysts is up to
2 mm and sometimes shows euhedral tabular shape and,
rarely, anhedral round shape. Rarely, the hornblende
crystals are partly replaced along their rims whereas the
core of the crystal remains unaltered; these cores show
pale brownish green, weak pleochroism indicating slight-
ly low temperature crystallization process. Very small
amounts of (less than 5%) very fine-grained opaque min-
erals (magnetite and ilmenite) are scattered in the ground-
mass. These volcanic rocks may belong to an iron-de-
pleted trend that is the calc-alkali rock series.

Lithostratigraphic Unit 7 (Cores 439-37-2-439-39,
1145.5-1157.5 sub-bottom, Late (?) Cretaceous

Only 12.5 meters of this dark to very dark gray
(N2-N4) silicified claystone and interbedded thin,
graded, calcareous clayey siltstone were penetrated.
Unit 7 is thought to represent local acoustic basement
below an unconformity that marks a long hiatus (Late
Cretaceous to latest Oligocene). The less than 1-cm-
thick siltstone interbeds are faintly graded and have
fairly sharp basal contacts. Most of the unit is contorted
into broad folds, interpreted as having resulted from
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synsedimentary slumping, but horizontal bedding does
occur (e.g., 439-38-1). The unit is fractured, and slick-
ensides appear on many fracture surfaces.

The siltstone layers contain quartz, feldspar, clay,
and carbonate minterals in varying proportions. A
sparse foraminiferal fauna is present.

Interpretation of Sediment Lithofacies, Sedimentation
History, and Regional Implications

Regional Geology

The distribution of Tertiary basins in Japan and its
offshore vicinity is illustrated in Figure 4. The offshore
part of the map is based on single and multichannel seis-
mic data, aeromagnetic surveys, and core and dredge
samples. Three Tertiary sedimentary basins aligned in a
trough have been recognized along the western deep sea
terrace of the Japan Trench. From north to south these
are the Ishikari-Hidaka, the Kitikami, and the Joban
basins (Ishiwade and Ogawa, 1976).

The Kitikami basin, in the center, contains sediment
less than 2 km thick, whereas near the ends the other
two basins contain sediment up to 5 km thick. The
Joban and Kitakami basins are elongate with axes trend-
ing slightly east of north, subparallel to the local Japan
Trench. The Ishikari-Hidaka basin axis trends north-
northwest toward Hokkaido.

Sites 438 and 439 are located at the southern end of
the Hidaka basin. Sedimentary thicknesses are from 1 to
2 km at this point in the basin. The basin trend con-
tinues north-northwest across the western part of Hok-
kaido Island, as shown in Figure 4, where its sedimen-
tary thickness increases to 3 to 5 m. Ishiwada and
Ogawa (1976) suggest that the basin was formed by sub-
sidence of the Paleozoic basement in the fore-arc area
and that the Mesozoic and Cenozoic strata overlying
this basement are little deformed. They also entertain
the idea that imbricated accretionary materials associ-
ated with processes of subduction may floor the inner
slope of the trench seaward of Sites 438 and 439.

A relatively complete Neogene section was recovered
at Sites 438 and 439.

Acoustic basement was reached at Site 439 after fail-
ure to do so at Site 438, and with recovery came sur-
prises. The sequence of sediment and fauna in lithologic
Units 5 through 7 are all consistent with the interpreta-
tion that the area of the deep sea terrace was emergent
during the Paleogene and subsided below sea level by
the late Oligocene to the early Miocene. A second sur-
prise is the occurrence of intermediate to acidic volcanic
rocks in Unit 6 so near to the trench inner slope. That
continental-type rocks might floor the deep sea terrace
to the terrace edge has been proposed by several workers
(Ishiwada and Ogawa, 1976; Honza et al., 1977). How-
ever, because global plate studies imply that as much as
1500 km of oceanic crust was subducted since the Mio-
cene, it is difficult to imagine that the imbricate wedge
(in the sense of Seely et al., 1974) did not extend farther
landward from the trench (proposed as an alternative by
Ishiwada and Ogawa, 1976) under the nearly flat-lying
Neogene sediment of the inner slope trench and deep sea
terraces.
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A Soya-Abashiri basin
B Tokachi basin

C Ishikari-Hidaka basin
D Kitakami basin

E Joban basin
F Tushima basin
G Oki basin

| Tenpoku basin

H Akita-Yamagata and Niigata basins

Figure 4. Distribution of Neogene basins off northern Honshu (modified after Ishi-

wada and Ogawa, 1976).

Depositional Environments and Sedimentary Evolution

The sedimentary units in Sites 438 and 439 may be in-
terpreted as demonstrating subaerial exposure and ero-
sion some time after deposition of Unit 7 (Cretaceous),
followed in sequence by deposition of 1) nonmarine
boulder conglomerate beds (Unit 6); 2) massive shallow
water mollusk-bearing sands, possibly in a shelf envi-
ronment (Unit 5); 3) rapid transition to deep-water
(500-1500 m) turbidites and claystone (Unit 4); 4) diato-
maceous clayey sediment (Units 3 through 1). The tran-
sition from shallow- to deep-water deposition probably
occurred during latest Oligocene-early Miocene (see sec-
tion on Foraminifera). Sedimentation probably con-
tinued in water depths of 1500-2000 meters in the post-
early Miocene.

The stratigraphically lowest rocks recovered at Site
439 are Cretaceous. These sedimentary rocks, which
correspond to the highly diffractive acoustic basement,
are designated Unit 7. This unit consists of black, hard,
fractured, silicified claystone with thin, calcareous quartz-
ose siltstone interbeds, some of which are graded. Bed-
ding is commonly contorted in what has been interpret-
ed as a fine-grained turbidite sequence. Only 12.5 me-
ters of this unit were penetrated, but the broad extent of
the unit is demonstrated by the many fragments of it in
cores from overlying beds at Sites 438 and 439. An un-
conformity occurs at the top of Unit 7, and boulder to
pebble conglomerate and breccia of Unit 6 overlie it; the
two units are separated by a 60-cm interval of plastic

clay. Angular to subrounded clasts of Unit 7 lithologies
occur in the conglomerate breccia beds, and on the basis
of this and the disparity of age between Unit 7 and Unit
6, we conclude that the unconformity is an erosional
one. Age-diagnostic fossils were not recovered from
Unit 6, but it directly underlies sediment from the latest
Oligocene.

Unit 6 contains pebbles, cobbles, and boulders of two
basic lithologies: black claystone and silty claystone
very similar to Unit 7 rocks and highly altered greenish
gray to blue-gray porphyritic, dacitic (intermediate to
acidic) igneous rocks. In addition, some light-colored
rhyolitic-tuff fragments were also noted as clasts.
Dacites are igneous rocks commonly associated with
island arc magmatism. The dacite boulders and cobbles
are somewhat rounded and up to 70 cm in diameter, but
many smaller clasts are angular to subangular. The
angular nature of many clasts and the large size of the
boulders preclude long-distance transport. The pre-
dominance of dacite clasts is also suggestive of local
derivation. Phenocrysts in the igneous rocks are abun-
dant, fairly large (up to 3 mm), and are set in a felted
microcrystalline groundmass (in the dacite). All pheno-
crysts are randomly oriented and lack flow texture.
These igneous clasts may have derived from flows inter-
bedded in a sedimentary sequence or be hypabyssal dike
rocks or other shallow intrusives. A few clasts of ex-
trusive rhyolite tuff are present. The dacites have been
radiometrically dated between about 22.2 and 23.4 Ma
(Moore and Dalrymple; Yanagisawa et al., both this
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volume). This indicated cooling age is almost coeval
with that of the sediment overlying the conglomerate in
which the igneous boulders occur. The weathered char-
acter of some surfaces and the indication of transport
raise the possibility of a former subaerial environment.
The erosion of at least Unit 7 and possibly later depos-
ited rocks (Cretaceous-Paleogene), the inclusion of
clasts of Unit 7 rocks in Unit 6, and the lack of marine
fossils in Unit 6 all suggest subaerial exposure. In addi-
tion, Sample 439-37-1, 70-135 cm, is an interval of
poorly indurated, very plastic clay containing a few
lithic fragments which overlies Unit 7 black claystone;
this sample may be a soil or weathering horizon above
the erosional unconformity.

A rather abrupt lithologic transition occurs near the
Oligocene/Miocene boundary. About 105 meters of
massive olive gray to dark gray sandstone and siltstone
bearing numerous shallow water mollusks and upper
bathyal foraminifers (150-500 depth) overlie conglom-
eratic (Unit 6). Unit 5, which consists of friable clastic
rocks, seems to indicate deposition near a shallow-
water, high-energy environment. Gastropods and artic-
ulated pelecypods occur oriented randomly in the sand-
silt matrix. The sediment is moderately well sorted and
exhibits almost no sedimentary structures. Bedding indi-
cators such as lamination or oriented fossils are rare,
but those that exist suggest at some levels rather steep
dips (up to 60) and at other near horizontal (near the
base). The dips may be due either to steep cross-bedding
or to postdepositional slumping and deformation. None
of the molluscan shells, which are thin and delicate,
were observed in growth position, but since many re-
main articulated, they may have lived as part of an in-
fauna and been little reworked. An alternate hypothesis
is that this sand may represent a massive density or grain
flow deposited in deeper water at the base of a slope.
This hypothesis still requires a local shallowly submerged
shelf. The composition of the sand and silt in Unit 5
(typically lithic arenite to lithic wacke) could indicate re-
working of the detritus from dacitic igneous rocks and
the black, silicified silty claystone of Units 6 and 7.
Quartz, feldspar, and fine-grained rock fragments (mi-
crocrystalline quartz-clay mixtures) predominate.

Unit 5 passes rapidly into an early Miocene age deep-
water interbedded turbidite-claystone sequence (Unit
4). The depth is inferred from the predominance of ben-
thonic foraminifers that indicate an upper middle
bathyal depth (500-1500 m) and from the rather fine-
grained nature of the turbidite sequence. The turbidite
sequence shows a trend toward more ‘‘distal,”’ finer-
grained, and thinner individual turbidites upward, sug-
gesting continued subsidence of the source area, increas-
ing distance from the source, or migration of the active
lobes of a submarine fan away from the site. The com-
position of the sand and silt fraction in Unit 4 is similar
to that of the sand and silt in Unit 5; the same source
region is suggested for both units. Unit 4 at Site 439 is
about 86 meters thick and is age-equivalent and general-
ly lithologically equivalent to Unit 4 at Site 438, except
that there are almost no graded sequences (although the
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lower portion of Unit 4 was not penetrated at Site 438).
Thus it appears that this phase of the evolution of the
outer deep sea terrace represents the continued subsid-
ence of the once greatly exposed landmass. Sediment
from the eroded, subaerially exposed sedimentary ‘‘outer
arc’’ was probably shed to the area of the sites at least
through the early Miocene.

The sedimentary sequence of middle Miocene
through Pleistocene (Units 3 through 1) at Sites 438 and
439 has little coarse terrigenous clastic material, espe-
cially considering the position of the sites on the outer
deep sea terrace only 170 km seaward of a tectonically
active island arc. Whereas many coastal Neogene strati-
graphic sections of Japan are typified by thick turbidite
sequences through most of middle Miocene through
Pleistocene (Ishiwada and Ogawa, 1976; Ingle, 1975;
Ujiie, Saito et al., 1977), the location of Sites 438 and
439 seems to have been isolated from that flood of ter-
rigenous detritus. Many basins on the Pacific side of the
Tohoku arc seem to have thick Plio-Pleistocene marine-
clastic deposits, but even the sequence of pebbly silt and
sand in the upper Pliocene-Pleistocene at Site 438 is rel-
atively thin and of local extent. The deep sea terrace is
characterized by tectonically controlled canyons and
ridges which probably resulted from a Pleistocene de-
formational episode (Honza et al., 1977). It is likely that
the position of Sites 438 and 439 on the seaward flank of
one of the local topographic noses or domes (Figure 2)
has isolated them from much of the Plio-Pleistocene
clastic material from the Tohoku arc. It is also possible
that some structures have existed since at least the early
Miocene, because reflectors representing Units 2 and 3
in the sedimentary sequence at Site 438 progressively
pinch out against and over the structural and topo-
graphic high to the west on JNOC-1 (Figure 17A).
Therefore this high may have afforded a barrier against
much of the clastic influx to the outer slope in the vicini-
ty of Site 438 since the Miocene. Alternatively, the sites
may have been high enough on the flank of the high to
have been above the level of coarse-sediment influx and
deposition. Another factor may be the broad terrace be-
tween the active island arc and the sites. Much coarse
sediment is probably trapped in interior shelf basins and
never reaches the outer terrace or slope. In addition,
much of the present drainage from the mountainous re-
gions dumps westward into the Japan Sea rather than
into the fore-arc basin off northern Honshu.

Rates of deposition of Miocene and Pliocene clay and
clayey diatom ooze ranged from about 40 to 120
m/m.y. Maximum rates of sedimentation of diatoms
occurred during the Pliocene, averaging nearly 50 per
cent of the total sediment. Clay minerals were an impor-
tant component throughout the Neogene section; the
relative proportion of clay was greatest during the
Miocene and again in the late Pliocene. The finer ter-
rigenous fraction might have reached the site via wind
transport, sedimentation from the nepheloid layer, and
by turbid layer traansport. The rate of influx was quite
high. Volcanic ash also contributed to the relatively high
sedimentation rate. The lower Miocene and Plio-Pleis-



tocene volcanic phases on the Tohoku arc are best
represented in the sequence at Site 438 as disseminated
glass and ash horizons.

The bottom waters were apparently oxygenated
throughout deposition of most of the diatomaceous se-
quence, as evidenced by intense bioturbation of the sedi-
ment (burrow-mottling, with the exception of upper
Pliocene-Pleistocene of 438A-1 to 438A-16), a fauna of
benthonic foraminifera, and numerous siliceous sponges
(observed in upper Miocene through Pliocene sediment).
Although middle Miocene diatomaceous muds and oozes
which were anoxic or near-anoxic during that time were
deposited in a number of basins in the northwest and
northeast Pacific, no fine lamination or lack of burrow-
ing, which might indicate anoxic bottom conditions,
was noted here. However, the rapidly deposited hemipe-
lagic sediment at Site 438 must have become anaerobic
below the sediment/water interface soon after deposi-
tion owing to bacterial oxidation of organic matter and
consequent sulfate reduction, because authigenic pyrite
is a ubiquitous component of the sediment. Organic car-
bon values range from 0.35 wt. per cent in the middle
Miocene to 0.72 wt. per cent in the upper Pliocene (an
interval in which no bioturbation was noted in the cores).

Benthic foraminifers indicate depths of deposition of
about 2000 meters for most of the Neogene at Site 438,
Some shallowing occurred during from Pleistocene to
the Holocene (present depths at site are approximately
1550 m) accompanying deformation of the Japan outer
slope region (Honza et al., 1977).

The Neogene stratigraphy at Sites 438 and 439 cor-
responds well with that of Sites 434 and 435 (Leg 56)
and 440 and 441 (Leg 57), which were drilled on the up-
per trench slope seaward of Site 438. Diatoms, clay, and
ash were the main sedimentary components from the
late Miocene through the Pleistocene at these sites.
However, little late Pliocene-Pleistocene terrigenous
clastic sediment reached any of these sites. Pliocene and
Pleistocene erratic pebbles (ice-rafted or floated in the
case of pumice) were common to all sites, and pumice
pebbles occur throughout the late Neogene sequences at
all sites.

Volcanic Materials

Products of Neogene volcanic activity, probably
from the Japan volcanic arc some 200 km upwind, oc-
cur throughout the sequence at Site 438: pumice frag-
ments, ash layers, and disseminated volcanic glass occur
in most intervals, whereas reworked volcanic detrital
sand-silt rock fragments are more scarce. Continuous
coring and good recovery allow for conclusions on the
timing of volcanic activity in the arc.

Pumice fragments or pebbles are present throughout
the sediment at Site 438 as recognizable rounded or
angular pebbles from 0.3 to 8 cm in diameter. Color is
generally white or light gray and sometimes black.
Pumice fragments are abundant in Unit 1, scarce and
small in Unit 2, and rather abundant and gravel-size in
Unit 3. Most were probably transported by oceanic cur-
rents as floaters from near the original volcanic area;
some small ones may have been transported by wind
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drift and some by ice-rafting during the Plio-Pleis-
tocene.

Volcanic glass occurs both as grains disseminated
within sediment and concentrated in distinct layers and
patches. Disseminated volcanic glass shards are mostly
clear and colorless and possess a low refractive index.
They are abundant in the Plio-Pleistocene of Holes 438
and 438A (5-15% of the sediment) and in the middle
and lower Miocene of Holes 438A and 438B (up to
20%), with generally small amounts (2-5%) through the
remainder of the section. Colored varieties of glass
(orange and yellow) are also present but are rare
throughout the sediment recovered.

Ash layers are variable in character and very numer-
ous (more than 100 in Hole 438B). Color is usually white,
light gray, and bluish gray to darker gray. Average thick-
ness of ash horizons is 2 to 3 cm, but they reach a maxi-
mum thickness of 10 cm (Sample 438-10,-6). The ash lay-
ers consist of silt-sized to coarse sand-sized glass shards
(65-95%) which are angular, clear, and colorless and
contain minor amounts of feldspars (euhedral in places
and zoned), quartz, hornblende, rare biotite, augite-hy-
persthene, magnetite, and pyrite. Preliminary examina-
tion suggests that the glass shards are aciditic to inter-
mediate in composition,

Mode of Deposition

Fine ash was transported primarily from the nearby
Japan arc by the prevailing westerly wind in this area
and by fall through the water column. This seems to be
a viable model for most very pure (greater than 90%
glass) and fine-grained ash layers interbedded with clay
or claystone (e.g., Samples 438A-20-2 and 438A-25-3).
Most commonly, ash layers show a bit of mixing of
other components such as quartz (up to 20% — e.g.,
Sample 438-3-2), diatoms, and clay. Indistinct grading
occurs in some thicker beds. This suggests some redis-
tribution and resedimentation by either turbidity or
other bottom currents. However, grading may also be
the result of normal settling-rate differences among par-
ticles of different sizes in their fall through the water
column. It is usual for ash beds to be partially reworked
by burrowing organisms and disrupted into ash pockets
of irregular shape. Bioturbation may explain con-
tamination in some beds. Nevertheless, when reworking
is not too great, individual ash layers or groups of ash
layers are probably related to a single phase of volcanic
activity in the Japan volcanic arc system to the west of
the site. Preliminary conclusions are that the distribu-
tion of ash layers in time is uneven; ash beds appear
near the top of the lower Miocene, become extremely
abundant within the Pliocene, and decline to relatively
low levels in the Pleistocene; however, these last are
greater than the maximum within the Miocene (see
Figure 5 and Cadet et al., this volume).

BIOSTRATIGRAPHY

Introduction

In Hole 438, 81.9 meters of olive gray diatomaceous
muds intercalated with ash layers was recovered span-
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Figure 5. Ash layer frequency through time in Leg 57
sites (see Cadet and Fujioka, this volume).

ning the late Pleistocene to middle Pliocene. Cores 4
and 6 were not recovered at this site. A total of 575
meters of similar sediment was recovered at Hole 438A
spanning the Pleistocene to early Miocene.

The sediments from Hole 438B contained diatoms,
radiolarians, nannofossils, and rare benthic foraminif-
era but were barren of planktonic foraminifera. The time
interval represented by the cores recovered at this hole
was from late Miocene through early Miocene (Cores
438B-1-438B-24,CC). As at the previous sites, diatoms
were the most abundant fossil group present; radiolari-
ans were common to rare. Nannofossils were absent be-
low Core 438B-15,CC. Figure 6 shows the correlation of
the holes drilled at Sites 438 and 439. Correlation of the
microfossil zones for Sites 438 and 439 is illustrated in
Figures 7 through 10.
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Figure 6. Biostratigraphic correlation of holes at Sites
438 and 439 based on zonations shown in Figures
7-10. Brackets indicate error margin.

Figures 11 and 12 represent sediment accumulation
rates for Holes 438 and 438A, respectively. Sedimenta-
tion rates are based on known data planes of various
microfossil groups which have been paleomagnetically
calibrated and/or radiometrically dated. At Holes 438
and 438A siliceous microfossils were most abundant;
therefore the sediment accumulation rates are primarily
based on data of these two microfossil groups. Calcare-
ous microfossils occur only sporadically.

Hole 438

Sedimentation rates based on microfossil data appear
to increase significantly below about 60 meters from 25
m/m.y. during the Pleistocene to late Pliocene to 145
m/m.y. during the rest of the Pliocene (Figure 11).

Hole 438A

Between 2 and about 5.4 m.y. the sediment ac-
cumulation rate increased significantly from about 25
m/m.y to 110 m/m.y. (Figure 12). Below Core 438A-36,
CC upper Miocene and upper middle Miocene sedi-
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Figure 7. Planktic biostratigraphy and generalized paleobathymetry at Hole 438.

ments accumulated at a rate of about 37 m/m.y. This
slower accumulation rate is thought to reflect in part
compaction of the sediments.

Site 439

Site 439 was cored continuously from 849 meters to
1157 meters, and spot cores were taken above this inter-
val at 498, 555, 649, and 745 meters to establish correla-
tion points with respect to the Site 438 holes. A good
paleontological correlation was established between
Holes 439 and 438B (Figure 6). Spot Cores 439-1 and
439-2 (498 m, 55 m) are late Miocene and correspond to
Cores 438A-35 through 438A-77 in Hole 438A. Core
439-3 (649 m), middle Miocene, is coeval with Cores
438A-61 and 438A-62 in Hole 438A and Core 439B-2 in
Hole 438B, whereas Core 439-4 (745 m), also middle
Miocene, correlates with Core 438A-73 (diatoms) and
Cores 438A-66 to 438A-84 (radiolaria) in Hole 438A.
Cores 439-5 and 439-6 at the top of the continuously
cored section correspond to Cores 438A-83 and 438A-84
in Hole 438A and encompass the early to middle Mio-
cene boundary.

The early Miocene is represented by approximately
138 meters of sediment between Cores 439-6 and 439-2.
Two distinct lithologies occur in this interval; the upper
55 meters (Cores 439-6-439-11) consist of olive gray
diatomaceous claystone and turbidite layers, and the

lower 83 meters (Cores 439-12-439-21) is dominantly
olive black silty claystones and turbidites. Diatom data
suggest that a hiatus occurs between these two lith-
ologies (Figure 10). Benthic foraminifera present in this
interval indicate deposition occurred in an upper middle
bathyal environment (500-1500 m).

Between Cores 439-24 and 439-32, only rare diatoms,
very small coccoliths, and reworked Cretaceous radio-
larians were recovered. However, diverse assemblages
of shallow-water benthic foraminifera were recovered
between Cores 439-22 and 439-25, which indicates the
late Oligocene and deposition in a shelfal environment.
Very rare benthic foraminifera were recovered between
Cores 439-26 and 439-36, including the 33 meters of
conglomerate. These isolated specimens elude age as-
signment,

Very poorly preserved arenaceous benthic foraminif-
era from the Upper Cretaceous age were recovered from
the black fissile shale which unconformably underlies
the conglomerate. This benthic assemblage indicates
deposition in a deep bathyal environment (4000 m +).

Diatoms
Site 438

Diatoms are well represented throughout the comn-
posite section (Holes 438, 438A, and 438B) cored at Site
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Figure 8. Planktic biostratigraphy and generalized paleobathymetry at Hole 438A.

438. Lower Miocene through Recent diatom assem-
blages were recovered. The mixture of high and low
latitude assemblages that results from the location of
Site 438 near the present-day confluence of the warm
water Kuroshio Current and the cool water Oyashio
Current occurs throughout the fossil record.

40

Hole 438

Abundant to common late Pliocene to Recent dia-
toms are present in the 106.9-meter section cored in Hole
438; preservation is good to moderate. Samples 438-1-4,
13-15 c¢m, through 438-2-3, 24-26 cm, are assigned to



SITES 438 AND 439

-] E Diatom Radiolarian Cal [ tossil| Benthic F
= 'E,s Zonation Zonation 2 Bathy y (m) Age
5 | § {Barron) [Reynolds) {Shatfar) (Keller)
2 | 1500 2000
T 1
/72722222227, /2777722
i D a Discoaster
L hustedtii I neohamatus T
/// é % 7=
D. hustedtii ¢ Ommatartus Catinaster
2 0. lauta b antepenultimus = | coalitus
7 A 0. hughesi W‘
700 %‘/ /
w
-t
= 8
< % =
B 4 / =
a 3 = 3]
£ 800+ a =]
g =
E D. taura Eucyrticium
ol inflatum /
-
@ L.
Sohenolithus
Sphaeropyle hateromorphus
900 A robusta —
] Helicosphaera
ampliaperta
Aitirgeyclis Lithocarpium | — = = — = — ]
ingens polyacantha H :
B Stichocorys = «
armatd 7 5
17 Cannartus Y
1000 1 violing \
20 Y
Prunopyie \
titan \
4 L A

Figure 9. Planktic biostratigraphy and generalized paleobathymetry

at Hole 438B.

the uppermost Pleistocene Denticula seminae Zone of
Koizumi (1975) (0-0.26 m.y.B.P.).

The interval from 438-2-4, 79-81 cm, through 438-3-4,
140-142 cm, correlates with the upper Pleistocene Rhi-
zosolenia curvirostris Zone of Koizumi (1975) (0.26-0.9
m.y.B.P.).

The lower Pleistocene Actinocyclus oculatus Zone of
Koizumi (1975) (0.9-~1.7 m.y.B.P.) occurs in samples
438-3-6, 141-143 cm, and 438-3, CC.

Samples 438-5-1, 140-142 c¢m, through 438-7,CC cor-
relate with the D. seminae var. fossilis Zone (1.7-2.43
m.y.B.P., upper Pliocene) (Barron, this volume).

Samples 438-8-1, 120-123 cm, through 438-12,CC
(base of hole) are placed in the D. seminae var.
Sossilis-D. kamtschatica Zone and are late Pliocene
(2.43-3.0 m.y.).

Hole 438A

A section nearly identical to that of Hole 438 was
recovered in the upper 120 meters of Hole 438A. Other
than a coring gap from 58.5 meters (Core 5) to 106.5
meters (Core 6), Hole 438A was continuously cored to a
depth of 868.5 meters, where upper lower Miocene
sediments were recovered. Diatoms are abundant to
common throughout the hole, whereas the quality of
preservation decreases with depth. Preservation is good
to moderate above Core 63 (650 m), generally moderate
between Core 63 (650 m) and Core 75 (764 m), and
moderate to poor below Core 75.

Zonal assignments in the upper part of Hole 438A are
as follows: Samples 438A-1-1, 110-112 cm, through
438A-1,CC — D. seminae; Samples 438A-2-1, 140-142
cm, through 438-2-4, 140-142 cm — R. curvirostris;
Samples 438A-2,CC through 438A-3,CC A. oculatus;
and Sample 438A-4-2, 140-142 cm, through 438A-5,CC
D. seminae var. fossilis. Assemblages of Core 4 appear
somewhat younger than those of Core 5 and contain
glauconite, an indication that a hiatus may occur at the
base of Core 4.

Samples 438A-6-1, 122-124 cm, through 438A-12-1,
138-140 cm, are approximately correlated with the D.
seminae var. fossilis-D. kamischatica zone, based on
the last occurrence of Thalassiosira nativa in Sample
438A-12,CC (Barron, this volume).

The interval from 438A12,CC through 438A-28-1,
140-142 cm, is assigned to Subzone ¢ of the D. kam-
tschatica zone as modified by Barron (this volume) and
presumably represents the record from about 3.0 to
about 4.3 m.y.B.P.

Other diatom zonal assignments for Hole 438A are as
follows (Barron, this volume): Samples 483-28-4,
118-120 c¢m, through 438A-35-5, 135-137 ¢cm — Sub-
zone b, D. kamtschatica; Samples 438A-35,CC through
438A-42-3, 110-112 cm — Subzone a, D. kamischatica;
Samples 438A-42-5, 83-85 cm, through 438A-46-5,
130-132 cm — Subzone b, Denticula hustedtii; Samples
438A-46,CC through 438A-54,CC — Subzone a, D.
hustedtii; Samples 438A-55-1, 30-32 cm, through
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Figure 10. Planktic biostratigraphy and generalized paleobathymetry at Site 439.

438A-59,CC — Subzone d, D. hustedtii-Denticula lauta;
Samples 438A-60-1, 134-136 cm, through 438A-64-1,
127-128 cm — Subzone ¢, D. hustedtii-D. lauta; Sam-
ples 438A-64-3, 36-38 cm, through 438A-65,CC — Sub-
zone b, D. hustedtii-D. lauta;, Samples 438A-66-2, 25~
27 ¢cm, through 438A-68-1, 101-103 cm — Subzone g, D.
hustedtii-D. lauta; Samples 438 A-68-5, 70-72 c¢m, through
438A-73-5, 46-48 cm — Subzone b, D. lauta; and Sam-
ples 438A-84,CC through 438A-86,CC (base of hole) —
Actinocyclus ingens.

The lower Pliocene/upper Pliocene boundary lies
high in the D. kamtschatica zone. The Miocene/Plio-
cene boundary is placed just below the last occurrence
of Rouxia californica in the uppermost part of Subzone
b of the D. kamtschatica zone. The middle Miocene/up-
per Miocene boundary most likely occurs high in Sub-
zone ¢ of the D. hustedtii-D. lauta zone. The lower
Miocene/middle Miocene boundary is approximated by
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the first occurrence of D. lauta sensu stricto at the base
of the D. lauta zone (Barron, this volume).

A latest Miocene (~5.5-6.6 m.y.B.P.) hiatus is sug-
gested in the lower part of the Core 42 of Hole 548A by
the diatom data (Barron, this volume). This hiatus may
very well correspond with the thin (0.5-m) siltstone layer
overlain by glauconites in the upper part of Section 4 of
Core 42; the occurrence of younger diatoms such as
Nitzschia reinholdii in Sample 438A-42-5, 130-132 cm,
may be the result of mixing by burrowing organisms.
This latest Miocene hiatus can also be detected in Hole
440 and is present in Hole 173 off northern California
and in onshore sections in California (Barron, this
volume). This hiatus and the initiation of the Messinian
Salinity Crisis in the Mediterranean may be the result of
the same global climatic factors at the end of the
Miocene. A second hiatus of about one million years
duration most likely occurs between Cores 65 and 66.
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Assemblages typical of the lower part of Subzone b and
the upper part of Subzone a of the D. hustedtii-D. lauta
zone in California are absent from Hole 438A.

Hole 4388

Hole 438B extends the stratigraphic record at Site 438
to 1040.7 meters, where lower Miocene sediments of
Subzone a of the A. ingens zone of Barron (this volume)
were recovered. Diatoms are generally common and
preservation is moderate to poor above Core 9 (900.3
m). Below that level, diatoms become few to rare and
preservation is dominantly poor.

Spot coring above 853.3 meters (Cores 1-3) provides
ties with the section cored in Hole 438A.

Sample 438B-1,CC (576.5 m) contains Coscinodiscus
endoi without D. lauta and correlates with the lower
part of Subzone a of the D. hustedtii zone in the interval
from Samples 438A-52-5, 128-130 cm (552.7 m), through
438A-54-1, 65-67 cm (565 m).

The silicoflagellates Distephanus pseudofibula and
Mesocenica hexagona in Sample 538B-2,CC (667.9 m)
occur together in the lower part of Subzone ¢ of the
Denticula hustedtii-D. lauta within the interval from Sam-
ples 438A-60-3, 15-17 ¢cm (626.1 m), through 438A-61,
CC (631 m).

The presence of D. lauta, D. punctata f. hustedtii, and
Kisselviella carina in Sample 438B-3-3, 28-30 c¢m (789.3 m),
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Figure 12. Sedimentation rates for Hole 438A, uncorrected for compaction, based on diatom (D), radiolarian (R), nan-
nofossil (N), foraminifer (F), and paleomagnetic (PM) data. Paleomagnetic dates represent Matuyama/Gauss bound-
ary, Gauss/Gilber boundary, and top of C, event of Gilbert Epoch (see Hall and Smeltzer, this volume).
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argues for correlation with Subzone « of the D. lauta
zone in the interval of Cores 73 through 79 of Hole 438A.

Cores 4 and 5 of Hole 439 are also assigned to lower
middle Miocene Subzone @ of the D. lauta zone.

Diatom assemblages in Cores 6 through 23 are placed
in the upper lower Miocene A. ingens zone of Barron
(this volume). Assemblages in Sample 438B-24,CC (the
base of the hole) are too poor to allow correlation.
These assemblages contain good A. ingens; this species
first occurs within the Helicopontosphaera ampliaperta
(calcareous nannofossil) zone in the southern California
continental borderland and in the North Atlantic
(DSDP Site 407) (Barron, unpublished data).

Site 439

Spot coring (Cores 1-4) provides ties with nearby
Hole 438A. Sample 439-1,CC (499 m) contains the
diatom Thalassiosira antiqua and the silicoflagellate
Distephanus pseudofibula, an overlap that is restricted
to the interval from Samples 438A-44-5, 71-73 cm
(476.2 m), to 438A-47-1, 70-72 cm (498.7 m) (Subzone b
of the Denticula hustedtii).

Sample 439-2,CC, cored over 50 meters below Core
1, has the same species overlap, and sample contamina-
tion from 439-1,CC is suggested.

The presence of R. harboi, R. praebarboi, and the
silicoflagellate Distephanus pseudofibula in 439-3,CC
(649 m) argues for correlation with Cores 60 or 61 of
Hole 438A (621.5-640.5 m) (Subzone c of the Denticula
hustedtii-D. lauta Zone).

D. lauta, D. punctata f. hustedtii, and Delphineis
penelliptica in 439-4,CC (749.3 m) indicate Subzone a
of the Denticula lauta Zone. Correlation with the inter-
val from Core 72 through Core 79 of Hole 438A is sug-
gested.

Continuous coring in Hole 439 began with Core 5 at
849.5 meters. Diatoms were present, although they were
generally rare and poorly preserved through Core 20.
Below Core 20, no more than one or two specimens
were observed on any given microscope slide. These in-
dividuals were usually specimens of the long-ranging,
robust species C. marginatus.

Sample 439-5,CC is assigned to the D. lauta Zone
(middle Miocene). Although Sample 439-6,CC is bar-
ren, Samples 439-7,CC through 439-11,CC correlate
with the upper lower Miocene A. ingens Zone of Barron
(this volume). The presence of C. endoi and Coscino-
discus lewisianus in 439-11,CC is indicative of the up-
per part of the zone of Cores 6 through 8 and Sample
438B-9-1, 85-87 c¢m, in Hole 438B.

Below this interval in Hole 439, Cores 12 through 20
contain lower Miocene diatoms older than the A. ingens
Zone. It is suggested that a hiatus between Cores 11 and
12 of Hole 439 removes Subzone a of the A. ingens
Zone.

The poorly preserved lower Miocene diatom assem-
blage of Cores 12 through 20 resembles the lower Mio-
cene diatom assemblage reported from Hole 348 in the
Norwegian Sea (Schrader and Fenner, 1976). Species
observed include C. symbolophorus varieties, Synedra
Jjouseana (large form), Cestodiscus spp., Thalassiosira
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JSraga, T. spinosa, T. spinosa var. aspinosa, and T. spu-
mellaroides. These taxa and the lack of Oligocene
diatoms argue strongly for an early Miocene time as-
signment.

Diatoms are generally common to few with moderate
preservation above Cores 6 (859.0 m). They become few
to rare with moderate to poor preservation in the inter-
val from Core 6 to Core 9 (887.5 m). From Core 10
through Core 20 (982.5 m), diatoms are rare and are
poorly preserved.

Radiolaria

Site 438

Site 438 provides common to rare, well to poorly pre-
served, relatively diverse radiolarian assemblages. Pres-
ervation and abundance decrease with depth. Abun-
dances of few to common with good to moderate preser-
vation may be found from the surface (Section 438-1-1)
to a depth of approximately 960 meters. Below this
depth faunas are poorly preserved and rare.

Pleistocene to Recent radiolarian faunas are present
in Sections 438-1-1 to 438-5-3 and 438A-1-1 to 438-4-5.
The following radiolarian zones are represented in this
interval: Botryostrobus aquilonaris (Sections 438-1-1-
438-2-5 and 438-1-1-438A-1,CC), Axoprunum angelin-
um (Sections 438-3-1-438-5-1 and 438-2-1-438A-3-5),
Eucyrtidium matuyamai (Sections 438-5-3 and 438A-4-
1-438A-4-3), and top of the Lamprocyrtis heteroporos
(Section 438A-4-5).

Pliocene sediments may be found from 438-5-5 to
438-12,CC and 438A-5-1 to 438A-30-4. The Miocene/
Pliocene boundary is interpreted as the first occurrence
of L. heteroporos. Sections 438-5-5 to 438-12-5 and
438A-5-1 to 438A-12-1 (L. heteroporos Zone), 438-12,
CC, and 438A-13-1 to 438A-32-4 (Sphaeropyle langii
Zone) mark the intervals in which the Pliocene radiolar-
ian zones occur.

Miocene radiolarian zones recognized in Site 438 are
as follows: Stichocorys peregrina (Section 438A-33-2-
438A-42-1), Ommatartus penultimus (Sections 438A-
42-3-438A-52-6), Ommatartus antepenultimus (Sec-
tions 438 A-53-2-438A-59-5 and 438B-2,CC), Ommatar-
tus hughesi (Sections 438A-59-5-438A-62-1), Lithopera
bacca (Sections 438-63-1-438-65-1), Eucyrtidium in-
flatum (Sections 438A-65-3-438A-78-3 and 438-3-3-
438-4-5), Sphaeropyle robusta (Sections 438A-79-2-
438A-82,CC and 438B-5-1-438B-10-1), Lithocarpium
polyacantha (Sections 438 A-84-2-438 A-86,CC and 438B-
11-1-438B-13,CC), Stichocorys delmontensis (Sections
438-15-2-438B-17-1), Cannartus violina (Sections 438B-
17-3-438B-19-5), and Prunopyle titan (Sections 438B-
20-1-438B-24,CC).

A lower Pleistocene hiatus is interpreted between Sec-
tions 438-5-1 and 438-5-3 and between Sections 438A-
3-5 and 438A-4-1. Evidence for this is the reduced
thickness of the E. matuyamai zone and the results
shown on the sediment accumulation curve for Sites 438
and 438A (see Figures 11 and 12). The top of the E.
matuyamai Zone may occur within Core 438-4. The



poor representation of E. matuyamai in Hole 438 made
it difficult to determine precisely its last occurrence.

Reworked Cretaceous and Paleogene(?) radiolarians
are found in the lower portion of Hole 438B. Since they
are recrystallized, infilled, and poorly preserved, specif-
ic identifications are impossible The following forms are
present: Dictyomitra, Porodiscus, Acaeniotyle, Phaseli-
Jorma, and Archeospongoprunum.,

Site 439

Radiolarian assemblages in Site 439 range widely in
preservation and in diversity. Radiolarian are common
and show good preservation from depths of approx-
imately 500 (Section 439-1-1) to 650 (Section 439-3,CC)
meters, less abundant from 750 (Section 439-4,CC) to
850 (439-5,CC) meters, rare from 870 (Section 439-7-1)
to 1090 (Section 439-31-1) meters, has moderate preser-
vation from 750 (Section 439-4,CC) to 910 (Section
439-11-3) meters, and has poor preservation from 916
(Section 439-12-1) to 1090 (Section 439-31-1) meters.
Unlike any of the other sites drilled on Leg 57, many of
the samples are barren of radiolarians — in particular,
Samples 439-25-5, 439-26-5, 439-31-3, and from 439-
33-1 to 439-39,CC.

The diversity of radiolarians is too low in many of the
samples to allow for accurate zonal assignments. The
following samples allow zonal assignments: 439-1-1 (O.
penultimus), 439-2-1 (O. antepenultimus to the top of
O. hughesi), 439-2,CC to 439-3,CC (O. hughesi) to the
top of Lithopera bacca 439-9-5 to 439-11-1 (Sphaero-
pyle robusta), and 439-13-1 to 439-21-3 (P. titan).
Samples below 439-21-3 are too poorly preserved and
contain many recrystallized and infilled Cretaceous and
(?)Paleogene radiolarians. The following forms are
recognized from these cores: Dictyomitra, Acaeniotyle,
Eucyrtidium, Archeospongoprunum, Phaseliforma,
Porodiscus, Sethocapsa, Eucyrtis, Amphipyndax, and
pseudoalophasiids. Not all of these radiolarians have
necessarily been reworked, because some of them are
present in strata dated as Cretaceous using foraminifers.

Calcareous Nannofossils

With few exceptions for Site 438 holes, nannofossil
abundances were rare to few, species diversities were
generally low, and the assemblages were commonly ex-
tratropical in aspect. Nannofossil occurrences were also
sporadic, and preservation states ranged from poor to
moderate with indications of dissolution and over-
growth. Oscillation of the relative influence of the an-
cient Kuroshio and Oyashio current systems; vertical
fluctuation in the calcite compensation depth (CCD),
which in turn may be related to eustatic sea level and
climatic changes; diagenetic processes; and dilution by
hemiterrigenous sediment influx may account for their
rare and sporadic quality.

Regardless of the quality of nannofossil assemblages
recovered, the Pliocene to Pleistocene sequence com-
prising Hole 438 could be zoned and dated reasonably
well. The interval encompassed by Cores 1 and 2
through 6 belongs in the Emiliania huxleyi zone, and the
top of the Pseudoemiliania lacunosa zone is placed in
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Core 2,CC on the basis of the last occurence there of P.
lacunosa. A population of very small gephyrocapsids in
Core 3,CC may correspond to Gartner’s (1977) zone of
small Gephyrocapsa. Core 5,CC is within the lowermost
Pleistocene Cyclococcolithina macintyrei zone. It is un-
fortunate that Core 6 was not recovered, as it apparent-
ly spans the Plio/Pleistocene boundary. Rare occur-
rences of Discoaster brouweri in Core 7-1, along with
Discoaster surculus in Cores 7-2 and 8-1, place this in-
terval within the D. surculus zone. Cores 9-4 through
11-6 contain sporadic occurrences of P. lacunosa, D.
brouweri, Discoaster pentaradiatus, and D. surculus. In
the absence of Reticulofenestra pseudoumbilica and
Sphenolithus abies, this sequence is assigned to the D.
surculus/D. tamalis zones. Samples from Core 12 were
barren.

Estimated sediment accumulation rates for Hole 438
were higher in the Pliocene than in the Pleistocene. This
discontinuity in sedimentation rates, interpolated be-
tween Core 5,CC and Core 7-1, may represent a minor
hiatus involving the uppermost Pliocene and the lower-
most Pleistocene.

Nannofloras were sufficiently developed in Hole
438A to zone all but a few intervals in the middle
Miocene to Pleistocene sequence, although a lack of
continuity of occurrences rendered zonal boundary
determinations difficult. Core 1 is assigned to the
Emiliania huxleyi zone. Pseudoemiliania lacunosa oc-
curs at least as high as Core 2-3, and the top of the P.
lacunosa zone is postulated to occur in the wash gap bet-
ween Cores 1 and 2. Assemblages characteristic of Gart-
ner’s zone of small Gephyrocapsa were noted in Cores
2,CC and 3,CC.

A minor hiatus involving the Plio/Pleistocene boun-
dary is suspected, because neither the upper Pliocene D.
brouweri zone nor the lower Pleistocene C. macintyrei
zone was recognized. Cores 4-6 through 7,CC are
assigned to the upper Pliocene D. surculus zone, and
Core 8-2 is within the D. tamalis zone. The tentative top
of the R. pseudoumbilica zone in Core 8,CC approx-
imates the top of the lower Pliocene. The lowermost
Pliocene Ceratolithus acutus zone occurs in Cores 26-3
and 30,CC. Indicator species used to determine the
Miocene/Pliocene boundary, which probably occurs
between Cores 31 and 35, were not present.

The upper Miocene Amaurotithus primus zone oc-
curs in Cores 36,CC and 40-6, and the underlying
Discoaster berggrenii zone is present in Cores 40,CC
and 45,CC. Nannofloras assigned to the Discoaster
neohamatus zone (Cores 49 through 55) are generally
rare and sporadic. The Discoaster hamatus zone, which
approximates the top of the middle Miocene, is assigned
to the interval between Cores 56-1 and 61,CC. Core
62,CC belongs within the Catinaster coalitus zone, and-
Cores 66,CC through 70,CC delineate the Coccolithus
miopelagicus subzone, as indicated by the presence of
Cyclocargolithus floridanus. Samples from Cores 71
through 86 were barren or contained very rare non-
diagnostic species.

Estimated sediment accumulation rates for Hole
438A (Figure 12) were considerably higher for the
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Pliocene than for the Pleistocene. Although the rates
are different, the sedimentation patterns for the
Plio-Pleistocene in Holes 438 and 438A bear striking
resemblance, including the abrupt change in accumula-
tion rates occurring near the Plio/Pleistocene boundary
(Figures 11 and 12).

Cores 1, 2, and 3 of Hole 438B were spot cores taken
at selected intervals for the purpose of establishing cor-
relation points with Hole 438A. Core 1 is with the
Discoaster neohamatus zone and correlates with the in-
terval in Hole 438A from Cores 49 through 55. Core 2,
assigned to the middle Miocene Catinaster coalitus
zone, is coeval with Core 62 in Hole 438A. Cores 3 and
4 were barren.

Cores 5 through 11 are placed in the Sphenolithus
heteromorphus/Helicosphaera ampliaperta zones un-
differentiated, and Cores 12 through 15 belong to the
lower Miocene Helicosphaera ampliaperta zone. Cores
16 through 24 were barren of nannofossils.

Foraminifera

Foraminifers in Site 438 are abundant and well pre-
served in upper Pleistocene sediments and common to
rare in upper Miocene to lower Pleistocene sediment,
with preservation ranging from poor to moderate. How-
ever, sporadic samples containing well-preserved and
diverse planktonic faunas permit assignment of the
standard planktonic foraminiferal zones in late Miocene
sediments, and the standard zonation can be extrapolat-
ed to the Pliocene cool water fauna by correlation with
mid-to-low latitude faunas. (Ingle, 1973; Vincent, 1975;
Keller, 1978). Several intervals of intense dissolution
can be recognized based on microfossil datum levels and
extrapolation from sediment rate curves. The following
dates, in millions of years, for these dissolution intervals
are estimated: 0.9t0 2.4, 2.8t03.0(?), 3.2t03.3(?), 3.5
to 5.5, 6.0 to 10.0 (?), 12.0 to lower Miocene. (Extrapo-
lated dates are marked with a question mark; absolute
dates are based on microfossil datum levels: F =
foraminifera, N = nannofossil, D = diatom, R =
radiolarian.)

Site 438

Planktonic foraminifers in Hole 438 are common to
abundant during the latest Pleistocene (0.9 m.y. (N,
D)-to Holocene), absent because of intense dissolution
between 0.9 (N, D) and 2.4 m.y. (D), and rare to few
between 2.4 and 2.8 (?) m.y. Cores 1 to 3 contain an up-
per Pleistocene fauna younger than 0.9 m.y. (N, D).
The Plio/Pleistocene boundary falls within the dissolu-
tion interval encompassing the uppermost Pliocene to
lower Pleistocene (2.4 (D)-0.9 (N. D.) m.y.). Upper
Pliocene assemblages (N.21) are present in Cores 8 to 10
and are characterized by Globorotalia puncticulata and
Globorotalia inflata.

Hole 438A

Benthic foraminifers are consistently present except
in Core 7 and Core sections 8-3 and 8-6. The late Pleis-
tocene fauna is characterized by the deep-water species
Elphidium batialis, Nonion labradoricum, Epistomin-
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ella pacifica, Buccella inusitata, and Uvigerina akitaen-
sis. This group of species is characteristic of the late
Pleistocene benthic faunas observed in the Japan
Trench sites and is indicative of the present water depth
of 1550 meters at this site. Late Pliocene faunas suggest
deposition occurred in somewhat deeper water, between
1550-2000 meters, during this time.

Because of intervals of dissolution, sediments from
Hole 438A yielded a relatively discontinuous Miocene to
Pleistocene planktonic foraminiferal record. As in Hole
438, late Pleistocene faunas (0.9 (N, F, D)-to Holocene)
are abundant in Cores 1 and 2, and dissolution encom-
passes the latest Pliocene to early Pleistocene interval
(Cores 2,CC-4-5). Upper Pliocene faunas (N 21) are
present in Cores 4,CC to 10 and include G. punc-
ticulata, Globoquadrina venezuelana, Neogloboquad-
rina humerosa, Globorotalia inflata modern variety, and
abundant Neogloboquadrina pachyderma forms 2 and
3. The first appearance of G. inflata modern var. and
the last appearance of G. puncticulata in Core 4,CC
suggest an age of 2.0-2.2 m.y. In mid-latitudes of the
North Pacific the N.19/N.21 boundary is approximated
by the first appearance of primitive forms of G. inflata
associated with a marked short cold even dated about
3.0 m.y. (Keller, 1978). In Hole 438A this short, cold in-
terval may be represented in Cores 9 and 10, which con-
tain only rare and severely dissolved specimens. Early
Pliocene faunas are present in Cores 10 to 25,CC and
are characterized by Globorotalia juanai, Globorotalia
conomiozea, Globigerina nepenthes, Globorotalia cf.
suterae, Globogquadrina venezuelana, and Neoglobo-
quadrina pachyderma forms 2 and 3.

The Plio/Pleistocene boundary falls within the
dissolution interval encompassed by Cores 26 to 37,CC.
Planktonic foraminiferal faunas of the upper Miocene
(N17) occur in Cores 36 through 45 and are marked by
the last appearance of Globoquadrina dehiscens, Glob-
orotalia lenguaensis, Globorotalia menardii, and Glob-
orotalia cibaoensis. Between Cores 45 and 51 planktonic
foraminiferal are rare to absent. Cores 52 to 59 contain
diverse warm water faunas of the upper Miocene (N16)
characterized by Globorotalia merotumida, and G. con-
oidea. Planktonic foraminifers are absent throughout
the lower and middle Miocene.

Benthic foraminifers occur in varying abundance
throughout Hole 438A and reflect a dissolution pattern
similar to that observed in Hole 438. Early Miocene
benthic foraminiferal assemblages indicate that deposi-
tion occurred in an upper middle bathyal environment
(500-1500 m). No data are availabe for middle Miocene
sediments. During late Miocene to early Pliocene
deposition occurred at lower bathyal depth (2000m +),
indicating that subsidence has been going on since the
early Miocene time. A gradual shallowing is indicated
from 2000 meters+ to 1500 meters during the late
Pliocene to late Pleistocene.

Site 439

Planktonic foraminifers are extremely rare in Site
439. Core 1 contains an upper Miocene planktonic
foraminiferal assemblage (N.17). Planktonic foramini-



fers are absent throughout the Upper Cretaceous to
Middle Miocene sequence with the exception of very
rare specimens of Catapsydrax unicavus in Cores 14 and
15, which suggests that this interval is no younger than
lower Miocene.

Benthic foraminifers in Site 439 are generally rare to
few and poorly preserved except for intervals in the up-
per Miocene, lower Miocene, and upper Oligocene in
which relatively diverse faunal assemblages are pre-
served. The benthic assemblage in Core 1 (upper Mio-
cene) suggests that deposition occurred in lower middle
bathyal (1500-2000 m) to bathyal (2000 m +) environ-
ment. Cores 2 to 11 are barren of foraminifers. Cores 13
to 15 contain a diverse lower Miocene benthic assem-
blage indicating deposition occurred in upper middle
bathyal depth (500-1500 m). Shallow water (<500 m)
benthic species characteristic of the upper Oligocene are
present in Cores 22 to 25. This fauna is dominated by
species of Elphidium sumitomoi, Elphidium iojimaensis,
Gyroidina iojimaensis, Bolivina substriatula, and Epis-
tominella danvillensis. Between Cores 26 and 36 only
rare nondiagnostic benthic foraminifers are present.
The dacite conglomerate underlying this unit is barren
of foraminifera. The hard black siliceous shale which
unconformably underlies the dacite conglomerate yield-
ed a very poorly preserved arenaceous fauna of the Up-
per Cretaceous. The following genera and species have
been identified from this unit: Haplophragmoides cf.
Sformosus, Involutina (= ?Spirillina) hashimotoi, In-
volutina (= ?Spirillina) cretacea, Ammobacculites sp.,
Bathysyphon sp., Lenticulina sp., and Ammodiscus sp.
This fauna suggests deposition occurred below 4000
meters.

GEOCHEMISTRY

Shipboard geochemical studies of samples from Sites
438 and 439, which are 5 to 6 km apart, consisted of
analysis of interstitial water, monitoring of hydrocar-
bons for drilling safety purposes, and evaluating the
sediments for their hydrocarbon source rock potential.

Interstitial Water Analysis

Water samples for chemical analysis were collected
about every 50 meters by squeezing 10-cm core samples,
carefully freed from drilling mud, at approximately 5°C
in a stainless steel mechanical press. The water samples
were forced from the press through filters at a pressure
of 1.77 kg/cm? directly into sealed syringes. PH and ti-
tration alkalinity determinations, most subject to
change with time, were then made immediately, fol-
lowed by determinations of salinity (by refractive
index), Cl-, Ca?*, and Mg?* (Figures 13 and 14). These
analyses closely agree with complementary interstitial
water samples taken with an in-hole sampler (Moore
and Gieskes, this volume).

Both the salinity and chloride content show a fairly
uniform decline with subbottom depth, such that at the
bottom of the hole they have about 60 per cent of the
values of surface sea water. We considered several pos-
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sible causes for this relationship, including a dilution by
nonsaline water expelled from clay minerals during
compaction. That mechanism may be unlikely, how-
ever, because samples from subsequent Site 440, on the
midslope terrace, do not show a similarly large reduc-
tion in salinity despite being similar in other respects.

An explanation that seems to fit the evidence better is
that in the geologic past a fresh-water artesian system
existed in the sandstone and conglomerate near the base
of the drilled section, and the connate water above it
was diluted during water expulsion accompanying com-
paction. This explanation has previously been offered
for similar relationships at other continental margin
drill sites — for example, at Site 241 off eastern Africa
(Gieskes, 1974). The recharge area for the artesian
system on the Japan Deep Sea Terrace was probably the
Oyashio landmass, the last vestige of which probably
submerged below sea level during the Pliocene.

The carbonate system was studied by means of the
Ca®+, Mg?*, pH, and alkalinity values. Alkalinity
reaches a maximum at a depth of about 200 meters,
probably owing to bacterial decomposition of organic
matter during sulfate reduction, as is also attested to by
the presence of tiny authigenic pyrite spherules in the
deposits. The alkalinity maximum coincides with a pH
minimum, and the calcium-ion concentration remains
relatively constant throughout the section. Minor amounts
of replacement chalk occur in places in the cores, and
concretionary limestone layers are conspicuous below
650 meters.

Artesian dilution is insufficient explanation for the
degree to which the magnesium-ion concentration de-
clines with depth. Magnesium may enter into authigenic
magnesian calcite, and it may enter clay minerals to
replace iron extracted to form the pyrite.

Gas Analysis

As recommended by the Pollution-Prevention and
Safety Panel (Claypool et al., 1976), each core was
checked immediately for gas indications and fluores-
cence. The gas usually was collected on the deck from
the full cores before cutting them into sections, by insert-
ing a vacuum needle through the transparent core tube
into a sediment gap. The percentage of methane was
determined by a Carle gas chromatograph. To reduce
the masking effect of the large methane excess, the gas
was then adsorbed into chilled activated alumina, the
methane removed by a 2-minute flow of helium at
—70°C, and the higher hydrocarbons desorbed at
100°C for analysis in a Hewlett Packard gas chromato-
graph (Whelan, this volume).

Some cores, especially short ones, were clearly con-
taminated by gases from the sea water drilling fluid or
by air during handling. In this report only the data on
cores longer than 2 meters are considered. Samples were
not taken below 1080 meters, because deeper cores in-
dicated no obvious gas pressure when the needle was
pulled — possibly because high permeability permitted
the gas to escape from sandy strata upon arrival on the
deck.
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Figure 13. Relationship between sub-bottom depth and salinity, Cl-, Ca?*, and Mg?* of interstitial water, Sites 438

and 439.

We smelled a strong hydrogen sulfide odor in the
shallowest samples, and no appreciable methane was
detected to a depth of approximately 90 meters (Figure
14). Once methane was detected, it remained at a level
of less than 40 per cent to about 175 meters, and then in-
creased to 60 per cent. At 250 meters the H,S odor
disappeared. Ethane appeared at 103 meters, but the
amount was small, as indicated by a methane/ethane
ratio of 1300, in which the methane content of the core
gas is 4 per cent (Figure 14). The ethane content stabil-
ized at about 200 meters, and propane, butane, and-
pentane appeared at 118, 133, and 213 meters, respec-
tively (Sato and Whelan, this volume). Neopentane
(tetramethylmethane) occured from 250 meters to the
base of the sections. The increase in methane and
decrease in H,S odor between 200 and 250 meters prob-
ably delineates the top of the bacterial methane produc-
tion zone, as methane generally occurs below the zone
of bacterial reduction of SO* to H,S (Claypool and
Kaplan, 1974).

The level of methane was fairly constant to the base
of the hole, and the ethane and propane contents in-
creased gradually. This might at first suggest that the
bacterial methane zone was grading into the ther-
mochemical petroleum-generating zone, but the follow-
ing factors suggest that such is not the case: (1) the
temperature of 32°C, obtained by extrapolation from
time-sequential in-hole measurements at 862 meters, is
less than the 50°C which is generally recognized as the
minimum required for generating petroleum; (2) the
methane/ethane ratio at the base of the hole is too high
for the oil-generating zone; (3) the presence of neopen-
tane near the base of the hole indicates that the
thermochemical-reaction zone had not been reached,
because neopentane is a relatively rare constituent of
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true petroleum (Erdman, 1961). Therefore the ethane
seems to have been produced by diagenesis rather than
by normal oil-generating processes.

At other Deep Sea Drilling Project sites the meth-
ane/ethane ratio shows a similar systematic change with
depth (Claypool et al., 1976), but at Sites 438 and 439
the relative amounts of ethane at successive depths are
less than in most previously drilled areas. The tempera-
ture of 32°C at 862 meters and the sea-floor tempera-
ture of 1°C give a moderate geothermal gradient of 3.6°C
per 100 meters, but the low starting temperature at the
sea floor results in low temperatures at given depths.
This evidence confirms that the diagenetic accumulation
of ethane relative to methane is inhibited by low tem-
perature.

The relatively low ethane curves at these sites might
seem surprising in view of the underlying magmatism
suggested by the late Oligocene-early Miocene dacitic
conglomerate, but the heat flow at this crustal source
probably has been reduced by the later protracted sub-
duction of cool oceanic crust, here below a sub-bottom
depth of about 15 km.

Organic Carbon and Pyrolysis-Fluorescence Analysis

Organic carbon and pyrolysis-fluorescence measure-
ments were carried out for source rock evaluation on
sediment samples taken about every 50 meters. For the
pyrolysis-fluorescence analysis, 0.1 gram of sediment
was heated to redness in a test tube, cooled, and ex-
tracted with trichloroethane. The fluorescence values,
on the basis of a solvent volume of 3 cm?, are reported
in PF per cent units. To avoid self-absorption effects,
greater dilution was generally used in the analysis to
achieve maximum values when computed on the 3-cm?
basis.
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Figure 14. Relationship between sub-bottom depth, pH, and alkalinity of interstitial water, and methane and meth-

ane/ethane ratio of core gas, Site 438 and 439.

The values of the analyses range from 0.20 to 0.72
per cent organic carbon and from 30 to 20 PF units
(Figure 15). Little relationship to sub-bottom depth is
evident in the analyses. The range of values seems to de-
pend more on differences in the source material and
variations in lithology. Because the sediments from
these sites have only small quantities of organic carbon
and low values of pyrolysis-fluorescence, their hydro-
carbon richness would be classified as low with respect
to petroleum generation. Hood et al. (1976) consider PF
values of less than 30 to eliminate sediments as potential
source rocks for economic oil accumulations. If more
than about 1 per cent organic matter were present in
rocks in a nearby setting, and temperature conditions at
depth were suitable, the potential for generating petrole-
um might be considered more favorable.

PHYSICAL PROPERTIES

Wet bulk density, porosity, sonic velocity, water con-
tent (per cent wet weight), shear strength, and thermal
conductivity were determined for the majority of the
cores collected at Sites 438 and 439. The results are
presented in Site Summary Chart, Sites 438 and 439
(back pocket) and the data tabulated in Appendix 1.
Holes 438A and 439 were logged and the processed den-
sity and sonic velocity logs included in the Summary
Chart for comparison with laboratory determinations.

Recovery was excellent at this site, and for the most
part the sediments were only moderately disturbed.
Physical property determinations were made on what
appeared to be the least disturbed portions of the cores.
Hence sampling was neither random nor uniform and
tended to favor consolidated or indurated sections.
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Figure 15. Relationship between organic-carbon con-
tent and pyrolysis-fluorescence of core samples from
Sites 438 and 439.

Wet Bulk Density, Water Content, and Porosity

Bulk density (see Site Summary Chart) decreases from
approximately 1.7 Mg/m? at the base of Lithologic Unit
1 (100-110 m). There is some suggestion that this pat-
tern is reversed (i.e., density increases with depth) be-
tween 25 and 50 meters, probably in response to increas-
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ing (with depth) pebble frequency in this interval. The
overall pattern within the upper 100 meters, however,
reflects a general decline in grain size (sand content)
from top to bottom of (lithologic) Unit 1.

From ~100 meters to ~360 meters (Lithologic Sub-
unit 2A) bulk densities remain relatively constant at
~1.35 Mg/M3). (~1.45 Mg/M3 in situ logs) and exhibit
low variability (s = 0.05 Mg/m3). The constancy of
density values across this interval suggests incomplete
compaction, at least within the lower portion of the sec-
tion, and indicates that these deposits are undercon-
solidated.

Below 350 meters, bulk density increases rapidly to
~1.48 Mg/m?® and then more gradually (with some
broad excursions) to ~1.60 Mg/m? at 780 meters.
Lithologic Sub-units 2B (365-593 m) and 2C (593-817
m) are indistinguishable on the basis of density, except
for the fact that Sub-unit 2C contains several limestone
beds with densities ranging from 2.3 to 3.2 Mg/m3. The
base of Unit 2 (780-817 m) exhibits scattered densities
whose lower values (~1.40 Mg/m?) are less than any
samples in Unit 2, except those at the top of 2A
(360-440 m). Comparison with the lithologic section
reveals no apparent change in lithology which might
correspond to these low densities, and they probably
reflect the small-scale faulting which characterizes this
interval.

Between 817 meters and 830 meters there is a marked
increase in density (from ~1.45 mg/m?® to ~1.65
mg/m?3), which is mirrored by a decrease (to ~1.60
Mg/M3) from 830 meters to 855 meters. This density
high marks the top of Lithologic Unit 3 and is apparent-
ly controlled by increased sand content. Widely scat-
tered (1.35 Mgm3, sandy claystone, to 2.7 Mg/m?3,
pumiceous-vitric claystone) density values in the lower
portion (855-970 m) of Unit 3 reflect local variations in
texture and cementation,

Bulk densities increase markedly below 970 meters
(Unit 4) to an average value of 2.15 Mg/m?) appears to
reflect the lithologic inhomogeneity of turbidites and in-
tercalated silty claystones. The in situ density log con-
firms this pattern, at least as far as it extends into Unit 4.

Lithologic Unit 5 can be divided into upper
(993-1050 m) and lower (1050-1097 m) portions on the
basis of physical properties. Bulk densities in the upper
portion are well grouped and increase from ~2.10
Mg/m? to ~2.3 Mg/m3 with depth, even though the
sandstones in this interval are extremely friable. In the
lower portion of Unit 5, the bulk density is more vari-
able, ranging from 2.0 Mg/m3 to 2.5 Mg/m?, with no
apparent depth-density trend. The high-density sections
consist of sandstones which are well-cemented with
calcite. Interbedded with these indurated sections are
friable sands similar to those in the upper portion of the
unit.

Unit 6 contains igneous boulders with densities great-
er than 2.4 Mg/M3, sedimentary (or meta-sedimentary)
clasts with densities of ~2.35 Mg/m?3, and a finer-
grained matrix with a bulk density of ~2.2 Mg/m3.
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There is no apparent increase in bulk density with depth
within this unit.

The boundary between Units 6 and 7 consists of gray
clay with a density of 2.17 Mg/m3. Unit 7 is a claystone
with a bulk density (2.5 Mg/m?) equivalent to some of
the overlying igneous material. We suggest that the high
density is due to post depositional silicification and not
to simple compaction.

The water content at Sites 438 and 439 varies from
about 7 to 65 per cent (wet weight), and porosity values
(excluding limestones) range from 10 to 84 per cent. The
distribution of water content-porosity mirrors the den-
sity distribution, so that high density sections are zones
of low water content and low porosity. As a result, the
discussion concerning, and the implications drawn
from, the density profile apply equally to the distribu-
tion of water-filled voids.

Sonic Velocity

In general, the velocity profile resembles the density
distribution. Velocity highs occur at the surface (~1.63
km/s) and between 30 and 45 meters (~1.66 km/s) in
Lithologic Unit 1 and near the top of Unit 3 (~1.91
km/s, 830-850 m). Low-velocity zones at 15 to 30
meters (1.55 km/s, Unit 1) and 780 to 815 meters
(~1.56 km/s, Unit 2C) confirm the position of low-
density sections and reflect lithologic (Unit 1) or,
perhaps, fracture control (Unit 2C).

Within Units 4 and 5, the sonic velocity increases
almost linearly with depth, but the boundaries between
units are defined by offsets of 0.15 to 0.25 km/s. Unit 4
velocities are highly varible, with most values ranging
between 1.9 and 2.4 km/s. Such variability is not un-
usual in a turbidite sequence. Velocities in the Unit §
sandstones vary from ~2.5 km/s (top) to ~3.3 km/s
(bottom), which may indicate increased induration
toward the base of the interval.

Dacitic and rhyolitic boulders and cobbles in Unit 6
exhibit an average velocity of 4.4 km/s. The velocity in
the conglomeritic matrix between boulders is probably
about 3.0 km/s (based on one laboratory determination
and extrapolation of the velocity log). The overall
velocity of Unit 6 is undetermined.

Unit 7 velocities range from 3.4 to 3.75 km/s. The
high values reflect the cementation of the deposit.

Shear Strength

There appear to be two distinct zones defined by
shear strength at Site 438. The upper zone, which
encompasses most of Lithologic Unit 1, is characterized
by variable but low (<30 kPa) shear strengths. There is
no regular increase in shear strength with depth; rather
the data seem to define a maximum at ~ 30 meters. This
value may reflect the density minimum (increased clay
content) which lies between 25 and 30 meters.

Below 100 meters, shear strengths increase with depth
to maximum values between 80 and 90 kPa. This in-
crease occurs despite the uniform density, water con-
tent, and lithology over this interval.
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Seismic Reflection

Two single-channel and one multichannel seismic
reflection records were made across Sites 438 and 439,
The single-channel instruments recorded coherent re-
flectors up to 0.8 seconds below the sea floor. The
multichannel instrument recorded acoustic basement
about 1.5 seconds below the sea floor, as well as faint
intrabasement reflections, and the record was used prior
to Legs 56 and 57 to select and define site objectives.
The reflection record including Sites 438 and 439 is
shown in Figure 16.

An interpretative sketch of the multichannel seismic
reflection record section (Figure 17) was made by tracing
reflections at the lithologic boundaries assigned from
study of the drill cores. The lithologic unit boundaries
were picked on the Hole 438A velocity log at the veloci-
ty break nearest a unit boundary; the corresponding
seismic horizon was determined using velocity from the
log. Unit 1 is thin, and its seismic character is obscured
by reverberations from just below the sea floor. Sub-
unit 2A is characterized by weak continuous seismic
reflections. Sub-unit 2B has the strongest sequence of
coherent reflections, particularly in the upper part of
the unit. Sub-unit 2C has weaker reflections much like
Sub-unit 2A, but they are broken by small faults. Unit 3
also has strong reflectors, but they return lower fre-
quency components of the seismic signal than Unit 2
reflectors do. The reflections in Unit 3 are broken and
hard to follow, which is possibly as much a function of
depth as it is a greater degree of folding and faulting.
Unit 4 cannot be followed in the seismic record. The
lowest coherent reflection, at the top of the acoustic
basement, has a very low frequency response, and its
highly diffractive character indicates point reflective
sources, probably from small broken areas.

This seismic character is very consistent with the
character of the sonic log. Unit 1 was not logged be-
cause 100 meters of drill stem was required to be in the
drill hole. In Sub-unit 2A the velocity trace was gener-
ally linear with few interruptions, consistent with the
weak reflections. In Sub-unit 2B there are many deflec-
tions with a magnitude of 0.1 km/sec, consistent with
strong reflections, although some of them are noisy. In
Sub-unit 2C the trace is again more uniform, consistent
with weak reflections. Sub-unit 2C and Unit 3 are separ-
ated by a strong inflection (1.8-1.95 km/s) that is re-
flected in all the logs.

The main units defined at Site 438 were traced to Site
439. Two fault zones lie between these sites, and the cor-
relation of reflections across the faults introduces uncer-
tainty in correlation of reflections, especially the lower
ones shown in Figure 17. Three interpreters correlated
the lower reflections slightly differently and disagreed
by one phase on the Sub-unit 2C/Unit 3 boundary.

The velocity analysis developed for Site 438 from the
seismic data was also used for initial depth determina-
tions at Site 439. Prior to drilling, the depth to the
acoustic basement was estimated to be 1100 meters from
the sea floor. Coring established the boundary between
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the 105-meter-thick massive sandstone (Unit 5) and the
48-meter-thick boulder conglomerate (Unit 6) at 1098
meters below the sea floor. This correspondence with
the initial estimate is probably fortuitous rather than
precise, because neither the seismic reflection time inter-
cept along the section nor the velocity analysis could
possibly be determined to better than 15 or 29 meters (V4
wavelength of the dominant recorded frequency) in ter-
rain as deformed as that of this area. Unfortunately, the
velocity change across the Units 5/6 boundary was not
logged because the hole bridged at the top of the con-
glomerate when the drill stem was removed before log-
ging. However, it seems likely that the contact between
a massive sand and a boulder conglomerate would pro-
duce the diffracted acoustic basement signature. Alter-
nately, the unconformable boundary between the con-
glomerate and the silicified claystone could also produce
a diffractive reflection, The laboratory measurements
of physical properties, which extend below the logged
interval, indicate a sharp velocity break at the bottom of
Unit 5 where the sandstone becomes well cemented, and
they suggest a velocity shift at the Unit 5/Unit 6 boun-
dary. However, since the measurements were made
either on boulders or on the matrix of the conglomerate
rather than across a significant part of the unit, the
magnitude of the velocity change is uncertain. From
sparse measurements of the silicified claystone, there is
a lesser shift in velocity across the Unit 6/Unit 7 boun-
dary. Therefore, a correspondence of the acoustic base-
ment and the Unit 5/Unit 6 boundary is favored at Site
439. Whatever its origin, the acoustic basement reflec-
tion probably originates from some change in lithology
or surface morphology associated with the unconformi-
ty. The conglomerate penetrated at this site is probably
of limited areal extent, and the less diffracted, more
continuous stretches of acoustic basement may originate
from other lithologies.

The section at Sites 438 and 439 dips gently seaward
and is broken by high angle faults that occur at 3-km
intervals and dip predominately west. Lower reflectors
on either side of the faults generally have greater dis-
placement than upper reflectors, suggesting faulting
during and since the time represented by the section —
that is, the Miocene. Many large faults have expression
at the sea floor. The vertical displacement is down on
the west, indicating a geometry of regional extension
rather than compression. A conjugate and much less de-
veloped east-dipping fault pattern is recorded best near
Site 438.

The lowest reflectors end or pinch-out one by one
against the acoustic basement (Figures 16 and 17). This
structural relation suggests that the basal part of the
reflective section is older landward and becomes young-
er seaward.

Logging

Hole 438A was logged with the following tools: gam-
ma-sonic, gamma-neutron density, gamma-laterolog,
and high resolution temperature (logs in back pocket).
The sonic and density logs may not be precise enough
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Figure 16. Section of JNOC-1 on deep sea terrace showing location of Sites 438 and 439.

for quantitative interpretation, because aboard the
Challenger the tools must pass down the small-diameter
drill stem rather than through a larger-diameter casing.
As a result, the standard centralizer, excentralizer, and
calipers could not be used, and those modified aboard
the ship were not completely satisfactory. In addition,
the sonic and neutron-density logs were operated be-
yond their normal working ranges. Despite these diffi-
culties, the logs are highly informative and added much
lithologic resolution, even in this hole, which had high
core recovery,

Interpretation of the logs is limited to a qualitative
assessment of log character correlation with lithology.
The following are thus only general observations. Com-
parison of the sonic and neutron density logs with the
physical properties of the sediments is covered in Car-
son and Bruns (this volume).
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The high resolution temperature tool was run last,
after the hole had been filled with mud for 25.75 hours.
Maximum reading thermometers were included on each
previous run, and the chronology of temperature mea-
surements is shown in Table 3.

Precision of the thermometer was 0.5°F. The max-
imum readings of the first three runs were obtained dur-
ing a 1-minute or shorter interval on the bottom. During
the fourth run the thermometer was left on the bottom
for 10 minutes. The calculated gradient of 2.9°C/
100 meters is considered typical of the area off northern
Japan.

The laterolog shows a very homogeneous resistivity
in the section. The small amplitude deviations follow
those of the other logs. In particular the laterolog
recorded sharp peaks at limestone horizons, and it
seems to reflect general changes at lime-rich intervals.
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units as solid lines. Double line is tracing across acoustic basement reflection. Dashed line shows approximate lower

boundary of Unit 1.

TABLE 3
Maximum Reading Thermometer Data

Time
Run  Max. Depth Reached by MRT  (hours since circulation)

Average Temp
(°F)

Hole 438A
1 (BHC) 2437 6 66
2(FDC) 2438 12 14
3 (LL-D) 2425 19% 17
4 (HRT) 2406 25% 79

Hole 439
1 (BHC) 2757 13% T5(74.5,74.5,75.5)
2(FDC) 2614 20 73(72.5,72.5,73.5)
3 (LL-D) 2613 25% 75 (74.5, 74.5,75.5)
4 (HRT) 261318 30% 77 (76.5, 76.5, 78.0)

AUndetermined - could be slightly less.

The record also reflects changes in sand content at the
top and bottom of the hole.

The sonic log correlates well with lithology and with
the velocities derived from seismic measurements. In
many places the log is noisy, which may be caused by
weak signal return and poor centralization. Therefore
quantitative interpretation in these areas is difficult.
However, the noisy sections often correspond to lithol-
ogies with highly variable thin horizons. The log seems
to reflect mainly changes in lithification and cementa-
tion.

The density log has the greatest ‘“character’’ of all
logs and corresponds well with observed changes in li-
thology. It appears more sensitive than other logs to the
subtle changes in this generally massive section.

The gamma-ray log was used on each run to provide
correlation between logs. It has distinctive character and
seems sensitive to lime-rich zones and fluctuations in
sand content. However, the normal polarity of the
gamma-ray log appears to be reversed; limestone and
sandstone (much of it volcanic ash) have relatively high

rather than low gamma values when compared to silt-
stone and claystone.

The logs were correlated with lithologic units ob-
served in drill cores. A brief description of this correla-
tion follows. Because communication between the ship
and the hole was maintained by having about 100 meters
of drill pipe in the hole, the upper unit was logged
through the pipe by the gamma tool. The gamma log of
Lithologic Unit 1 is relatively uniform, with one small
positive deviation at 28 to 32 meters.

Sub-unit 2A is characterized by a smooth trace on all
logs. This trace is punctuated by spikes, all in a positive
direction, that appear to correlate with limestone beds
(especially strong at 65-73, 212, and 280 m). The log
seems consistent with the homogeneous clayey diatom
ooze described in the drill cores.

Sub-unit 2B is separated from Sub-unit 2A by change
in the character of the logs from smooth to variable. In
particular the upper parts of the velocity and density
logs in Sub-unit 2B are highly variable. This variability
correlates well with the alternating indurated and nonin-
durated layers of diatomaceous clay cored here. Some
strong spikes suggest limestones (e.g., at 368 m). Logs
of the lower part of this unit are less variable and noisy.
This character correlates with a zone of more uniform
cementation and/or induration.

Sub-unit 2C is distinguished from Sub-unit 2B by an
increase in the gamma and density values. The velocity
and density traces continue noisy, and large spikes,
characteristic of limestone beds, continue also. The in-
creased number of limestone beds found in cores below
the 700-meter level correspond well to deviations in all
of the logs.

Unit 3 is marked by a shift in all log traces to higher
values at about 820 meters. This shift seems to corre-
spond well with the increased vitric sand content in
cores from that unit.
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Logging at Site 439 was accomplished with the same
suite of tools run at Site 438, In addition to the seismic
reflection and paleontological control, logs provided the
greatest detail for correlation between the two sites.

Temperature. The high resolution temperature tool
was run last, 30 hours after circulation of mud in the
hole, during which time the other logs were run. Table 3
gives measurements with maximum reading thermom-
eters (reading precision 0.5°F) on all tools which were
run to the total depth available at the time. Because of
its light relative weight, the maximum depth of the tem-
perature run could not be accurately determined by
weight loss on touch down. Readings were taken on the
way down. Since the hole deviated more than 10° near
the bottom, the tool was probably in contact with the
side of the hole. Two stationary readings were made §
minutes apart near total depth after the mud had al-
ready been disturbed by the run down the hole.

Gamma-Ray Log. The upper part of this log is of
equivalent character in both holes, and near the Unit 2/
Unit 3 boundary the logs are virtually identical. Spikes
interpreted as limestone beds at Site 438 showed well in
places at 439 and were used for correlation between the
two holes. In Sub-units 2A and 2B the shifts are less
pronounced in 439 than in 438.

Sonic Log. Averaged velocity gradients with depth
below the sea floor are the same in both holes, and the
439 log shows fewer shifts near unit boundaries than
438. The lower part of the trace is noisy in 439, probably
because the tool was inadequately centralized and rough
hole conditions caused the tool to come up the hole in a
jerky manner. A greater burial depth of units in 439 cor-
responds to an increased velocity over equivalent units
in 438. The reflector at the Sub-units 2A/2B boundary,
recognized in Hole 438, is also distinct at 439. The dia-
genetic and compaction changes responsible for the
variability beginning near 350 meters in 438 occur at
about the same level in 439, despite the change in units,

Formation Density Log. Traces from both holes have
similar character, although the one from 439 appears to
have greater sensitivity. The change from a relatively
smooth to a variable trace occurs at 350 meters in both
holes, consistent with the inferred compaction and dia-
genetic changes as a function of depth. Gross changes in
density over tens of meters are recognizable in both
units, and many of the sharp variations are easily corre-
lated between holes.

Laterolog. Traces from both holes are similar, and
correlation is very good below about 500 meters. Above
this zone, some of the features that look similar can be
correlated, but the log lacks the distinctiveness of the
other logs and correlation is less certain,

The correlation of distinctive features between logs
(Figure 18, back pocket) is in Table 4, which illustrates
apparent eastward thickening of the lower Pliocene and
middle Miocene units. This same trend is shown on a
larger scale by the pinching out of reflective section at
the acoustic basement. This apparent change of thick-
ness may be affected by subsurface structure out of the
plane of the seismic record; however, the change (about
1300 m over a distance of 20 km) in the seismic record
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TABLE 4
Points Correlated by Geophysical Logs, Holes 438A and 439

Sub-bottom  Sub-bottom
3

Lithologic Depth Depth Difference a o E
Units Point 438 439 439438  Thickness Thickness
ol 0 0 0 14
”"*‘“;‘“‘ 7 210 284 74 G 82
an
Sub-unit 24 6A 283 348 63 -17(7)  ‘Thicken to East
Pliocene f 163 445 82 1709
Sub-unit 2B
E. Pliocene 3 567 612 45 7 44
L. Miocene 4A 596 633 37 1 Thicken to West
4 622 652 30 5
Sub-unit 2C 3A 659 694 35 5 25
L. Miocene 3 700 721 )| 14 Thicken to West
M. Miocene 2 745 751 13 8
1 821 831 1o 3

seems sufficiently large at least to establish a trend
(Figure 16).

SUMMARY AND CONCLUSIONS

Sites 438 and 439 are on the outer continental slope
of the Tohoku Island arc system, the tectonic province
that includes the Japan Trench. Honza et al. (1977) de-
scribe the Pacific side of the Tohoku arc as a narrow
shelf, a short continental slope, a broad, gently sloping
deep sea terrace, and then a steep trench inner slope.
Sites 438 and 439 are near the outer edge of the deep sea
terrace. In the vicinity of the sites, the terrace is warped
into a broad, faulted arch with a low topographic pro-
file. The crestal axis of the arch is subparallel to the
principal morphology of the shelf. But the reflective se-
quence of beds is relatively little deformed, particularly
when compared with contemporaneous beds on the Sea
of Japan side of the Tohoku arc.

Recent investigations of the Japan Trench area have
been based on a network of single-channel reflection
records and on two multichannel seismic reflection
records (Honza, 1977; Honza et al., 1977; Nasu and Ko-
bayashi, 1980; Ishiwada and Ogawa, 1976). These data
formed the basis for selection of drill sites. A multichan-
nel seismic reflection section across the sites (Figure 16)
transects the arch perpendicular to its strike. The record
illustrates a reflective sequence down to 1.4 seconds,
floored by a strong acoustic basement. There are faint
landward-dipping intrabasement reflections which are
underlain in the eastern part of the record by another
strong diffracting reflective sequence representing the
top of igneous oceanic crust. The reflective sequence is
broken into structural blocks by a series of west-dipping
faults that are locally complemented by conjugate east-
dipping faults with much less displacement. The vertical
offset on the west-dipping faults is down to the west;
this geometry indicates extension. The acoustic base-
ment is a low-frequency diffraction horizon of regional
extent. Some authors have proposed that this acoustic
basement is the top of a Cretaceous section deposited on
a Paleozoic basement that has subsided in the fore-arc
region (Ishiwada and Ogawa, 1976). Other authors have
suggested that the Tohoku arc may have been quiescent



during the Paleogene and that tectonic activity resumed
during the late Oligocene, accompanied by subsidence
of the foot of the continental slope, followed by the rise
of the slope above sea level near the end of the Pliocene
and renewed subsidence during the Pleistocene (Honza
et al., 1977). Alternatively, it has been suggested infor-
mally that acoustic basement is the top of an imbricate
stack in a structural setting similar to that illustrated by
Seely and others (1974). This is thought to be a possibili-
ty because the basement can be traced landward from
the mid-slope terrace above the Japan Trench, a struc-
tural position commonly occupied by the imbricate
stack theoretical models of convergent margins. Fur-
thermore, the progressive seaward pinch-out of strata
above basement indicates a younger basement surface
seaward as predicted by the Seely model. The result of
testing these hypotheses has significant implications for
the dynamics and kinematics of the convergent-margin
tectonic processes. Therefore the principal drilling ob-
jective at Sites 438 and 439 was to sample the acoustic
basement as well as the overlying sediment section to
study the Neogene history of the continental margin.

Three holes were drilled at Site 438 and one at 439;:
the first, Hole 438 (109 m), was aborted because of a
medical emergency; the second, Hole 438A (878 m), was
a pilot hole for a re-entry hole; the third, Hole 438B
(1040 m), a re-entry hole, failed to reach acoustic base-
ment because the hole caved continuously in the lower
part. However, a good set of down-hole logs and good
recovery were achieved. Acoustic basement was reached
at Site 439. The four holes were cored continuously in
overlapping intervals, providing a sample sequence of
the Cretaceous and of the Oligocene to Pleistocene.

The sequence of lithologies encountered at the sites,
rather than any single line of evidence, indicates rapid
subsidence of a continental landmass from a probable
subaerial position in the Oligocene to upper middle
bathyal (500-1500 m) depths at the beginning of the ear-
ly Miocene time and lower bathyal in the early Pliocene.
The sequence is divided into six units.

Unit 7 is below the upper reflector of the acoustic
basement where a hard dark silicified claystone of the
Late Cretaceous was cored. An erosional surface is in-
ferred across the top of the claystone because of a long
hiatus, the rough surface topography indicated in seis-
mic records, and because the claystone is found as clasts
in the overlying conglomerate and breccia. The con-
glomerate and breccia (Unit 6) consist mostly of boul-
ders of porphyritic dacite. The angular shape of some of
the dacite clasts, their large size, and their nearly mono-
lithologic composition indicate a nearby source, either
shallow hypabyssal or volcanic. The fact that it lacks
marine fossils and is underlain by clay that may have
been formed from weathered products may indicate that
the conglomerate was formed subaerially. The 48-
meter-thick conglomerate and breccia are overlain by a
massive 105-meter-thick sandstone of the latest Oligo-
cene (Unit 5), deposited near a surf zone. The rock has
moderate sorting, dominantly medium to fine grain
size, lack of bedding, and a composition of lithic arenite
to lithic wacke. The unit contains numerous megafos-
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sils, including articulated pelecypods (not in growth
position), essentially unbroken gastropods, and upper
bathyal benthic foraminifers. The foraminiferal assem-
blage in the overlying unit (Unit 4) is middle bathyal,
and the lithology changes abruptly to a fine-grained tur-
bidite-claystone sequence of the early early Miocene.
This sequence is in turn overlain by Unit 3, which is the
beginning of the thick hemipelagic sequence deposited
at bathyal depths.

In general, Units 3 through 1 show isolation of the
site from down-slope terrigenous influences in the early
Miocene until the effect of the late Cenozoic glacial
period are sufficiently marked to be recorded.

The sedimentary sequence of Units 2 and 3 is mostly
of hemipelagic origin, remarkably homogeneous in
composition, and lacking significant coarse terrigenous
debris, considering the proximity of this site to a tecton-
ically active island arc. The principal compositional var-
iants are diatoms and clay; secondary variants are ash,
replacement carbonate minerals, and sand. Superim-
posed on the original compositional variation is a se-
quence of diagenetic stages that occur with increasing
depth and age. At 510 meters and 8 m.y. of age, we
reached the onset of lithification. In a gross sense the
sediment ranges normally from soft, through firm, to
hard, but reversals of consolidation occur as silicifica-
tion, and carbonate cementation was enhanced or re-
tarded. This is more apparent in the Formation Density
Log than by visual inspection. The number of observed
ash layers is greatest in strata deposited during the peri-
od between 2 and 4 m.y. and is negligible before 8 m.y.

Erratic pebbles suggest glacial influence at this lati-
tude beginning in the late Pliocene. However, pumice
pebbles are found in most units and may represent ma-
terial floated to the site by oceanic currents. Unit 4
shows characteristics of more frequent density flows.
However, the period of most rapid sedimentation was
probably between 2 and 6 m.y., a period of hemipelagic
deposition; another interval of relatively rapid deposi-
tion occurred between 14 and 16 m.y.

The series of environments interpreted from this lith-
ologic sequence at Sites 438 and 439 begins with an
emergent Oligocene terrain of black silicified Creta-
ceous claystone and dacite (Figure 19). Erosional prod-
ucts, probably first deposited subaerially, were covered
during the late Oligocene by sand transported from a
nearby surf zone into quieter marine waters. Subsidence
continued in the early Miocene, and distance from
sources of terrigenous material increased. The area of
the site subsided to upper middle bathyal depth at the
beginning of the early Miocene, to lower bathyal depth
in the late Miocene time, and was essentially isolated
from coarse-grained terrigenous material until the late
Pliocene. This subsiding section was part of a landmass
that was intruded by dacite east of the modern volcanic
arc. It appears that local remnants of the landmass were
emergent as late as the beginning of the Pliocene.

The location of Site 438 near the confluence of the
warm Kuroshio and cold Oyashio currents has in-
fluenced the lower Miocene to Pleistocene microfossil
assemblages. Diatoms are the most abundant and con-
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Figure 19. Geological cross section across Japan and the Japan Trench continental margin (from Ishiwada and

Ogawa, 1976) along latitude 39°30'N.

sistent group present and provide the most complete zo-
nation. Zonation from microfossils at the sites is excel-
lent in the lower Miocene and above and less precise in
the Oligocene and upper Cretaceous. Diatoms are the
most age-diagnostic group down through the lower
Miocene and then become very scarce or absent. Benthic
foraminifers are generally rare. Benthic foraminiferal
assemblages indicate environments that begin in the up-
per bathyal (150-500 m) in the Oligocene and are upper
middle bathyal to lower bathyal in the early to late Mio-
cene. Planktonic foraminiferal assemblages were recov-
ered in the late Miocene to Pleistocene strata. Environ-
ments favorable to nannofossils occurred occasionally.
Very small forms indicate a stressed environment in the
Oligocene. Many samples are barren of radiolarians,
and reworked Cretaceous forms are found in Oligocene
sandstone from Site 439.

Rates of sediment accumulation are relatively well
controlled over short time intervals by the combined
microfossil data. Two short hiatuses are recognized on
the basis of these data, and at least one occurs at the end
of a period of rapid sedimentation.

A relatively complete suite of organic-geochemical
measurements on gases shows a normal zonation of hy-
drocarbon fractions with depth and age for an environ-
ment with low heat flow. Most gas seems to have
formed in place, and the lack of evidence for gas migra-
tion is consistent with the dense nonpermeable section
drilled. Low values of salinity and interstitial water of
the Oligocene marine sandstone suggests fresh-water
recharge from adjacent emergent areas.

The position of Site 438 is between two fault zones
which appear to have been the greatest cause of fractur-
ing in the lower parts of the holes at this site. A domi-
nant west-dipping fault zone is intersected by a well-de-
veloped east-dipping conjugate zone about 900 m deep,
which resulted in the intense fracturing of Unit 4 (Figure
17). In addition, faulting and sediment deposition must
have been contemporaneous, because the oldest and
lowest horizons are the most strongly deformed. The
zone of deformation seen in seismic records was mani-
fested as many unhealed fractures in the deep rock en-
countered by the drill.
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Dewatering structures give evidence of increasing
stress down-hole. Fractures or veins seem to develop in
massive lithifying claystone and mudstone and act as
conduits for upward escape of overpressured interstitial
water. Under tectonic stress they may develop into slip
planes because of their near-vertical orientation and lu-
brication by pore water.

The correlation of strata between Sites 438 and 439,
which are 6 km apart, was first done by tracing reflec-
tions in the multichannel seismic reflection record, Two
intervening faults introduced uncertainty in correlation
of the lowest reflections, but more detailed correlations
by logs and paleontology after drilling confirmed the
general correctness of the initial seismic interpretation.
Correlation of logs between the sites indicates an ap-
parent seaward thickening of units above Sub-unit 2B
(lower Pliocene). Below Sub-unit 2C (lower upper Mio-
cene) apparent thickening occurs in the opposite direc-
tion, or landward. An even stronger landward increase
in thickness of the pre-middle Miocene section is seen in
the seismic record west of Site 438 along an unconformi-
ty between the basement and the overlying reflective sec-
tion. Thus the fore-arc depocenter seems to have shifted
seaward during the Miocene and Pliocene. The shift was
probably controlled tectonically, and it reveals a time-
transgressive subsidence off northern Japan.

The local chronology at Sites 438 and 439 has impli-
cations for the history of subduction off Japan, which
becomes clearer when the sites are related to the regional
geology. The geology on land, 160 km west of the sites,
is dominated by the Kitakami massif of Paleozoic and
Cretaceous intrusive rocks, which also contains local
remnants of Cretaceous and Paleogene sedimentary
rock. The sedimentary rocks of the seaward flank are
inferred to have extended much farther and now are
represented by a steeply dipping eroded Paleogene se-
quence along the continental shelf (Honza et al., 1977).
They are shown as a layer that continues under the con-
tinental slope and deep sea terrace in a cross section
(Figure 19) constructed by Ishiwada and Ogawa (1976).
The acoustic basement in the JNOC multichannel record
across Sites 438 and 439 is a seaward continuation of the
top of the Cretaceous layer in the cross section.



The significance of finding uppermost Paleogene
rocks on the unconformity at Sites 438 and 439 is that it
supports the implication that the Cretaceous-Tertiary
unconformity on land extends across the continental
shelf and slope at least to the area of the Leg 57 sites and
that it probably corresponds to the acoustic basement
recorded there. The duration of the hiatus is about 40
m.y., indicating a profound unconformity. The section
above the unconformity is apparently transgressive, and
it increases in age toward land as indicated in the seismic
record (Figures 16 and 17). From these data and the
structure in the section of Ishiwada and Ogawa (1976),
an offshore landmass must have existed at the edge of
the present deep sea terrace during the Paleogene, and a
sea must have lain between the landmass and Honshu
Island. We have named this the Oyashio landmass (von
Huene, Nasu, and others, 1978). The landmass subsided
to bathyal depth between the late Oligocene and perhaps
the Pliocene (See Figure 20). The early Miocene transi-
tion from turbiditic to hemipelagic sedimentation is one
indication of subsidence of the nearby part of the off-
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shore landmass in this area. The evidence from Sites 438
and 439 and the seismic data are not sufficient to define
the late Cretaceous and Paleogene edge of the conti-
nent; emergent terrain and Neogene transgression ex-
tended at least to about the top of the present trench
slope. The most unexpected discovery at Site 439 was
the presence of the acidic to intermediate intrusive and
volcanic rocks only 90 km from the Japan Trench,
whereas the presently active volcanic arc is 300 km from
the trench. From this discovery it can be implied that in
the Oligocene volcanism occurred about 200 km farther
east than the present arc.

The development of a fore-arc basin behind a shelf
edge structural high is common along convergent
margins, but here the process of formation differs from
some present-day examples. Typically steady uplift of a
trench slope forms an outer high bounding the fore-arc
basin during subduction episodes. However, the Japan
trench fore-arc basin formed by subsidence of an
emergent terrain during the present episode of subduc-
tion, as indicated by arc volcanism on the island of
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Figure 20. Diagram showing proposed evolution of Japan Trench continental margin from the late Oliogcene to Re-
cent. Note the uplifted Oyashio landmass during the Early Cenozoic (outer arc high?) and its subsequent rapid sub-

sidence.
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Honshu. This subsidence suggests a net loss of material
along the frontal edge of the upper plate rather than
growth by accretion.
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g & = digtonacesus ) mud, sand content decreases downward,
w 3 TOTAL € — ORGANIC C — CARBONATE (%] = S Highly ditturbed faint bedd g e 10 variations in sand
8 BF( = 2,450m (08,06, 21 BF B s content.
"; PF| W 80 PF . dlight increase in
fre lag| 2 <2 CARBONATE BOME 2| oo i Section 3: Ofive gray [5Y 472} ity fsendy [datomaceous)
- FP
2| = 3, 6163cm = 1.6% AG| M . i S rrud oeeasionsl pocknts and fine-geainsd sand,
o i k| ] . Y. i tragments,
i SMEAR SLIDE SUMMARY 3 % = :';:’_‘::'.‘.‘:‘“‘_";:“"’“" Saction 4, 020 om: Dark olive gray [5Y 3/2] sandy mud
= .8 s = . 1 [ ——— Hine-grained tand).
i P g =8 E_ 28 - 2 L] = Igtacial evratics?) ower
£ E = o 2 o 1 om dismatar Section 4, 2060 e Olive gray (5 472) mud (uightly siiry)
i § b 24 2z 4 SE- T AG ftaint], owe fina-graned sand layers
B . £3 $28 E [< 1 em, dark gray black.
PF d g5 i iz i
= bl 61 - o >45 Qg >3 Saction 4, B0-160 cm: Highly deformud mud to tandy, silty
AG 2 3 il 14 191 2860 32 377 i 3 pod of voleanie aih mud [digtomaceous),
’ Sand W a0 % 70 35 E whitet, gray green
sit W W W W W " Section 5, B cm thru CC: Dark olive geay (5Y 3/2) homogen-
“ s W Clay 40 88 20 45 wous I 10 slightly silty mutd, HoS odor, pyrite blebs,
= I Quarte 7 40 " 42 20 E g oczaional sth layers or pockets as indicatad,
% Feldipar 1 15 2 w0 w | o S
: Coarss andy mud, Mics 4 = a = s al*® TOTAL C — ORGANIC € ~ CARBONATE (%)
|_IBM < [AG | geain size ineraase Heary mirarals 8 i om 2w e Pt 2,111 cm (1.5, 1.0, 5}
dowmward, possibly Gy 49 18 E1 0 n o PF < 4,35cm (1.9, 1.1, 7)
drilling inducsdi?) Volcanie glass 18 5 1% 5 E
Cat. unapee. <1 2 - - = AG Ac | a CARBONATE BOMB
Pyrite 1 & - 5 3,3133em = 1. 7%
Faraminifers 1 5 1 mom
Carbonats H = 4 1 =
Distoma o w0 n 15 1 white/fjray
Radiolariam. TR 2 1 2 1 ahpockets  SMEAR SLIDE SUMMARY
Soonge wicules 1 " 2 3 sty sty wh = i
2 faryers. and pockets, %’ ig ; i - om
. gray white ! .z - & 2 Z
g BRIEHEIREE
Information on core description sheets, for ALL sites, represents field notes taken aboard 3 £§ :i- ?_.—é E'! 3 :‘,‘_.5 ié § §
ship under time pressure. Some of this information has been refined in accord with post- | i Eg L5 il FElegs: 3
cruise findings, but production schedules prohibit definitive correlation of these sheets . TR0, MG BB L ) e
with subsequent findings. Thus the reader should be alerted to the occasional ambiguity or £ st M3 A w oo & K
c =
discrepancy. g G Wom 1 omomomowom o8 4
Fediowr 8 30 3 7 3 7 W 3 0 -
& Lo - - «TH ™ - ™ - ™R
BF e Hesymiewrsh 3 W@ 3 8 7 a3 2 2 23 -
PF ciny W ot 4% W W W} W A -
Voleanizglam 5 W 12 E I ] § W 0 B0 96
AG] & laucanise ¥ .= I " - T -
Pyvim 2 E - - - - -
Fergmincdary | T 2 T [T | T, R
Cart. umipec, ] - L] - 1 3 1] -
Dhatams 1% 1° » 10 15 ” 5 15
Ratiolsrws & TA TR 8§ - & 5 &
Wi 2 5 3 2 2 3 2 3 - -
e
LI 1B e -
dealae fi Mg it
I VOID *Volgans rock tragments (51
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SITE 438  HOLE CORE 3 CORED INTERVAL: 14.5-24.0m SITE 438 HOLE CORE_5 CORED INTERVAL: 33.543.0m
- FOSSIL - - FOSSIL
CHARACTER - CHARACTER
5. |= z| @ gl=ile 8. |< z =
-
solEsl la| |o| [E] & | GRAPHIC WzSiE ) LITHOLOGIC DESCRIPTION 2 152lalal l2| |2 ARMIC LITHOLOGIC DESCRIPTION
1z lag|s g = G| @ | LITHOLOGY [Zed o2y 1z "’05 g Z A
7 [on(zlZ 15|12 |8 = = laazs 2 [enlZig(2| (&
= = < e v 4 = |a|Z
= m E z § 2 = et e L N 2 Z| x|
11
1 x4 Section 1: M35 ador on opening — pyritic thraughaut IS_*W*:" 1 thiu 5""‘“':]" 3;:‘0!""\“ “’_“:wa r":";r’ af :‘;:;“
clike griy 1o dark olive gray [5Y 4/2-372). Homogeneous ine- 10 coarse-grained sand with mixture o rou
5 imunt tlighthy ity with pyrite (cistomaeous i parth i O Fethts ot ok T T ot
o y 1 ;ﬂ.ma .ﬂlmm;:[mlfdm? sand pods. i 8H ! ment of valcankc rock., and friabli but indurated sandstone
aam are dark geay aphanitic igraywacke? volcanic?), HMilar in COMPONITION 1o mal
F N
i r Section 2 - Section 3, 73 cm: Faintly beddd, highly deformed E o :‘*"""“;’ bl [::.M:L.'.I-.” racpiste """,;“’";'"“'
: y b wished], well roun LEY gular, mesimum 3 em diam-
ac] mud {silty 10 m At times) pyrite olive gray (BY 4/2) with 3 otr contist of quarts peblies, red jeperaid, pumics !,
pockets of fine grained sand § S i aphanitic dark gray volcanicimudtone?
Section 3, 73-100 em: Dark green-black, thin wand lavers = m’mmd' pe h""" Section 4 thru CC: Fine- to madium-grained muddy, sty
{siry} E i sand; na recognizabile internal structure, ofive gray (BY 4/2)
A “ Moderate to peorly sorted 1o sifty olive black [5Y 2/1) to
medium grained firm sand,
Section 3, 100 cm - Section 4, 10 om: Mud o betare with
uarts silt pockets. 2 TOTAL C — ORGANIC C — CARBONATE (%]
4,50cm (1.1, 1L.1,0)
Section 4, 10 cm - Section 5, 10 em: Homogeneous to faintly 5, 110em (0.9, 0.8, 0)
medtium- 1o tedided misd and silty sandy misd (5Y 4/2) bedding emphasized
z:‘fl'"ﬂ' oy slight increase/decrease i sand content, CARBONATE BOMB
5,63-65cm = 0-1%
Section §, 10 &m - Section 6, 100 em: ofive gray 1o dark olive
oray [5Y 4/2.3/2), silty sandy mud with green-grary {diatom- SMEAR SLIDE SUMMARY
acaou, vitric] fine-grained pockets, pebbies [erratic-Hoatingl
BF of dask gray aphanitic rock, well counded (graywacke or fine- PFl 3,
PF rained volcanic?l up to 1 om dismarer, oocasionally 1.5 em BF . Y= E
3 . =
i Ag g Section B, 110 cm thru CC: Graded to stightly graded olive m RM ig 'ss H
z g § groan gray fine- ta medium-grained sand. z Eg _Ei g;
E = -
5 = o = 2
o % ot TOTAL C - ORGANIC C — CARBONATE (%) E | ﬁ‘g gi E'E
£ sl 518 e 2, Wem (20, & -
w 5 2 g g taxadont e,g. 4, 114 am (2.6, 1.1, 121 w B L 4134 814 gAY
g HEH ARCA) & & B ah Sand w 4
= = ] g CARBONATE BOMB = i - ] Sit 20 30 30
g | 82 2,72.74 cm = 10% [ 3 'E - Clay 40 o 28
= Q = Tene-granned sand 3 E = 4 — Ousrtz 40 a0 5
Layer ~6 em (diatom, g 2 1 Frldsnac w110
quartz, sandy 9l 3 £ 7 wood fragment ~1cm  Mica 5 w0 5
SMEAR SLIDE SUMMARY = - 110  dismeter: gray sphanine  Heavy minerals  — 5 15(H8)
E §, “ +] pebbles 1.5 cm diameter, Clay - TR -
oM Gg i_ g j a8 a & iz rn«n_e‘nt floating in Volanic glass - = _
Ei s bses t i i 4 , Glaucanite o om -
s £ 3 § waod fragment ~1cm  pyrite (] - -
EE g = i- £ ! ] L g diamater; pumice, 2 cm s
fo e ren sh s e e
. . %l .
4 Sana) B/ 15 72 4@ 5 80 S0 FF « Diatoms 15 -
PF st 40 3 00 =0 8 20 30 AF 5 z dark gray sphanitic Radiolarians 7 - 3
Ciay 3 B0 W 1M 80 30 20 pebibl ey 2 TR ™
AG s W 70 4 4 w0 38 15 AM o :'wvve" Seonm i
| - ;.u...n r; _s _s 2: :n {s "W aphanitic pebhis
Hesry missesn B 5 L3 w L ] - 0
oy ™ S 17 TR 40 32 W0
Volcanicglam 7 7 7 - W© 1 60
Glausonite 1t 1 4 - - b2
Pyrime - - = - - TR T d
yellow pumice graing Furamniten 1 - T oW - =
L e - 3 - - - - e
ottt Diseoma 0 FE S 2
raworked volcanic Radeiwries 7 1 & TR 1 3 2 &
AGH Ourifus, colrss Sporgmwicdn 3 3 3 TR 1 1 oocaional drformed black (N1) coarser grained layers
i grained, massive Ooiher nan v lsilty quartzose sands, rich in glauconite) ~8 em thick
; s d -
;é 3 Eg ;i-ﬁifﬁ Ei é ﬂﬂ*‘ pebiliies arw pusmice - 1 om diameter
= |3 = 121
= g 2 Visdd |
5 < NOTE: Core 4, 24.0-335 m: NO RECOVERY. 7 -] VOID NOTE: Core §, 42,0525 m: NO RECOVERY,
M [FMm | CP RM| RPICN cc g
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SITE 438 HOLE CORE 7 CORED INTERVAL: 525620 m SITE 438 HOLE CORE 8 CORED INTERVAL: 620715m

FOSSIL - FOSSIL -
% | |cHARACTER u % |- |_cHARACTER
o |3 8| 2| crarm 5 o[ 8| 2| orarmic |Z5=s
oS e P I @ =@ < z5(8. LITHOLOGIC DESCRIPTION = Eolala 2w C leziz53 LITHOLOGIC DESCRIPTION
™ e z =] o= b z =
1z |53|2|8| || |G| & | uHoloeyERE Ry LZ[=3|2|8] |£| |G| & | umotosy 3;53:
= = =4 a3
58932 12| |3 2 = $833% 12| |32 2
S HEEE A5 = |= [9|3)12|3 =
'\J_"‘ = C 3: bilack basali pebble(?) apnanitic, black o dark geay (also all others i core) [ mm} ol 15Y 452 th .
] ve gray roughout core: homogentous
o g light grary purmice {5 men) L~ dintomacecus Hity mud with some disnupted black
— moderate olive Lrown x » T —_— 051 and wihite ash Layers, rare fine- 1o medium geained
"" 9. - 15 4/4) sandy silt .:“;:;T;uls" i;ﬂ.i'“‘ !lufllﬂ:u“;m"un:::;w:u waned ar §ilt lavers and shursdant rounded, 1 cm dismeter
G 1 BEa~ 3 &t less than 5 cm thick: thrse < 1 e, Voicanic ash beds E: 1 or less, black and white pebibles (Dasabt?, grovwacke,
= in corn; pecasional rounded purnice or dark gray aphanitic tapilti],
Oy ol tesalt pebble (SMM] o aralt?) pebbles § mm or less i slameter, floating bn sity RP| 1.0
a R T E=110]  alive black silty clay clay matsix. TOTAL € — ORGANIC C — CARBONATE %]
B [RM| E=Tiz6 3, B0cm (1.0, 1.0, 0)
TOTAL € — ORGANIC € — CARBONATE (%) b
4,100 e (0.8, 0.9, 0)
] (] basalt 12 i) 2,35em (1.3,12,00
] @, 10em (13, 13,00
§ 4 wolcanic ash 11 em) :‘::,_m T_E:m
2 |l an|  mediuen bluish aray CARBONATE BOME 4 o
H 58 8/11 3,110-112 cm = 0%
§ il 9 Kl . Erpechs m: :: :: SMEAR SLIDE SUMMARY
aywac
g 5 EARIIOE HAMARY in oliva black (5Y 272}
£ 1 misfium sant
e =] o ] 104 11em) 5; graywacke pebbile (2 mm)
i kel Dasalt(?] 12 mm) ii N 53 jg z - 3. E oz
. = B G R HE T bick o packers E% 8 .1 8
. it ash pockets
. 11 10 1026 244 2104 240 black ash pockets §3 SE i
“ (o] Sand W o1 0 15 a0 MW = 5 3 E g
s 5 & © B o0 B @ T 6 a 3
B 19 Gura (I S oF 1425 6121 684 6148
4 Fei m & - H 3
g* Basalt(7) (3 mm) MaT m 3 D om - 1_; L 2 3 e oL
PSP s .
s 0 W a5 TR - 0 &2 &0
o e Womegs = 20 = T oom i Rl oo pocht g::m 0 8 3 10
w : e i S w
& & Ol 4o P e W=, 2. S 3 E Faldsoar : 2 8 2
g g o"' g e 3 5 Py Mica TR TR 2 TR
8 Gn ®» 2 W B RO 2 : ] Heavy minecals 1 — 18 TR
e £ ww TR TR - TR - - o2 d nisck ash pockets
3 £ § o Bepgioim 0 5 5 W - - #l & g 2 3 b 2?3 sg fg sg
= v ; o 2 B Volcanic glass
H £l [o] H & é 2 ] : 8 mm unidantified Glauconite - - - -
% EY o170y hlack pebbile (2 frm] 2 = 1 pebibie Pyrite ] TH - -
) E E o = ﬁ ! % 3. iy pororty Foraminifars = - TR
E ) Carb. umspec. = - - =
2
M o L H ] L) E =) light gray/white Digtama b2 3 - 28
§ o ! !’i l 5 L= ah pockets Radiotarians 1 - - T
H 5 = Sponge wpicuier 3 4 - 4
é o i _E §gf s g! e Ottver - = = -
] o R 2
b 3130 402 53T 3116 6104 73
] o| ¥ Sart 5 £ & 8 0 T el NOTEi
£l v m : \; ’a; :: a g v U= 35 mem pebsbins unidentified
] | Cuaars 2 W 12 &8 1 8 fo] W = 5 mm dismater lapilll & clasts
: | AN T 5 a oot
= ! R R R
] | 116 Yokwicgem TR — 4 5 & 9 o
=] 1 Pyrite ! s o 2% W
n Cllﬁ Forwmenifers  TH  — - 1 = = o
| E Rladicharisrs i?;a =l -rzﬁ i ufe)
1 1 11 em) soft sah £ 3 v s 3 = o
fragments 5
| L o
f |
1 2 om olive black madium:
| sand pockets (~2 em) b 9| prained micscsou,
1 14 3 em) gray petibles (rounded) Quartzon nd
1 volcanic ash bed (344 cm 5Y 3/2) Lo [ Te—.
. 7-28 diatomaceous silty clay
| 3 N3 ash fragment {3 mm) : 48 2‘:.‘9‘::,:".:‘:‘.
| NB pumic fragment (2 mm] i arained
al& laatia L[] o Sections 8|8 |calag !
I 1 i 1

6EF ANV 8Ev SILIS
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SITE 438 HOLE CORE_9 CORED INTERVAL:  71581.0m SITE 438 HOLE CORE 10 CORED INTERVAL: B1.0805m
" FOSSIL N FOSSIL -
e = CHARACTER by 5 = CHARACTER
O |%u 3| 2| orarnic 2355 o |du 3| 2| orarmic [3oE
1z ;% 2 3 2 5 £ | LitvoloGY ;Elg: LITHOLOGIC DESCRIPTION e ;g ] ] 2 E E LITHOLO G Y [22]a% G LITHOLOGIC DESCRIPTION
S HHAEREE ;.231 22 onl2IZ (5[] |B] = s
- < < e e - - == o]
= |= |2(Z]|2]|a o = = |2(2|2]E o3
2 Diark olive gray (5 372) [Section 1) and mostiy olive it %) o ¥ 4721 vty ol —— —
i i 5Y 4720 wilty clay; i
g &a 2 mm black patible gray 15Y 472} silty mud, distomaceous, homogensau, 4 holligfid \ D!b;:n' i" iz P p;;_':;'"‘"""‘"
oceational < 1.5 cm pebibles, well rownded, floating in M four ash lavers oeout in Sections 4, 5, 6; sediment firm
8A o elay matrix, firm sediment. (o2 2 mm black pehble
RH ! o ! et TOTAL € — ORGANIC C — CARBONATE (%)
Bection § extruded on deck; original onder not s e 2,139 en (1.2.12.00
o] preserved, Thran 510 om thick (SY 472} silone beds. v
O TOTAL € ~ ORGANIC C — CARBONATE Pl 2
o 2, 140 em (10, 1.1, 0 54 ke pebibie SMEAR SLIDE SUMMARY
Q CARBONATE BOME o 1 om diomotee - 2
Q 3126178 om = 2% (o) 59 { E; z
2 £ . Jig i3 i is 5; is
= 2 a SMEAR SLIDE SUMMARY 5 v Er s'!?f-; -i' g R
% o M - black graywacke iail cgisisisi
] & BE| . o o] petible 3 cm diameter TS A M T
E icG o Sy N 48 28 0 40 w0 T
g o] s Clay LT ] 5 W0
I L 1 Custs oW 8 0 N w7
& (o] & mm black pebible ] Faiciane 1 8 3 W M - T
= xa & WMxa 1z TA - - ™
g o :’ O Hearvy minaraly ) 0 L] ™
= 0O = o Cloy misersti 5 5 51 - 4 - 3
§ Yokt 1 % - X 0 @ o
& o} 2134 o L imaizal el T e R
i ™ TR
HELHEE o Ba B 3 By = B S oo
2 (=1 Formmnders - e T
w o o gu':u sg Distorn » ¥ 5 &0 TR 1
z F Fladiolas '
8 Ofaf'™® .'Ir:w yag \u Soorpmcam 2 3 2 1 TA -
g v mvmiﬂﬂh TH z v
= = 82 i
ok \‘ Volcanic glass & 8 | = gray (5Y 5/1)
] |G H Pyrite TR 2| valzanic ash
s pp|AM e Diatoms 7 gz |
£ = Iz Sponge spicules 3 « = |
RM Fish remaing. w E|l=
4 ] & ] 4 |
BF =1 -4 -E |
|cG = VoID v 3 .
: b 0.6, saMPLE
. a =
o & dark gray (S¥ 31)
of g = wolcanis ash
o == - dark ath lumps with
% Lol pumice fragments
@ mmedium to dark gray
:(l: 5 : o ] i 5 oy INB-N3] fine wolcanic
o 1.5 em graywacke pebbie o ah
(o]
[o}
hited 2 enm pumice fragment
BF| X 58771 and Y 3/1
RP| qraded (iandy 1o silty)
volcanic ash
& .
= voID v
7 3
B [Relagl [ fo)
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SITE 438 HOLE CORE 11 CORED INTERVAL: 90.5.100.0m SITE 438 HOLE CORE 12 CORED INTERVAL: 100.0-109.5 m
FOSSIL a7 FOSSIL Y
% |~ | cHARACTER =, 5 = [LcHARACTER
o, 2. 8| 2| crarnic [Ex3 o, | al 2 R H
AR EREE: EHEEEN LITHOLOGIC DESCRIPTION s1E2lalg] |2l |2] E GRAPHIC logiz5lo ) LITHOLOGIC DESCRIPTION
wg wol| = g - o] ; 5‘;!5: ‘LZ wol = g ol & | LTHOLOGY 5032
s [enN 2218l |4 caxs 22 ongIZ 5|2 |E| = HEEER
- < < | = | s == o | ==
= = [2|2|2|5 = |= |9|212|E e
Dark alive gray (5Y 3/2) nandy mud V Dark olive gray (5Y 3/2). distomaceous slty misd; <5 mem
with sandy, ash beds (10-50 em) . Section 1, ls] ounded pumice pebbles (position in core disgramatic): Firss
thise seetions entirely homogenised liguilied by drillin.
Diark olive gray (5 3/2) sandy mud i dominant with some muddy BF = Section 4 theu CC: Mud becomes vary stiff, relatively
fine sand and tandy ach beds, Sectiont 2 and 3. lam 1 o] wndefarmed, Dlive gray [5Y 4/2) silty, diatomatecus mud,
= K"} o recognizable ath @ in previous cones, oocasional rounded
Dark u_ﬁvl wray (5Y 372} and olive gray, diatomaceous sandy mud pumice Tragmants
ey Gl o TOTAL € — DRGANIC C — CARBONATE (%)
. . J o 4,36em (1.1,1.2,00
Ofbve gray (Y 4/2) musive 35lt with & few pumice granubes o SMEAR SLIDE SUMMARY
(67 m], Section 6. v =
a2 o H EE .E 2
TOTAL C ~ ORGANIC C — CARBONATE i%) - = = 3
2,83cm (1.4, 1.3,00 0 £ iz i-
&, 13cm (1.0, 0.8, 2) 2 o 55z £: 8 E%
(o} T §§ £ &
CARBONATE BOMS - BE 2 8% 4=z
126 3, 6067 am = 12% 4 437 450 4100 510 581
- Sand 10 20 ) 10
SMEAR SLIDE SUMMARY VOID v Silt @ 0 20 80
] Clay 62 60 70 10
BF| Cuartz. n _ & o 35
@ Felbitspar -3 5 -] 16 40
RP| = Mica 1 =2 1 - 3
B0 - = a BF Hawvy minarals TR 2 2 2 5
e g e = RP] 3 Clay 4“4 E 50 4B 7
5 B ,‘.’ Volcanc gles & 2 2 a
3 Glauconit 1 § - -
z =z g Pyrite 1 N = 1 ™"
3 8% & k] Carly. urspec, - = - - -
H Foaminfies  — 2 %, = .
2 242 2926 610 = atorms 0 20 4
B Sand 16 4 30 E £ Radiolarians 1 TR & -
e 3 Sit ET R ] 5 s Sporgespicules 3 100 5 2 3
= = Clay 54 56 ] “ E ‘ Silicotagetlaes TR - - lamind -
=1 Cuasrtz B ] 5 2 sanges, in place up Lo
= Feldspar 3 3 5 BF F 3mm in size, silicoous
B E 3 Mea ™ - - g 4 white ta yellow, cylin-
= Heavy mineraly 1 2 - M ::u".‘.".:m dark, gryritic
% Clay minerals 40 48 50
& Volcanicglass 4 [ 8
E Glauconite - 2 - G
e Pyrite - 7 -
Zeoltemin, TR - -
ik 2 em edlameter rounded
Foraminifers - = TR pumice clast (abundant
Diatoms ko n 30 biatite) floating in clay
Reoleriens. = = 2 BF| :
Sponge ioicules 4 - 2 feldbpathic silt,
AP B |[CG|AG| & placin
NOTE:
W = rounded white, pumice clast
§ = graywacks 3 mm dismeter granule, rounded
0
BA
RP|
BF
AR B |CM Aﬂ

€9
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SITE 438 HOLE A CORE 1 CORED INTERVAL: 0.04.0m SITE 438 HOLE a CORE 2 CORED INTERVAL: 23.0325m
< ARt £ x cHARACTER E
S | | cHARACTER z sl g Iz z| W Y%y
° & alz=la = Q| = | GraPHMI ZXI5
== 2l lal o] |2] E | SRAPHIC lodlzse | LITHOLOGIC DESCRIPTION g =1 P Y 2| E | i rorpeykEz2E, LITHOLOGIC DESCRIPTION
e HE E G| & |LtHoloeYizEzn 2 LZ|a5|2|e 5| & 2|20 53
$o[0R12(215|8] || 2 cize eNEz|g1g| | S
= |= [9|2|2|2 a5 = |= [2|2]|d|3 o
& ] 30 em b
a‘a"g:"um‘" Preominantly dark olive gray (Y 3/2) upper part 1o olive Pi 3 12emb Oiive gray (BY 420, cark alive gray (5Y 3/2) and olive
grav vitric, distomaceous silt with a few sandy silt and sandy BF 9 | 16 473} silty clay, distomacecus snd vitric silty clay with
w 0.5 5Y 372 silty sand clay layers 5 nated; several rounded pebibles (<& mm diam. 05 06emé :': ity sands and sandy siits; occassonad 110 5 om thick aih
E 5- E 1 N witrie, distomaceous eter) of pumice and “graywacke™. Section 1 pebbles: gray ele 1 15Y 472y e fusually light grav) and rounded pebibdes of graywacke
2 %S vap i wacke <0.8 cm diametar, pumice <0.3 cm diamater. 1Bemb {ap ta 2 om diameter] and pumice (light geay 1o green, 1o 7
B 2 } @ 1 § gy 1.0- 10emd om dizenater], usually flosting in chiy mateix; sands and sty
2l o k o TOTAL C - ORGANIC € — CARBONATE %) e 23emé typically thin and structureless, but one thick graded wnit
Ak £ S 1. 80 em (0.8, 0.5, 2) 1Bemb  duk ‘oceurs in Section 5
* H e 2,20em (0.7, 0.6, 1) olive
w s . SMEAR SLIDE SUMMARY r&fml ;O;I';:. C‘—;:?A;:VCC ~ CARBONATE (%)
g E blsck sand pockst, : . 22em [1.0,0.2,
= = - fine grained 3 4, 78em (1.9, 1.1, 8}
2 = &9, Pumiceous lty %
H sand, light gray s 5 CARBONATE BOME
BF = : § L = 2 1,5557 cm - 1.2%
PF = R R «| [E ~15emb
lcG|rmicm fca L?C = £ i £ SMEAR SUIDE SUAIMARY
53 531 5% 'E
144 1933 282 olive gray (5 472) 3 a5 =
Sand 5 5w mp| = E §& §2 |8 i; 8
g': ': ?g 7: 6G 471 ash pocket A1 3 i I
<A A ki 5431 Enhinlinn
Feldspar - 1 m ity cloy 19 28 2124 486 518 6112 188
alive (5Y £/3) p— 2 W P 0 W W W0
M = ; : 3 s 2 30 40 40 w0 M\ W
Heary minarals 1 - 1 W Oy ™ 60 40 80 % B W
Clay mineraly @ & 1w W % Doty ®» ® 3 W 5 W N
Valcanic glass 20 15 8 2 E :w- 1T - 1 - wmow s
Glaueanite - TR - = s - ' 3 p L T
; @ Hraer i sy — N U N S
Pyt : - 5 b 5 12cmp ounded [ERa— 0 W - W - % 4
Zeolite minerals  ~ - - g Voleanic i W W B W OB W W
Forgminifers 5 L] 2 = Glaucanine - - TR - ™ &
Ditoms. 23 Fel 18 w Pyrite T ™ s ? - = =
Racholatias T ™ = & PF 12emé Zoalite mines als = 5o e
Seangs spicules 2 I a = al 2 s W ow s ®m - wow
Palagonite ™ = cgcm g 4 ot P R -
Cthar = - - . Soongs spsculer 2 1 m o1 - ™o
26emé Paingonits = m - . .
Gan Meotowily lesie] - - - - m -
NOTE: < =lemy Siwotiguiam - - - ™
S = Graywacks 4 mm diameter pebbile, rounded — | BY 3”2
V' = Rounded, white, pumice clat, 4 mm diamater NOTE:
&= grain or clat dze diameter
= = disrupted ash layer
afive gray (6Y 42) * = ipolnted pocket of wnd or silt
5
&Y 32
Temd
25emé
BY 312 coarse silty sand
sl & olive black (5Y 2.5/1)
] send with gray pumics
5 pebble
§ E alive gray [5Y 4/2) sty elay
o
T § dack sandy wlt
<HENEE
7em 8 pumice-tuff
9 RN FP 1M Aem bt
7
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SITE 438 HOLE A CORE_3 CORED INTERVAL: 325420m SITE 438 HOLE CORE_ 4 CORED INTERVAL: 42.0515m
FOSSIL N FOSSIL N
5 |- | cHamacTer wl o |= |cHaRACTER
8. = AN TR - o, | 3| £ crarmic
bl =1 P 2 2| g :'n.os:\r “__‘8.. LITHOLOGIC DESCRIPTION g = £ 8] sty LITHOLOGIC DESCRIPTION
z 1] = | UTH a e Z lmp|=|0 i T
=23153|3|2 || 2 = 2508 FEIENEE 2| =
=TISNE|Zi815] |2 1275|218 15] |*
SEHHEE = = |2]2]2]5
Dark olive gray t olive gray (5Y 3/2 10 5Y 4/2) silty diato Dark ol.s gray (5¥ 322 silty clay {quis tzose snd
maceous clay and clayey vt (some wandy intervale), glaucon. ehaconitic in part) and wome vitric distom oore,
ithe and vitric in part, Some green gray (5G 4/1) ash layers BY 17 glauconite Graen gray ash layers (mostly st sized) end commaon
and numercus pumice pebbiles in lower part of corm, Pebbles quasftose vty clay wounded, small pebbles laverage 0.4 en 8 of gray
1 are mastly rounded and up 1o 5 em in dumetes; one grivel 1 - 0.3 ¢ pumice pumice, green gray tuff, and black,, fine-grained
5Y 37 Iayer occurs in Section 4, Although pebbles may be ice-rifted i @ s-f S M “graywaocke®, No sedimentary structirey [o.g. graling)
o Hanters, some transtart by “vurtedity® currents or in mud- 105 R or bicturbiaton (motting] nated. Fairy homogesous.
twrbiidites is postible, Thicker, coarse-grained wnd-4ired ash w o k & 06 b graywacka, hisck
Loy le.g. Section 21 may also be redepoited slthough no 4 e TOTAL C — DRGANIC C — CARBONATE %)
e g weirh oted in this core. o = 0.3 6 purmes 2,02 cm (0.8, 0.8, 0)
=l 1=-= & % i 4.2am (1.0, 1,0,00
TOTAL C — ORGANIC C - CARBONATE (%] w [y SY 32 vitric
3,92 cm (0.9,0.8, 11 w o dintom oors CARBONATE BOMB
&, 4 cm (1.9, 0.0,00 o S 3 N2 cm - 1-2%
2 & 2 B T8
CARBONATE BOME = i ] SMEAR SLIDE SUMMARY
3,6870em ~ 1-2% ] i
:‘L:: o - o 1 N 5Y 201 silvire 4 R
5Y 37 SMEAR SLIOE SUMMARY Jor fh 0.8 cm with pockets 4 }s a 5 !g
s . | = jg i EE riid
wnd sre - ‘3 -
g 3 o = 0.3 om 6 black = g i
i 1s s; 51 - - waw sfids 2z df &
13 ey W
5 R = 1108 270 3196 433 5102 698
Sv 4257 372 &'g 5 i 2 ;E_ B = way sh pocket - 0o 18 5 te
sty clay 'fi { 3 15 7 Y 372 quartzow s 50 30 30 &0 50
3 2908 3100 443 548 5100 746 3 — iy chiy Ciay @ W W 6 s 40
Sanc WoW s § 40 2::- 3; ?: i; ﬁ :: 3:
= EgEin: pamE =L i3ii3an
Gusnz @ W oW oW 2 & - v m:n‘m-!.u": oo A T . s N
i - R g iatam ity Cley minarsh 40 10 N: kL] 3: ::
[ro ) & - - 3 5G 4/1 silusize 5: - I’n w T
ded gray Vagwy minersly 2 2 3 1 ™AW iex
v 05 cm 6, iy mimarats W o3 . 3@ & 15end == = =
Acmé2Teme Vialeanic plaas M o 1 W e 38 = = SO
dayey silt - w0 w1 - 1 ¥ % BN
3 Pyrine oo N T e A ®? 5 W oW oW
s 4 Zeatits manara - - - - m 4 black graywacks Faoheion  — TH. TR, & MM
§ Foramaniters = = a 0Bemé Speege et 3 - 2 31 1 'a
) Diasamy B w7 % TR 8 = Pt ™ = SN
< mREY T ML S5 5 5 ]
. Sporge Y 1 1 1 2 - - 4
Pusgonre AU 0. 6. SAMPLE jog
Mannod J M = = = = = .
-5 3INSY 4R POl I ;
egriie) fod
w § = sadimenmary clast -
4 W = pumice or twff pebble w B
] 4 = dismeter of pebble Z 3
s oAt <} -~
biack graywackn clayey,
G 5 sty sand B ; e
b SGY 41 = 1 102! el
a =] ow
= 0Semé & =l la i pumice 0.2:1.5 cm 6
w 0.30.7 em 4 pumice g
§ gravel (clay matrix) E] L]
g
e 5
brawn purmice 1.5 em & £ < black 0.1 em & 5Y¥ 372 glaucanitic
o clayey siit and
= clayey silt
BF| 5Y 3/2, pebble: altersd .
) & 6 s, gy,  m 6 P b pumi 07 i
b, 5G4 PF| o B8 angular 3 cm &
white pumice 1 m 6 BF| = dark gewanish gray
arered volcanic tubf ’ [5G 411, clay it
oy, dem b AGIAP |AG|CM Bleck graywecke 0.3 cm &
B |RP [FP [FM
B [RP|FP|FM cC|

6£v ANV 8EF SHLIS
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SITE_ 438 HOLE A CORE COR ALt Y
FEEET ED INTERVAL: 51.559.0m SITE 438  HOLE A CORE_6 CORED INTERVAL:  106.5-116.0 m
x FOSsIL
CHARACTER
8 1= 7|1 u * |- | cHaracTER wl
el =l lal |o |8] & [ SRAPHIC & ordu 3| 2| crarmi iy
1z |52|218| |2| |G| & |imorosy Ou LITHOLOGIC DESCRIPTION zlzlalel 2| [ & APHIC logiz3i2 ) LITHOLOGIC DESCRIPTION
$3lon|2|2|5|2 o = o% .‘.'.§ IR z G| & | vHoloGY Exonay
;;Eggg 4 =3 59“553&‘ ul = E§5§
- < s
= = |= |R|Zz|3|a q55
o Daark alive gray (5 3/2) olive gray (5Y 4/2) and dark gray
le) 5Y 32 15Y 411} distomacects claystore, distom goza [predominant], CHive gray [BY 421 ta olive 157 473}, homogerwous,
0.7 & black and clayey diatom care. A 7 em grown black b layer (ult fitm clayey diatom oare, with cocasional thin ath
1 (o] & arnwncke seredd glass) and peveral <1 emblack, rounded “graywacke” layers of gray geeen o blukth gray
o peblies uet in clay-sized matrix. The first concretionary o
AG o rochilar mortytone occurs in the Core-Catcher. Most of the B4 ;D;snl. € - ORGANIC C - CARBONATE (%)
A coce & homogenesus, No burraw mattling ne ather sed: . 3Bem (1.3,13,0
o mentary struttures weee noted, 4,95 cm (0.8, 0.8, 01
1 > TOTAL C ~ ORGANIC C ~ CARBONATE {%) CARBONATE BOMB
3. ::acmn.s.m,xu 3, 115117 em = 0%
- 16 em (3.3, 1.2, 18)
: VOoID W AR ATE B SMEAR SLIDE SUMMARY
2 - 3,127128 em = 12% = .
fad 74| 2.1 om thick, silt- 5 55 52 g
SMEAR SLIDE sized gresnish hlack - =
ol SUMMARY 156 2111 EE sg i i; g
" HEH B
2 - E w 180 274 387 Al s
Z g, . § £ 3 Sarnd 5 15 0 2 12
o HE 2 E Bz = st ® M M0 8 M
: HE i LB 2 s, §AER:
4 i w i T L) 3 )
& Elg 23 48 41 W Feidipar 5 1B 3 &8 4
o alE 3 e A Al B = ?.l m hick, vary Mics - = = =
=2 it ained dark Hawy Ml 2 s TR L 1
§ E § failtaiznd) Sand [ 5 3R = reenish gray (5G 4/1) Clay mivwraly 46 - B4 6 48
a pocket white ash Silt 70 30 30 g B 0.5 cm thick medium Vleanie gl £y & 1™ F
0.3 cm éblack rounded  Clay 0 45 B5 E 'g 9’-'5 lnluli; gray 158 5/1) ﬁl‘w\lh W A -
" wery finegrained vie i V2
s aywacke :?u-ru 10 2 10 2 5 3.1 A5 e, possibly graded, Zeoiite mewrah — - - -
b 13 10 5 = 56 51 35ilt 10 very fine Forsminitery = & - =
Mica = = 1 g == it Dimern 7 0 TR @
BY 42 Huawy minerals 2 - & ] 21 2 cm 5B 5/ claysized "ﬂlﬂ'-mm = - - = =
Clay mines g 5 - - Soonpe W 2 1 a 3
Vonkgme 98 3 % E sY 43 Sicolagetiows TR - — .
Pt ] Palagors ™m -
a4 5 oIS = 1 & & em thick, 5B 5/
ki - £ o very fine mh pocker,
Zoolite minerals — - - g gray 75YR 50)
Foraminifers - =
Diatoms TH B0 30 =1
Aadiolasian - ™
Sponge wicules  — 1 3
sY 4/ Augite - TH - BF) i
5 Horrbiende - TH =
MIAG
Y 372 indurated
maly “concretion” of
B | B |AG|CG| (includes spangs spicules,
cC racliciariant, deatom)
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SITE 438 HOLE A CORE 7 CORED INTERVAL: 11601255 m SITE 438 HOLEA CORE 8 CORED INTERVAL: 1255135.0m
FOSSIL FOSSIL
=
G |- | cHARACTER - % | | cHaRracTER z
o |3u 8| 2| crapmic |2 o |3 8| 2| orarmic |izls
“lmzlnlg]| 2| [F] & es12a8.) LITHOLOGIC DESCRIPTION el Elalal |2f [E] & APHIC logizola LITHOLOGIC DESCRIPTION
LZ|5|2|8| [E]| |G| & |umHooeyzaiznay 1Z(=3|2|8| [£]| |G| & |uHotoeYERinas
w
A HHBEREE =ate SR HH P S
= b el = B2
- = 2 z = 3 Bl Snd = = 9 ; 2 = b ]
3! o VI 1] svan
Homogensous olive gray {5Y 472) and dark olive gray | Dhive gray {5Y 4/2) clayey distom ooze changng 10 diatome
| {6 3/2) distomacoous clay.snd distom. cace. A few ‘ ceous clay down core, Several gray, thin volcanic aih layers
| BY 472 fine- 1o cosrse-grained ash layars in bottom part of | e s rrveddium grain sardd sized, Smplt (genevaliy <2 mm
v dhatomaceos core. No structures apparent. | dtiamater ] white sponge remains (spicube concentrazions with
1 day 1 central chamber filled with pyrite] ocout fiest in this con snd
TOTAL € - DRGANIC C — CARBONATE (%] becom sbundant. One pumice pebbin nated in clayey distom
2.90em (1.1, 1.0, 1) coze |05 cm diamater) core homogeneous — no bioturba-
4,55cm (0.8, 0.8, 0} tion or ather structures.,
v
CARBONATE BOME TOTAL C — ORGANIC € — CARBONATE (%)
3, 108110 cm = 1-7% 4,42 em (10,09, 1]
6,7em (10,08, 1)
SMEAR SLIDE SUMMARY |
v i CARBONATE BOMB
2 T 2 [ L 3,23260m - 23%
R 80
", 35 ] | SMEAR SLIDE SUMMARY
8 a .
2 2 3 E"" 1 [
25 zz i | -
a8 83 ot PP b sl 3
v -
@ 5Y 32 320 451 47 580 %5 %5 %5 83 fz if is
w datom Sang 0 0 25 a 23 < B3 § 3 3 B2
g oare St ® 2 B ow | A A Esr Al s
d 5’,,':’,,4 3 sg ‘g ag [ IO 280 39T 40 B G TN
] 3 Feldsoar 3 2 7 4 1 Sara oW s 8w 8
%| & Mica a &Y i I s WIS W0 M e e
g % g Heawy minesals TR 5 TR 7 2 =g | 25vmm G A R
= g g n small piece of beige Ly . W 4o 21 2 | Imestiian green Felehman 4 3 B 7T 3 4 1
3| £| = bans materis ;:’“’"" glas = 2B/ H [ 'E = wnd) ath Mics = S om -
g = § sean o g W m =2 o § E I Mesyminesis 1 TA TR 1 TR & TR
o i 5 = . =3 = Cluy morsenty 7 s B W0 B 41 1
% : Zoolite minersls = - 2 * g § = W Volcanis ylisl - 1 3 om 2 on -
£ bi x a 1 g Glaacinnte = = .=
HElE e % ¥ S ARRHHE |
sl 18 5Y 25/1 {sandsize) e 1 A Y w %5 E Zeotie miners - E
2 i k. = -4 2 itars. - W MW = = ™
% 4 Y 701 (very finegrained m""‘ = = &= 5 E 4 | e Cratoma s o0 MW 2 2 W N
8 wilt) Epiioe 7 = - : % | wray [2.5Y N6} Httaions T .
g Hematite - - TH § | E=ioa “"J‘“I vt ion A A S AL B
r 3 Hamat1e - - ™ - - - -
5 o 11 Carhonate unapes - ™
o o NOTE:
i hewe fe] = yilicsous spangs remaing - <2 mm diameter
PF 5 1257 N4j (o]
CG lsand-size) |
BF| RM FM(AG) -
wery dark gray
Lt o l 17| @sym
: 1
a0
BF| |
e |
PF |
CG{RM| 7 »n
RM|FM|AG] |
CC y o Cors

6EV ANV 8t¥ SALIS
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SITE 438 HOLE A CORE 9 CORED INTERVAL: 135.0-1445m SITE 438 HOLE A CORE 10 CORED INTERVAL: 144.5.154.0 m
—

FOSSIL o FOSSIL B
= |- | cHaracTER 5 sl = = CHARACTER | -
O, |2 = Z I o, H ]
=Z[22lala] e O & [ GRAPHIC logizsie LITHOLOGIC DESCRIPTION =fjEwl lal |o| |2] & | GRAPHIC logiz5i3 LITHOLOGIC DESCRIPTION
1z [Z212|0 G| § | vrHoloGY Zalenos 1z |031218 H 5| & | uTHoLOGY [ZRjun o
2 oNZ1Z|8lE] |5] % ERREEE 29N 212 ]8(E| (2] % e
= |z |8l5|2]= b vt ) _;5¢¢¢ ] =t
ik wlZlxld CIEE - elzl=|a Qv S
H T , ) BY 4R )
w Duask olive gray to olive gray (BY 3/24.2) homogeneoun Olive gray (6Y 4/2) homogeneous clayey distom ooz,
g 1 r distom paze and distomacesus clay, spicules of sponges & & tew smal siliceoiss spxmges b befare, very minar ash
= RF| 05 |2 wery comman (8:12% in smear slides] ane pumice frsgment #nd pumice content.
& Ll 3 o, T presnt
o BF - : TOTAL €~ ORGANIC C ~ CARBONATE 1%
& FiRM AG CC| = 0 SMEAR SLIDE SUMMARY 4, 8cm 109,08 1)
& i 5,71 em (1.3, 0.8, 3)
B
'E = & B CARBONATE BOME
Fa E- 3, 9406 em - 1-2%
5 o3 E 3.127128em = 0-1%
= '3 'y =
2 EE 38 3 SMEAR SLIDE SUMMARY
& L] &
E 170 €C0 cCg
Sand 4 4 2
2 sit 0 16 § § E §
E Clay E] B2 B2 é = Tz §_ s
Chiartz 2 2 1 2 % 8 r§
-1 Feldipar a 3 2 5 s & 3
Mica TR - - - 58 58 o § o §
Heavy minarals 2 1 - = 254 387 464 5B
Clay mirerals £ 50 55 o Sanid 5 %8 aw m
Valcanic glas 3 - 3 - Silt % 27 ] @7
b : 2 - K- - B thack (25Y N2 5| Clay 0 s 8 45
Pyrite ™ 2 2 [ 2 = msh pocket? Quartz 7 1 5 ™
Zeallte minarals. - = = ] - Fridspar 7 - 5 -
Foraminifers - - - 2 i = Mica 2 L < ™
Distoms 2 28 = £ . Heavy mingssls TR 1 ™R TR
Radiolsrians. - ": ‘: ; = = Clay minorals 51 43 a5 3\
Spangn spiculis 12 n i AL Voleanic glast 3 E] 5 ?
Silicoflagellates - R - = - ] Glauconite - " TH i
= E] = Pyritn - 4 - 2
< - Zeolite minerals TR TH? = -
g - wmall puimice Faraminifers - - TR -
£ . Iragments Diatorms 30 45 0 i3
5 7 Radiclarians - = i
g = Soonge micules 2 3 0 4
Zl MNOTE:
= # = sifiesous sponge remain
% 4
3
PF
AM
BF)

6ty ANV 8¢y STLIS
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SITE 438 HOLE A CORE 11 CORED INTERVAL: 154.0-163.5m SITE 438  HOLE A CORE 12 CORED INTERVAL: 1635-173.0m
FOSSIL = FOSSIL =
5 |~ | cHaracrer o & |~ |_cHARACTER
Or 3w 8| 2| orarmic |5 O lauw 3| 2| oraruic |3e5e
T ; ;g E 3 ﬂzn E E LITHOLO GY : 312': LITHOLOGIC DESCRIPTION “I z ;E g 3 % - E LITHOLOGY :ug: LITHOLOGIC DESCRIPTION
o z I+ EL0nl " z 2 ==X 0a
2 [eMZ 12 18]E] (4] = cEEz 2on2lE(5]E| (4] 2 raass
= = |o|=]|=]|2 b ket - |= |o|Zl2|z o bt ]
wlZ x| w|Z|eio
T
v 42 E ol sY4n
Homogeneous olive gray {57 4/2] dyey datom oore. Elr | Homogeneous, clayey diatom oare olive gray (5Y 4/21,
‘v Rare ath pockets and one ath bed (frey to dark gray), £ls | A b spcnge remaing snd one dark dray sih pocket
wery ghass 1ich. Very lintie detrital input to ooze in this w 3 E ‘E 8 v
: core, No sedimentany structures obsarvesd, Some sponges pri = P | - TOTAL € — ORGANIC G — CARBONATE (%)
a5 i deveral peevious coces 8 § -3 ~; 2,38 cm (0.9, 09, 0]
2 -] =
= :
TOTAL € — ORGANIC C — CARBONATE (%) & 3 an | SMEAR SLIDE SUMMARY
152 cm (1.4, 1.0, 3) b g E s
2,82em [1.2,1.0,2) & a3 i | g
4,52 cm (0.9, 0.8, 1) 7 ] ] &
= i 1 2
CARBONATE BOME b vel |3 fa 1
3.6587 cm ~ 4.5% z BF b H
1 very dark - CGlrplem 1
2| iy ok sy SMEAR SLIDE SUMMARY | ‘\Mi 1 b
~ 3 st pockets S o0
| Clay 65
] s St :
= 2 = Feldspar 7
= Tz Wm oy Mica
2 2 = Hoavy minesals 3
- g g I3 § = Clay minerals i< ]
=] o cf 3% Voleanie glass 3
= Glauconine )
= 178 342 342 Purite ¥
-3 Sand 18 17 13 Zeolite minarsly -
3 ] Foraminifers 1
FE Silt 1w 51 T Driptoms 40
2" - Clay 53 k- 15 Fadiolarians -
Y = Ouartz 1 - 3 7
ui § Feldipas - = 2 E
g g E Mica - -
pr} = g = Heavy minassls TR 1
s Sl El e Clay mirmtals Ll 2 B
= iR & = tight gray Volcanic gless = 3 85
& 4|F [2.6Y N6) Glauconite - &
e 8 450m mh Pyrite - 2 -
= a Zeollw minerals — - =
;l E Foraminiles - - -
g [ s Distoms 55 57 -
B Radialarianm ™ 2 -
E o Sponge wcules 3 7 —
= Apatite ™ - -
E SAicoflagellates ™o -
&
NOTE:
’. silicecus spongs
5
L] .
& 0.04 cm & pumice fragment
ash pocket
PF
BF
ICGloMicM nﬁ
7
|cC

6EF ANV 8ty SHLIS
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SITE 438 HOLE A CORE 13 CORED INTERVAL: 173.0-1825m SITE 438 HOLE A CORE 14 CORED INTERVAL: 18251920 m
FOSSIL i FOSSIL =
G |- | CHARACTER | sl=d, G |- | CHARACTER | i
0|2 &l = Zia]= o < w g =
o |mw ol = GRAPHIC [y1|z%o LITHOLOGIC DESCRIPTION o |ew 0| = GRAPHIC =) ESCRIPTION
1z |521218| [2]| |5| & |urHoloey -;@;s 1z (2228 8] |5| £ |umworoorBRES LITHOLOGIC DI
W z =] = wo ==
Rl E E S I = oNElzl8|E] (W) F SheazE
S ENHEEE 2 = = |8]3|2|3 SEEEE
5Y a7
BY 47
Olive gray (5 4121 clayey diztom oz, homogeneous: ‘ Ofive grry 15 472, homogeneous no viiibile
* sovoral pusmice petibles fup 1o 1.0 em dismeter]. Three structures of burrowing] diatomaceous clay and
titinct ash Layers Bandssized, pumice £ich], maximum 05 em b Clayoy diatam oote bearing spanges [iliceaus.
3.9 em thick, gray 1o dark gray. Sponge remaing prosent angular pumice IQI | ol o levw mnguibar pumice fragmens (< 1.0
! thegughout core. em ciameter]. Six individual ash beds {ailr 1o
wancl-ize oraing} i o 5 om thick.
TOTAL € ~ ORGANIC € — CARBONATE (%}
2,81tm (1.4, 1.0, 4) TOTAL C - ORGANIC C - CARBONATE (%]
4,58cm (1.0, 1.0, 1)
CARBONATE BOMB 5Y 8/130cm
2,110:112 cm = 1.2% 5Y 841 1.2em CARBONATE BOMB
w 75Y NB 3,7278em = 23%
SMEAR SLIDE SUMMARY z talty asn)
3] SMEAR SLIDE SUMMARY
: 2 04cm b
= 5 pumice
= E a
H @ £ E = H E
3 2 28YN25 S #. S5 & 110 om 6 subanguiar g £
o 2 firw- b mndiumm: ‘g- 3 g S & pumice & -8
2 2| |2 grained sand sized E os5 & 1.0 em ash (i) 58 1%
b sl 2,57 B 2.3 om ash g g8 g5
= HEE Imestium-grained sand} 79 329 ass = #:
a | - £ gl 25Y N3 (medium: 1o =
ale 21 =@ coarse grained sami) Sand e a0 0 293 347
2 S st w3l 8 Sand w5
o E Qay 6 35 &0 ] st n 2
g e 3 Duarn 5 TR 5 8 Ciay 2 55
3 Feldar 7 3 7 3 Qe 2 7
- Mica 2 - = ‘v, i B Faldsiar 1 10
Heavy mincrals  — - 3 =a {silt) Mica
Cay minerals 44 4 . L. g Heavy minessly 3
Volcanbe glmss. - o 2 ~ = Clay minarals A8 26
Glautanite ™ - TR b Votcanic glass 3
Pyrite P - - A0 em ash Glavconite - 1
Zeclite minerals — - - Z5Y N4 fuilt) Pyrite a c
Forpminiters ™ - - Zeolite mineraly -
% Diatoms ® TR 4D 2 dinet <1 ey ah Nayars Foraminiters - ™
Radrolariens  — N BY 711 top finegraoed sy Diatams 26 45
Sponge spicules 7 - 7 2.5Y Nd mediumgrained silt  Radiolartans 2 -
Palaganite - 3 ™ Spange wpicules 11 5
w 2.5Y NB (yiltaanu)? Siicoftmelloes 1 -
witnc
NOTE: 5
# = monge remain - 8
E 39 om wh, 257 NB i
Fresdiism-geained sand a
[FM TN |ANY @«
W
g
BF|
FMIRM| FGlag bone fragmant

6tY ANV 88y SHLIS
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SITE HOLE A  CORE 15 CORED INTERVAL: 192.0-2015m SITE 438 HOLE A CORE 17 CORED : 211.0-2206m
[ FOssIL 5 - FOSSIL =
CHARACTER - CHARACTER
8. |< 8| £ | crarmic [Ef=E 8, |3 8| 2| crarmic |oilz=a
= e 0| = =1 ] b (Ew ol =
1z [52l2(8] (2] |E| § | Holocy[EEation LITHOLOGIC DESCRIPTION 1z 52)2|8] |2] |5| £ | urmowocv[EE & LITHOLOGIC DESCRIPTION
22 |on|g|Z|w]|R w| = EEEEED 3 lonl<|Z|w|8 wl = o
- b 5 el5 w .’_’i £ |= = z 2 5 w o ._z_
- |= |0 |z = = |a < =
= w|Z|x=|o = - |z |8 i Sa|
w g P _i 5Y 372
5 T 1 '_u?"-'ul" = Clayey distom oaze (8 4/2) hamogeneous, Wongs bearing Dark alive gray to ollve gray (5¥ 372.5Y 4/2) clavey
g g‘ ] -+ _\,_.4_ - | o + diatom oore with olive 1o olive gray (5Y 4.2 or
2 | |pE w|Z 05— N 05 .:'. slighitly Highter} menties, siighthy moro carbonate rich
2 (2 fdvpsl [ e lo | TS e e
E BF AM ] = S L] = ! = v Several gray ash beds liit4ioe] wp to 3 om thick,
= cG| H 1.0 = 10 shuirtant sponge ramains (4} and ane aodulse o
g ¥ ™ X ‘* slitasn {00l concretionary laves {Section 2) more carbonate-nch
3 ] £ = 2 N freguiar) 1. i HELL Ofive (8 4/2) mottes mora narne-
s ] § b : i rich, arbonate-tiel {Section 2, 24 am),
1 ES § ‘+ 4| sY4R TOTAL € — ORGANIC € — CARBONATE (%)
3 W 2 > 2,76cm i0.9,1.0.00
- o E =]
] 2 g 4 CARBONATE BOME
= b= P 2 ' 3,6386 cm - 4%
: 2016211, g
SITE 438 VID:.;S;I\‘ CORE_ 16 CORED INTERVAL 211.0m g SMEAR SLIDE SUMMARY o 2
= = B L E z
CHARACTER e,
o L | 1
O lauw 8| 2| orarmic |5l 3! h (very line graioed il 2z ‘if g
== EZ|wlu] |2 |Z| & 25|52/0u LITHOLOGIC DESCRIPTION possibly graded E i 5 4
Lz(5312(8| 2| |t 5 LITHOLO GY [EZIE 2 gi LI si
Onfd w w Se|= a8 E
2127812l 2|z [ FRREEE v (25 Nat sit I
T 2EREE : 3% 33 i3
pE dark gray [2.5Y NT) ath
- [+] 5Y 472 M 3 grading into green |5 4/2) 174 241 224 3N
| fo] * Ofive gray (5 £/2) dlayey diatom oore, hamagenedus matiling at 1op and bottem  gang 25 30 17 39
] BR occasional spange remains ( 41, a five pumice pebbies BF Silt s W W D
0.5 & H (maximum diametes 1.2 em) and several gray volcanic CGIRM|CG [AG Clay a0 50 63 a0
\ = ) ash harirens Imaximum 3 om thick ). Quartz 5 & 1 B
] ] Felddspar 0 5 2 5
10 TOTAL € — ORGANIC € — CARBONATE (%) Miea i < - =
4 5,62¢em (1.1,08,3) Hoavy minerals 3 2 - 8
5. Clay minaeals 0 n 4 3
: CARBONATE BOMB Voleanie glass ] 5 2
3,2123em = 12% Glaiconite 1 1 - -
B = = - 8
= SMEAR SLIDE SUMMARY Zoolite minerals  — - -
] Faramintiers - - - -
B Diiatoems 0 50 % it
H 3 £ E Radiolarians - 4= " 2
] i 8 s Spanga wicules 1 5 7 8
= -] ar a_ 3. = Carbonate inspec, - - 0 1
= = 8 =] g
] pumice, maximum »= = = =
TE e BRI I ¢ i e
£ N o 1 g:_a:}- Irreguiar conerstions o,
§ B 228 3145 442 588 same color as reat of unit - CalOg rich
w . Sand 2% W 30 2 rolatively.
E E 3 St 15 40 22 25
14 = | -1 Clay B0 80 48 B0
< ? ] - Quarz 7 a 2 2
-+ 5 3 = 0.7 em pumice Feldepa 0 5 2 2
@ P B Mies - - - -
H B Heawy minerals 3 3 I
§ - Clay minerals 27 - 7w
] Valcanic glass 5 8 - ™
= | P 25Y NIt Smstomiie = s =
b ! i panice (k) e m‘l:r mineraly : N - -
3 2] 2sym2s s Forsminifers - - - T
gz & ol Digtoms 5 4 s 3
— | Radiotarians - - = o
4l 3 e Spongespicules 3 - ] 7
] . Mannatossils {eale) — - - 10
. l
BY 6/2 color motthi
sbove 2.5 N8 [silt]
BF) mh
F”'""‘c"" AG b: 711 ash {finegrained
sift) pumiceous
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438 HOLE A CORE 18 CORED INTERVAL: 2205-230.0 m

cL

ITE SITE 438 HOLE A CORE 19 CORED INTERVAL: 230.0-2385m
FOSSIL FOSSIL
S = [LcHARACTER 5 |~ |cHARACTER
o, |2 g 1 GRAPHIC 0w :m E & GRAPHIC
&t few ol & THOLOGIC DESCRIPTION B =1 THOLOGIC DESCRIPTION
LZ[23[2|8| |£] (G| & |umotoey H Lz [-3|2|8| [g| |G| & |umorooy MIHOLOGIC:DESE
S =
sT[oNZIZIgIE| |9 % 7 (ONIZIZ(8[E| (5] *
= = (2|22 = |= |9|2|2|3
Y412 . . N BY 42
Oy oy 15Y 4/2), homogeneous distemececs Firm, alive gray (57 4/2), generally homogeneous distoma:
‘ dlay bearing smafl siliceous sponges | ’r and @ * cwous clay, sbundant spicules throughout (s well
0.5 few ath layers (up 1o 10 om thick). Clay mineral £ spange L 1IR f lightes alive
5 . cunient seems to be icreasiog relative to previou i 5% 5/2) in some portions. A few 0.2 cm 10 0.3 om dismerer
few cares; sandy at base. pumice fragments. Several volcanic b horieons up 1o 4 om
thick
AM| lD—‘ TOTAL C - ORGANIC C — CARBONATE (%)
= 4, 73em (11,10, %) TOTAL C - ORGANIC C — CARBONATE %)
3,65cm (0.7,0.7, 0
SMEAR SLIDE SUMMARY 5,63 cm (0.8, 0.8, 00
2.5Y NB mh
= fsiit) & CARBONATE BOMB
= £s 3,3032cm - 1.2%
F -+ 8 iz 03 em & pumice,
2 —] 59 5 2 oocmionsl BY 52
o + iz i g i ottie: -3 e s SMEAR SLIDE SUMMARY
g § - T 0.2 cm @ pumice "
g 3 B 178 230 asa ! E
o =g - Sand 15 3 gl
= § *r ] Sit n B2 P ER T g 38
i 5 o Clay 55 4 an = ege3 8- ¥F £F
= “ 5 | Quarte 2 4 1 B §& !! iiis
& - Feldsoar & 6 3 2 e sEif2zz: !;; i
H v Mica - - TH pumice fragmants - bl
] = Moswy miskiti 4 5 b [ 182 286 296 3903 457 5103 645
L T | Gt 4 2 . 2 B OE pieeta AT
] Volcanic glass & m 6 ]
34 Glavcanite = 1 - £ 2 G fine grsined ah Coay w @ W N s 6 %
B l Pyrite P ™" 2 5 o :.\n-u B8 8 n @ 7T 85 B
= Zoalite minerals — =/ = - 8 rnlm:mﬂn " Kb s 4 & 7 8 3 4
- E Foraminilers - z E - T 4 2 31 T TR
B Dt " = 18 w s Hitswy mirdray. 1 L] ] ™ -
+ o i 2 : 3 g < Caymaerali 48 45 & 3 47 51 w0
10] s it 10 E 2 <} s Volcwscgls 1 3 64 88 12 TH 3
1 1 madium gray (7.5Y N&| Sdicafiageliatey, 4 2 = ? Glasgonir - - = 1 -
= = tsiitfsand] ash = Pyritn - - 2 - TR T -
] = S Zeoliseminessh — - - = = - =
g Foraminken - - - - - -
FM m § iz W B 2 s B oM B
At
ar 4 1 B light olive (5% 4/2 or 52| color tand 4 Sw;.‘::ulll |; |: - : ': " |:
A B et dhark gray (7.5Y N3} fine grained st fash) 0.2 cm é pumice Swcollagellatn 3 = - P
&
RMIFM(AG (ot
5
firm spiculitic
diatom clay
&
8F !
MIFMCG |A cc)
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438 HOLE A CORE_20 CORED INTERVAL: 23952490 m SITE 438 HOLE A CORE 21 CORED INTERVAL:  249.0-2585m
FOSSIL - = FOSSIL -
CHARACTER - - CHARACTER =
< 3l 2 z=s 8. |2 Bl 2| orarmic [ 2325
cwl | S| % | GRAPHIC lozizhie | LITHOLOGIC DESCRIPTION wl|xs a| (BB Zl8, LITHOLOGIC DESCRIPTION
“3|2(8| |£| |G| & |umnoroeyERGes 1z |53(2|8)| |3| |G| & |utHoloey Zaenae
= = w
onlz|Z|5|2| |2| = ERREEE £ oMz |2 gzl (% 2 Galz3]
= |6|2|2|2 = e = |= |o|2|213 SeteEN
R BY 412 == =T
i = E==
T~ :'":‘""' 15\'::1] ;';:;;"“;m"”:a'wm' =g —3.1 very fine-grained Firm, olive gray (5 4/2) distomacesus clay (bordering on
T * i Iome miotthng el cexciion SEml. S0 Jponge - | b [uilty) NG larav)  clayey distom oore), fairly homogeneous, some matilimg
054 1 56 -u.n.n.l,m.:m whnkmqukurl[em.l_hn: ::-:::;‘L“ 05—f ™~ ‘ motes 5Y 53 (lighter olive — 5Y 5/3), same glass and Tw ash beds failt-
i ] £YEA s:"; i Boiizons [ppay, weey Tine-geainad, i o I “Temd sized, masimum thickness & cm), and a few ionges s
49 mottles b -~ weull 4 substantial picule coment,
e |
=3 ~
11 TOTAL £~ GROANIC C — CARBOMATE {X) = S | TOTAL € — ORGANIC € - CARBONATE (%)
4 2,80 cm (0.8, 0.8, 0) e : 2 Gem 10.7,0.2,00
™~ CARBONATE 8OMB J =
: CARBONATE BOMB.
e 3,6062 cm ~ 12% | 3,5658cm = 01%
[t e d
'E SMEAR SLIDE SUMMARY SMEAR SLIDE SUMMARY
&8 - - -
] 2 ¥ E
E 2 3 E E E 3 oy N .2% e
- 05 cm & pumice i & 3§ P | z ’g F
& 3 N very fine. £ Es £B B EF o f283 3
9 & NS grained aih iy Ep § 2§ i3 giécEaceg £2 38
e w 83 &1 &% &9 &3 S5 5553533 ik
& g 156 285 368 370 443 2S48 =8% >
ﬁ e Sand 13 10 n 10 a - -1 148 281 389 472 5126 684
¢ L Sy 23 oo\ W0 ar = =] Sand 2 13 N M on 8
3 Clay 84 8 6 80 54 - 3 T 50 28 M 3 22 3
Ouarts & 5 6 & a £ - Clay 0 s 60 531 62 58
[ 3 2 2 1 3 o - Cuartz 4 8 7 B & [
3 Mica ™ TH TR TR TR ﬁ B Feldipar 3 2 2 1 2 2
Henvy minarals 1 1 TR 1 2 i . Mica - TR TR TR - TR
Clayminersls 5 54 60 & B0 . £ - Heavyminerslh 3 TR 1 - - 2
Volcanic glas & 3 2 3 w0 u = N Claymimerali 8 656 65 51 51 51
Glausanite - - - = - ] =1 - Volcacghais 78 2 4 G 3 15
Pyrite - - 1™ 2 2 3 ito - = = = -
Zoolite minerals — - - - - = Pyrite - TR TR TR TR 1
Foraminifens = - - - - = v . TRl = A = = i =
5Y 5/3 mottled Distoms n M 1 W W i 3 Foraminiless - - - -
layer witric distoma- Radiolarians 1 1 TR 1 - = = Diiatomna 3 @ 2% 3 19 ]
- esous clay Sponge spicules B 8 B 6 5 g - Rudiolwios = 1 2 TR 1 T
o Silicoflagelates 1 2 1 - - - Spongesgules — 5 4 4 17 3
4 ] 4 Sitieoflagellates — - - - 2 1
BF ]
PF -
F My ]
]
RM|CM|AG cel -
5
spiculine
diatomaceous
day
E ash with vitric
& = dintomaceous clay
abave
BF = possible tracture {dipping ~807 |
AP
PF 7 - 0.3 cm dpumice
B | B |cmice
ccl
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SITE 438 HOLE A CORE 22 CORED INTERVAL: 258.5:268.0m SITE 438 Ho:;ss?l. CORE 24 CORED INTERVAL: 277.5287.0m
FOSSIL >
=
5 |- |cHaracter i ul, i 5 |z CHARACTER | | §%E
= H 25 - O| = | GRAPHIC |o9/3%5
Sxlaul |, Qf & | GRAPHIC gizalp | LITHOLOGIC DESCRIPTION To15zlwlel 2] |E| & | LrHoLosy B2le2i0x LITHOLOGIC DESCRIPTION
1z 7512 g 2| |G| & | vtHoloGY E=ieE 2e LZ|a8i2i8| (2] |G| & v 22050
2 o~212(5[2] 5] = Sleoes £7[ON5z 8|5 (% A
¢ (o T z = =
S s 2 ; : g B 50 - = 1013123 :.m.d.n
o sy 42 | Brag Firm, alive gray (5Y 421 clayey distom oore becoming
5 Firm, olive gray (5 4/2) distomacecus claystone changing ‘ mare diatom-rich mr;iun; mm':hua‘ in part; ru::arom
= o clayey diatom ooze down core. Abundant wonge spicules | ¥ 72 T —_— ash layers up to 6 cm iment rich in specubes but no
ared sparnge shaletons | §], One punice fragment and no ash, e n!-nhln.:cltr:ﬂ"" ¥ individusl sponges noted,
: i bl £ Sadimunt e homagensat. 1 | TOTAL € — ORGANIC € — CARBONATE (%]
2,120 ¢m (0.6, 0.7, 0)
E TOTAL € — ORGANIC C — CARBONATE %) (B == vary fine ash 4,46 cm (1.5, 0.9, 5}
w 1,4B.cm (25,07, 14) sittfclay)
8 : £ formias 200 g cagamnare sowe
g § CARBONATE BOME I o Bvery live Sa00Y e nm SLIDE SUMMARY
b= 1] 3,30-32 cm « 12% |
Fy v
w
g SMEAR SLIDE SUMMARY | ’ mr-ma:l::a:tlr 5 ; »
< Lg| St cament 5 g 5‘
2 . 3B 2 [|#] g emineconcreion E HR LR R R
B it
EE | SE i gﬂg ] gi
04 em pumic g 2 - 1127 286 387 491 571 685
Tragenan I3 'g - 1M1 w0 oA 15 8
5Y 52 monle : & = | St 8 % U T EL
R 46 52 86 47 49
v 18 27 2 el & [ il 1 s 8 &5 8 1
3 v o Ly = by anfiaes Feddipar 5 3 11 X e
o gr:' g? ;g kc AL | o - i TR ;n TR TR
81 BlcMAg Quartz . 7 I 4o ) Heary minerals 3 TR - R 1 &
- lec| Feldspar 2 4 w 3| | ME very fine ash E;LT-:';:‘.‘. & Bl w4
Mica 1 1 & = 87 ite = e
Heary mineat = 3 g ¥ = pei S I ETyE=
iy mineraly = e R R s
Veleanit glass 3 E] Jle 3 E ‘:u'_‘- | Zeclinviowrss = = b=
Slabaifie - L | Z Sl o | oy W @ on B s 2
i T w ol sg=o Radiolrisns  — 1 - TROTR -
Zhekiin il - z ] Spange spicules — 5 7 18 7 1
:':m?"" 1 s 3 Silicoflagellates ~ [ I
Radiolarians - 1 58 8/1 msh
spicules 5 n falie-siza)
Silicoflsgellates TR 3 P i
datom oore
SITE 438 HOLE A CORE 23  CORED INTERVAL: 268.02776m =
FOSsIL L §
5 |- |cHaracTER = Yl -0.6.
o w =
o law I O] = | GRAPHIC 2 LITHOLOGIC DESCRIPTION e
1z [Zl218| |2| |G| & |urHotosy[ERlenS |
w313213|2 (. |8| |8] 2 522 .
= SN=1Z(2]E] |« Sesal k!
L - E Z|x|D W s :
i Firm, ofive gray (BY 4/2§, homogeneous distomaceous clay. X1
% TOTAL € — ORGANIC € — CARBONATE D) K
H] 1,71 em (06,07, 00 4
] s 80 -
g =13 SMEAR SLIDE SUMMARY .
3 5 ]
a -
& “ BF =
g a CG & 3
=1 |ef iz PF =
R :
8 [cMjaG ek ol I
Sand 1
S
Clay a0
Ousriz (]
Faldma 1
Mica L
Heavy minersls ™
Clay minerals 60
Vaoleanie glass 3
Glaucanite -
Pyrite ™
Zeolite mineraky
Faraminifers

Diatorms z
Aadioleiany 1
Spange spicules 5
Silicoflagetiates 1
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438 HOLE A CORE 25 CORED INTERVAL: 287.0-2965m SITE 438 HOLE A CORE 26 CORED INTERVAL:  296.5-306.0 m

SL

FOS5IL o FOSSIL -
- = CHARACTER | b - = CHARACTER | e o
o, w z| a w ziem =
e |ew Q| = GRAPHIC [u= o w Q| = GRAFPHIC z50
- w w =1 W | LITHOLOGIC DESCRIPTION = @ =| W LITHOLOGIC DESCRIPTION
1z [R21218] (2| |5| & |vHoLoGYEE 1z [52|2(8] 2] |5| & |umoroevERE e
S FEF I : £2o~2Z]a]2] || % cx23l
- - a|qg|2 = = s a e e |
s o= |21z(2]|5 o) - = [2|Z|Z]|a 5 [nand |
o = =
8 ol e ] | ::;‘: :;":,‘a (Blll;\;z:vn.g:‘“x?:‘u::;mm; g:!;r;‘hhlmdanl sponge fragments, 82150 om
Sl aie.ced |
ol . alen.|
[ Lo nim g
:E":v.‘_‘_,.“: | 7 3 mam pumice n
1 R e o B & 1 1
BY 4/2 firm distom coze 1.0
tare pumice pebbles
Jmm pumice
SY 472 tirm " )
dhaton oo Light grary IN71 sili-sized ssh.
BEAH T B Oive gray (B 4/2) firm dias  Ash body 1 em | ., Soction 2, 134 em
clayey digtom ooze ':
5Y 472 clayey §¥ 472 firm clayey distom ooze 2 O TOTAL €~ ORGANIC C — CARBONATE %)
diatam oore i i — 2,27 em (0.5, 0.6, 01
occat — 4, M0em 122,07, 12)
=3 CARBONATE BOME
3 3,3637 om - 16.5%
BY 472 firm clayey
diatom ooxe - SMEAR SLIDE SUMMARY
SMEAR SLIDE SUMMARY = i 35
= N7 very firm 2 E
= o [} ._2': =3 57 E é
: s sy 331 3 i 138133
‘S‘ B Bz w
@ g g : § = FERRH
z 5 j E‘ggg §a§3§§ g <= R s 4 & 4§k
8 < o 2488 = E ? o o 171 241 357 457 569 673
= = |9 1-79 279 335 473 580 6110 = i 3 B Sand B % 2w/ M 12N
~ ? 5 412 clayey Send 6 23 18 27 28 2 = “ Sa 4 a7 s 45 37 40
= = distom ore St 45 47 71 46 45 3 1] Clay - A TR < HT I
w P Clay % 30 M o2 74 g 3 Quartr 5 8 4 8 6 5
: s - I i | LIS B
b 1 o .
BY 4/2 diatom Mica = = R e - 4 a7 Hewwy minerals TR = = = 1 1
naze Heavy minerals — 1 1 TH 1 TR 4 — Claymineralk 21 14 19 18 B0 a7
Clay miraraiz 18 339 ;? }Sﬁ 15 4 1 WVolcanic ™M 72 TR 3 ! 2
Volcanic glass TR 1 - =3 Glauconite - - = = = =
Glaucanite - - TR - - - = Pyrite - = = = = TR
Preite an I = o~ ™ R Zeoftaminerals = 2 = = = =
Zeolite minerals —  — - - 4 Forantinifert = = = - - -
Foraminitars - T - = = = - Diatoms 61 1 65 62 3B 3
BY 4/2 firm diatom Distoms 62 3 TR 6 6 37 Racdicdarain e = 4 & v 4
oare Raiclarian 5 2 - a2 2 Sponge wpicules 8 — T8 = 5
black stained spat Sponge tpicules. 7 8 - a & 3 Palaganite - ¥ = = = =
Shicoflagallatss — - TR - 1 1 Siicoflageliates — - - - - 1
L]
diatom coe 5
Olive gray (5 4/2) firm clayoy distom ooze. Black stain, Section 5, 58 cm; hlack.
stained near-vertical Iracture, Section B, 140 cm 1o Section 6, 110 em.
5Y 4/2 firm clayey
o clayey distom oote — biogenic
clom shell fragment - 1 em fragmants, no structure or bioturbation
ot
- 3
- wponge fragments TOTAL C — ORGANIC C — CARBONATE [%) &
3 : 2.38cm 0.7, 07,0
PE = diyey distom oo 5, 132 em (0.8, 0.8, 0)
M ]
o ] CARBONATE BOME Oiive gray (Y 4/2) fiom diatom oaze,
3, 1316 em =01% NOTE:
BY 4/2 firm clayey distom ooze BF 7 .- = "
FMCM |AM
MIAG =
koo :E =1
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SITE 438 HOLE A CORE 27 CORED INTERVAL: 306.0315.5m SITE 438 HOLE A CORE 28 CORED INTERVAL: 315.5-326.0 m
FOSSIL FOSSIL I8
5 |- | cHaracter % |- | cHaracTER ul=,
o2, 3| 2| crarmic Oy %, 3| 2| orarnic |55
L ok (il THOLOGIC Dl RIPTION - w rt LITHOLOGIC DESCRIPTION
1z [52|218| 2] |5| & | umwooey HMOLoo oS 1Z [53|2[8]| || |5| & |uHooGyzalan S
oM 2 IglEl (& = 2o~ 2l3(5(8] |%] = =
= |z Ed < i 4|a|2 e
z |= |o[Z|2|3 == (8]z|2|E “l
Olive gray (6 4/2) firm hamogeneous distom oaze. Abundant spange fragments thraugh: Olive gray (5 4/2] tirm clayey distomacecus ooze, containing a few iponge fragments.
out. Smooth round 3 mm black aphanitic pebdde, Section 1, 72 em.
TOTAL C — ORGANIC C — CARBONATE %)
TOTAL C — ORGANIC C - CARBONATE (%) 2,80cm (0.6, 0.8, 0)
2,48 em (0.7,0.7,0) i 4,85 cm (0,5, 0.7, 0}
1 4, 56 em (0.7, 0.8, 0)
CARBONATE BOME
;‘;g_ﬂ‘g:"ﬁ?! 3, 10:12em=12%
SMEAR SLIDE SUMMARY
3
Duive gray (57 4/2] fiom homogeneous clayey diatom core, Abundant sponge fragmanty =
Pogns 2 BE
§ 2 = 'é
£ I B,
% 5| |2 n ii584%
. 271 548 572
o Sana 7912 10
Sitt 15 30 20
Clay 68 58 70
Ouartz & w0 3
Feidspar 7 6 &
o Mica = g =
Hewvy minerals 5 5 3

- Clay mineraly. 0 7 N2

= Volcanic glass 5 5 &

§ gweonllo TR - -
= rite - -

2 3 3 z:ul.m minersh - - —
= 2 Duark gray (N3] fine- 1o medium-grained clayey ash, H - - =
=} § i B 35 45

2 Radiolarians Seriban
g 2|2 SMEAR SLIDE SUMMARY g a ., 3 S 7
z g ) = ? Shcoflegeliates TR - =
] P Olive gray [5Y 4/2) firm E § E P NOTE:
= ogeneous clayey = i = ® - wponge fragments
o ntom ooze, Atundant E (=]
- 10008 I E = Dark gray {N3) disturbed clavey sift-sizod ash.
top fifth and bottom & B g -] i
4 o ek i 180 260 342 645 4
dinmeter, Section Sand I S
: =1 47 15 30 S0
em, Clay 75 &8 6 &b Oliwe grav (6 472} firm clavey distomaceow ooz,
Ouartz 4 3 2 &
:;ch.w ‘F::I 5 2 3 Light gray [N7) clayey fine-grained ah, darker st base,
Heavy minerals  — 5 3 3
Clayminerals 16 31 33 =
Velcanic glas 1 3 50 B4
Glauconim - TR - TR 49|
Pyrite ' = = =
Zeolite minerals — - TR - T
5 7 e o e e % Olive iatomaceous
oray (BY 4/2) fm clayey di ooz, contmning abundant spongs
E !; 15 _'.II nﬁ fragments. Dlive (5Y 4/3) mottles and strasks (sample Section 5, 48 cm)
= w & 2 -
3 - % - -
b o
] NOTE:
# = ponge fragments
] Light gray (N7} slightly graded ash, darker at bass, ‘l.gm' disturbed, with light olive &
. 110 Bi4) ealeareaus sediment for 1 om above snd batow.
B ¥ 4721 i ;
" 7 g Diliwe gray 1.5 72} fiem homogeneous cliyey distom oore, Alumdant sponge fragments BF ki) 7
RP| B [cmjam] IW\" l

LE¥)

CC
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438 HOLE A CORE_ 29 CORED INTERVAL: 326.0-334.56m SITE 438 HOLE A CORE_ 30 CORED INTERVAL: 3345344.0m

LL

5
= FOSSIL s @ FOSSIL e
CHARACTER - RACTER
8. [< 8| 2| orarmic L3 8. |3 T & 2| crar
w
==l5zlalg] |2] [F] & B oy BafzlE. LITHOLOGIC DESCRIPTION 24 - PR ol & APHIC LITHOLOGIC DESCRIPTION
LZw0lZ|2 - G| & | MITHOLOGY [Zeloty LZ|a5|2|2 5| & | utHoloGY
2 |omja @ I =3 “Slom| < wl =
E SV =|Z|alk w D TE = NZIZ |8 -
= da|la|Z i ="z ] <
E o 2 zZ|Z|8 S - - 2 4 g [=}
=T —
oM | Othve ¥ 4121 tiem fad |
Olive gray (5 4/2) firm homageneous clayey diatom 0oz, ADUrdant ipangs fragments B = ve gray (57 1 firm fairly homogeneaus clayey
throughaut. Indistinet very dark gray {5Y 3/1) mottle at Section 1, 82 om; palo olive :v'_\‘ = it aose cantainiag 2 mm sponge {uumnn
05 6 6/3) mottle st Section 3, 18 em; light olive gray (5Y B/2) motikes a1 Section 5, 0.5 Pale olive [5Y B}.’.{:Mkl: of diatomaceous calca
10-20 e, Black grganic matter at Section 2, 125 em. - m},ﬁ'ﬁ ;lﬂ;:;v;}c;h zlglt‘ﬁl;r;.:;
3 TOTAL C - ORGANIC C — CARBONATE (%) ¥ 1 Section 5. Olive motties, Sectian 6,8 and 20 cm.
2,100 cm (0.7, 0.7, 0) 1
10 £ 10- TOTAL C — ORGANIC C — CARBONATE (%)
4, 82em (11, 10,0 7 1,63 cm (0.7, 0.6, 1)
e ) P
SMEAR SLIDE SUMMARY 3 AR AR =
;g - PgE
? 2 3 2| 3 3 3
T E “ 78 | I
§ af 3 d§a1 4§ di
- 282 2141 434 B34
aad ;ﬂ” f:‘ 4 a1 Sand ¥, o & -
= Sil 20 26 Sit m I8 0 40
3 [ 60 8 3 Clay 5 65 65 60
= Ouarte T 0 - Oussriz L] 1 3 2
3 Faidipar o 7 - Faldapar 7 2 3 4
-1 Mica er - — Heavy minsraly 3 ; 3 -
-} e Heay minerals 5 5 3 Ciay minarali 1 o2 8 I
w = il 3 Cay minerals 2 m 3] 3 L Voleanie glass 3 - 7 8
E 3 o Valcans: glass £ 5 ] glunnranlw m - =
3|3 -] Glaucanite ™ TR | = ol lmllllu - = -
8 H § E Pyrite = = g ] E 0 2w w0 0
= = I Zoolite minerals 2 = i - Snonpe llll:uln 5 & 3 2
e wlE 2 Foramuniters = = ] 7 Contolitation sample, Carbanate - 50 - =
&= 2 Distomy 0 30 = é - Section 3, 142-150 cm Palaganita - e - TR
= -1 Radiclariari - - o E‘
3 Sponge spicules 7 5 = 8|8 - NOTE:
=] Shcatagutaie = TH ¥ w = b 4§ = wponge fragments
NOTE: g . = 5Y 412 dlatom
4 # = sponge tragments - oo
4 3
5 5] 3
Light grary [N7] dhisrupted ash layer, 1 om thick, -1
0.G, .
:w-\; mw gray {5 472} lirm homogeneaus clayey distom oars. Abundant spongs fragments .
= . Light olive nrlr 10 olive gray [5Y G/2-5/2) faint layer 5 om thick aed mottls -3 34
-4~ at &nm« E 20-25 cm, =)
— =~ -
1 = 4~
L] B el & 3 Olive gray (5 4,2 firm muddy distom onze containing sponge fragments. (live
1= 7 I5Y 473} layer Section B, ug-un om; dark gray to black [N1:3} matvies, Section
B 2 i 6, B2 cm, Section 7, 25 em.
1-9 -1
I~ 3
1= 3
|
4~ =
£ b e BF 7 . Light gray to white [N7-8) athi?) pocket,
Bl 8ovem| [ecl 4 2 cGEm |oG ag| 7
3 -

6EF ANY 8y SALIS
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SITE 438 HOLE A CORE 31  CORED : 34403536 m SITE 438 HOLE A  CORE 32  CORED INTERVAL: 353.5.363.0m
FOSSIL N FOSSIL
= -- - CHARACTER
g : CHARACTER 2| ; u g.- : g « —
et few| | 9| & | GRAPHIC la<iztlo LITHOLOGIC DESCRIPTION b I P 21 & g LITHOLOGIC DESCRIPTION
1z 21218 2| |G| & |LHotoGy [ZalerSe 1z (-2128| |2| |5| & |urHotoey
w3 58131z|. 8] |2] 2 E508 23 lonl|a|Z|w|B ol o=
onl< g =3 =M E|Z @
ECl81Eg)E] |7 BEEEE z |= [8]2|2|3
- “|Z|= | 5 = =1 =4
= =
B o ¢ | Ol gray (Y 4721 firm tairly homogeneaus diatam +—~1 hive gray (5¥ 4/2) firm clayey diatom oore
= i oore containing 2 mm sporge fragments, cecular to [ confaining spongs fragment
~ = Elliptical in cross seetion, with 1 mm lght gray (N7) ] -
05 ey | ] Byritic and organic canter. Otive (6Y 5/3) moties, 03__':4-_‘_ E |
i I e | 1050 cm. 1 B s n]
e = -
m_;ﬁr sl TOTAL € — ORGANIC C — CARBONATE (%] T et [ Light gray Tine-grained 1o siltsized ash.
o ‘ | 5,82 cm (0.9,0.8, 1) E
== I —
Jo CARBONATE BOMB g |
g
e | 3,5557 em = 2% e i Otive gray (8 4/2) firm chayey dlatom ooz eon-
B Pl o] | taining a few sponge fragments. Irregutar pockats
e | SMEAR SLIDE SUMMARY === of dark gray (N3] very fine-gramed ain, Section 1,
= ) - ™ | 140-145 em; dark gray ta black [N3-1) tine- 1o
B o] Fataien, | | mediumegrained ash, Section 2, 1517 cm. Pale
2 I e s | 2 — olive {5Y 6/3) motties, Section 2, 75 and 115 om,
i ale, S - E 5 . By Section 3, Gam,
ey h =s = ] = = TOTAL € ~ ORGANIC C — CARBONATE (%]
T - R w = = 3 BWem 0.6.0)
G ie . ada. . 32 om (0.5,
3~ '\:'v E| I 5 i 3 g § i 3 :‘-':‘ 5 SMEAR SLIDE SUMMARY
o i o o o = 4
ey e | 166 392 4134 561 = 5 s = f
B ey Sanel 0o 15 18 b= e g
oy =y e Silt o 20 W 3 w “ = % 3
k5 L= 5 Clay ™ 0 65 55 § 5 m ey z £,
Dl By a4z Cluaarts § TR 10 15 o L 5
3 I it -;::\- dintom Feidspar 5 1 & 10 2 ] [ Medium 1o light gray oE 5 3%
W = I & a2 bore containing [romuoesien 9 - 3 3 . — INB-71 fine- to medium- 153 3291 459
& - L okt st Clay minérals ® - B - g W ke Sand Lo
au. K Friable grmyish yellow o Salr 30 30 XN
8 M | phiird o i Voleanic glass 2 68 10 % BVl ' Olive gray [5Y 4721 firm . R R
5 E 2 ash buudy, Section 3, Glaueanite TH TR — TH . clayey distom cozs Gtz 8 0 7
& 5|8 | 92 cm. Lighter olive Diatoms. @ 10 4 2 T ™ contuening @ few iponge Foldipar 0 15 &
« w|E gray (5Y 5:2) mottling, Socings spiculi 1 3 s 2 By 1-;3::»1;:“0-.‘:3(5‘\;35; Heavy mineraly 2 - TR
o £ o c | Section 4, 120-130 em; i R 23 o mattle, Section cm, Clay minaras 2 - 1!
.= Cocealiths 5 = Saction 4, 21, 54, 71, 119, :
a o —1 'f black (M1} mottles, T 2 Ol eI Valeanie ghas 5 72 -
9 Sectian 4, 138 cm. Onter carbonate ko= G = so| d122om. Glsuconite LT
e Diatoms 80 3 50
4 4 + Spenge spicules 5 TR &
NOTE: Bavay
$ = wponge fragments vy, NOTE:
= # - wonge fragmenti.
BF md
IFM(CMICM [AM CC e
Grayiwh green (10GY 572 silt-vized distomaceous ath.
5 litvn gray (5Y 4/21 firm clayey diatom oare,
2.3 em tatular lissile bisck shale or slate clast, Section 5, 120 om.
Interstitind water sample, Section 5, 141-180 ¢m,
Dark gray (N3] mottles, Section 8, 31 and 127 cm.
&
7
B | B [CMjaM) cC




6L

SITE 438 HOLE A CORE 33 CORED INTERVAL: 363.0-3725m SITE 438 HOLE A CORE 34 CORED INTERVAL: 372.5-382.0m
FOSSIL = FOSSIL 19
S |= [LcHARACTER - " o |= | cHaRacTER " =,
O, |2 2 eis o.|2 o = R =
S IEz||g| |2 9| | GRAPHIC logiaSie | LITHOLOGIC DESCRIPTION wZ(xwl lal |a| |8] B [ SRAPHIC loxjz3ie LITHOLOGIC DESCRIPTION
_:.z wol=|2 z G| & | LITHOLOGY =02z Lz wo|E g = ol & LITHOLOGY 20/32
o [on|ZZ2|5IE| |8 F azz3 2onZIZ gl |5l oazz
= ;g¢¢s | = ) - ;3¢q¢ st =
s e|Z|x|0 L s o wlZ|x|d Sy b
i %ﬁ‘ A1 top of core i
poASHE NI | ¥ ive geary (5Y 4721 hard but somawhat friabls caicito-comanted 10, e gray (5¥ 4721 firm clayey dratom core.
layer 2 cm thick overlain by ash pocket and urderlain by pale £l Light gray (N7) metSium- Pomithe fractise near top, Dark gray 1o black
ofive (Y 64 interval containing veins believed to be dewatering o s orh [N1-3) sancly vein, 16-17 cm: light aiive gray
layers. Containg a spongs fragment, 16 6/2) better inclurated lovor. 20-30 om,
1 Cilive gray 15 4/2) bam clayey distom oore contaening o few !
wpange fragments Upper Section homogensous. Olive gray
I5Y 4/2) calcareous mottles, Section 2, 12 cm. Pale olive B BY 4.72) Tiems clayey
15Y 6/3) calcareous mottles, Section 2, 50, 63, B0, 89, 115, :,I..T.f.':;‘.m_f:..':"i.f.v's.:;?.m\fm
134, 143, and 142 cm, dark grey 1o biack K31 silty ta fire wilty mottles, Section 1, 70 and 90 cm; light
graned mattles, Section 2, 3, 7, 41, 52, 77, and 101 em, gy [NT) hard mh pocker, Section 3, 88 om,
madam-grained uhy mottles, Section 3, 16, 22, 57, m.l B1 alive (5 5/3) mottles, Section 2, 20, 31, 39, 92,
em; alive (5Y 4/3] mottles, Section 2, 30 and 40 cm. 114, 128 em, Section 3, 126 cm.
Sandy diatom
ooz ntervel TOTAL € ~ ORGANIC C — CARBONATE (%)
Secton 2, dive gray {5 4/2) coarsn clayoy sand, Sectian 3, B0 cm, 5,27 om (0.8, 0.8, 1)
em,
2 2 n CARBONATE BOMB
Otive gray (5 4721 firm clayey distom ooze with » few sponge ATV e = 2%
Iragments, Pumice fragment 2 mm in diameter, Section 3, 87 cm, SMEAR SLIDE SUMMARY
Medium gray (NE) mottles, Seetion 3, 106 om,
Olive gray (S 4/2) chalk, Section 4, 45 cm, % § § 5
Oh-l gy (S 4720 Nirm clayey dalom ooze Ccontaining ipange s = =
fragments, Dark gray (NI} tandy mottles, Section 4, 30 and 72 g: £z kB gg
8 aé 3] 5 =]
Light grary (N7) ash, Section 4, 73-80 cm., Olive gray (5 4721 116 131 278 64
3 firm clayey diatom ooze. Pale olive (5Y 6/3) mottles, Section 4, 3 Sarvl wm I/ 0 0
8189 cm, Sectian 5, 51-58 cm: medium gray (NS| sandy matles, St 2 40 30
Swuun‘s.l‘la.ﬂg 304 130 e blush gy (58 811)diatom-ich o il
= mgttl B
% f s, Section om, ‘; ] 17 Feldor » g ; g ?
Olive gray (5Y 5/2) medium sand, Section 5, BS em, Olive gray 3 v bl
8 = [6¥ 5/2) fiem clayey distom ooae. Dork gray IN3) silty 1o fine- g g E:I:;‘nz;r:: Il; 2§ zg 32
= grained mottbes, Section 6, 68, 92, a = =
& E‘ gray (N5-7) ashy mm'ﬁu Section B, ; E g § If\lnﬂl_u'mugrl:: NS} glmw_nn(a 7 r; T m
E ] sir-gizad & orarmimfers -
g w“ E matthes, Section 6, 3, 6,9, 111, 114, and 116 em. 2 3 E Fomwm W b 4B 48
H o Diark 1o i geay (N3-5) dlightty grached sand, Section 6, ¥ Sediobriant K ; -!' T'?
= 120-125 em, Ofive gray (5 5/2] firm elayey diatom ooe, o Q Sponge spiciles L i
4 -grained pumiceous pocket 3 em in dismuter, Section 6, 2 4 Silcoflageflates TR - TR
129132 em. Cacealiths - = = TR
TOTAL € — ORGANIC C — CARBONATE (%)
B, 12 em 10.6, 0.5, 11
CARBONATE BOMB
3, 7072 cm = 1-2%
SMEAR SLIDE SUMMARY
5 G i g E b 5 Qiive gray [BY 4/2) fum dayey distom ooze containng sponge fragments. Rounded
g 5 g i 5 = E 2 5 b -3 cm pumice pebbles, Section 4, 85 em, Section 5, 22 cm: pale live gray (5Y 6/2)
s i a E matties, Section 6, 6, 36, 42, and 54 em,
241 2489 474 530 534 555
i Sand 20 25 40 2 I/ 2
— Siit W W BB W W
- Clay 80 55 35 50 50 56
o] : W 2 15 B W 10
= Feldipar 0 TR 7 6 & 3
) Heary minarals TR TR & 2 1 3
] 8" minerals ® - = 2; 17 3 L]
& st olcanic glass 2 - 66 5 = s
— Glauconite TR TR = TH = -
.t Diatoms W 3B 5 65 56 46
—r] Aadiolarians. TR = = = = =
y g;mw spicules 3 3 3 ‘% 7 5
- 8 - -,
—{ Silicoflagellstes - = = = = TR
| s |
BF Lo 7 o 7
RPAM e o B [RMECM [AG)
LA

6£v ANV 8tF SHLIS
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SITE 438 HOLE A CORE 35 CORED INTERVAL: 382.0-381.5m SITE 438 HOLE A CORE 36 CORED INTERVAL: 391.5401.0m
P FOSSIL FOSSIL N
CHARACTER “ RACTER
8, |2 8| 2| crarnic x5 9|2 ™ 8| 2| orarmic |o3ons
el |x2 = w = ITHOL DESCRIPTION L= b~y = W z>i3 ic RIPTION
LZ(=8/2(8| |8| |g| £ |vmotoey R UTHOLOGIC 2 [52[2(5| |g| |G| & | woroey S, LITHOLOGIC DESC
2 - =) =
= eNzzislz| |9 * hlesEE sT[onNZIZ )85 (R] % 5=z
= < =2 = s
= |= [o]3|2|3 ‘ = B = |= |ofF|2|E B
. o ’ Dlmzdl.ﬁummaunl -
#one, 3 cm thick, con-
cretionary, :m:limnn Dilive gray (Y 472) firm sany Elayay distom
05 e] light enlared mottles and Clwwk gy rhaciune to ooee, LBy hoemogemesys, cantaine spongs
ol sponge fragments, [May be :::;-’30'\"\' FUATON fragments in upper 2 m,
1 : trom highar an hobe.] 1 n o
V6 o Genersl deseription of care: ol gray 15Y &/2) ' :ﬁ:;’;"‘ '::,”"""d TOTAL € — DRGANIC € — CARBONATE (%]
Q firm, fairly hamogeneaus, clayey diatom oare Motthe at 89 om i 3, 0em 10.7,04,3)
eontaining a few spange fragments. Gray (NS) 1 sama,
1 o o] ;I::inml!;. slanm-;d_ ngn; dark ey ta CARBONATE BOMB
= 1-3] silt pocket, Section 6, 63 cm; -
g ? o small yellowish white mo:lrﬂl. Sectipn f, B0~ 3128132 em = D%
g ; X : 75 om; black (N1) streaks, Section 1, 2427 om, SMEAR SLIDE SUMMARY
= ]
" TOTAL C — ORGANIC C ~ CARBONATE [%)
] 5,12 om (0.9, 0.6, 3) § 5 ii
g i 2 3 ]
. CARBONATE BOME i s 38 2k
37476 cm - 1-7% LLight olive gray § 33 § 22
R b (BY 6/2) marties, et
AR SLIDE SUMMARY S e 30 20 15 40
; 2383
Gray IN5) 1 om f = g -
W e 3 woz 1 o2
i g [l Clayey diatomite, 72 3 10
Light disturted - - . L 110
" o ri‘:::-;.li;.u oi £ 3 i A 1 Clavey diatomite, g ; ; :.2
3 = 3 TR - TR TR
—_ 32 3 MM 465 =
-4 5 Ash, 3 am thick. Qlive = - 2 - =
3 | o (5 &i2) clayey o s n @2 B z 2 o il 0 20 BN
2 12 distomcenus e Cay . B0 a0 # 2| F ul - TR - TA
3 stane, concrotionary. Quarte s 16 H 8 H § - 5 7 5 3
- -3 B Fuishanar 0 2 2 5 H £ | & ol
g Heavy minerals s 2 - 3 5| E u
Clay minarals 2w W A £ SR
b WValeanie glass [ [ 2 & o N NOTE:
aq Glauiconit - 2 1 = # = 1ponge tragmenn.
Di Diatoma 5 1 n 55
[ igtom oo Fstholariana =l ™M TR 7 = distoemite
4 Sparnge spicules 1 TR - 5 a ul
£
w
3 g
3]
g 4 5 5
= &
5 §
g
5 &
Olive gray [BY 472 furm clayey distom oore; clavey diatomite where marked
by square brackets, Fine- 1o medium-grained sandy msh, 2 em thick, Section 6,
10 andd 58 cm. Sandy clay Laver. Section 8, 108-112 cm. Pumice pockat,
Section &, B cm.
E| |6 6
g Calcareous clayey distom oore, Mediuen gray [NS] slity ash, 9 em thick. -
ﬁ Qayey diatomaceous limestone, concrationry. :
E =
2
P 7 Clayiry distomaceos limestone, concretionary, 7 5
B JRMICM MicM -
femlavl_f 8lr G =

CC|

6tF ANV 8¢r SHLIS
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SITE 438 HOLE A CORE 37 CORED INTERVAL: 401.04105m SITE 438 HOLE A CORE 38 CORED INTERVAL: 41054200 m
FOSSIL FOS5I1L
= = 3 >
5 |~ | _CHARACTER “ 5 |- | CHARACTER -
o (2. 8| 2| crapnic 3 O [Eu 8| | orarmic |iz5ls
=2 “ @ = W LITHOLOGIC DESCRIPTION == =lw ITHOLOGIC DESCRIPTION
LZ10312(8[ |2] |G| & | ummorosy O Tz n2\2/8] 12| |5 £ |umoroey §E LITHOLOGIC DE
£2|on|2|Z 4[] |2 = 3 £2|on(2(Z al = SaTs
= |z |8|l2|<|2 = = |= |8l=|2|= e ]
¥ L|Z|=|D - w|Z|«|B p=
Greenish gray (5G 5/1) firm distom ooze, Oliwe gray [5Y 4/2] fitm clayey distom ooze.
ki TOTAL C — DRGANIC € ~ CARBONATE (%) 057
| 3,50 cm (0.5, 0.8, 01 i
o] el 10
om = '
d - ni
7 Pale olive (5Y 6/3) dismamatesus nannofomil chalk
SMEAR 5LIDE SUMMARY i body 2 cm in diameter,
- 2]
w P -
& : 2 Calcarpous diatom oaze, H
i s :
= =t CARBONATE BOMB
Greanish gray (5G 571
E n E E 2 firt ot paze; 2. 2| SHemara
w (17 Sponge spicules in lowsr =
g P ; Ao - 2 - SMEAR SLIDE SUMMARY
it a0 ]
Cay 40 ] 5
Cusrze 5 e i
Hoory mioecstt T . 3. :
Ll ot -
ﬂmmm 7 = g 3 §§ EE
Velcanic glass 2 -}
Foraminifars o a o ~ 1 3 s
3 Sponge spivube § 3l A Sit ET
- Cay B w0 50
- 0m Quartz 3 ] 5
E | Feldspar - 5 7
w g 2 3 :m minerals - = af
X 2 o =
§ & 2 % Stightly asherich layor, vmkmqlu: 1 2 2
BF . 2 Glaucanite ™ 1 -
Greenish gray (56 B/1) = .
Fmlpmct |AG o i iy Qi £ z £ E £ ] Foramnir B ol o
¥ §| |2 . Radiolarians ™OTR 1
a a (=] — Sponge mecules 1o 5 4
L4 3 Silicoflageliates H =,
4 3 Coccaliths 33 - -
3 Other carbonate 7 7
B NOTE:
] = sponge fragments,
R )
5| O
&
BF|
= 2 4 voio
M| CMAM| =
& <

6E7 ANV 8¢y SHLIS
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SITE 438 HOLE A CORE 39 CORED INTERVAL: 420.0.429.6 m SITE 438  HOLE A CORE 40 CORED INTERVAL: 4295439.0m
FOS5IL > FOSSIL =
o |= | cHARACTER i i CHARACTER
a,_|< Z|lw HEE g =< z| w Yl=liv
- 5| 2] er %' == S| 8| crarm s
e Elala]| |a] |2] = APHIC loZlz3l8 LITHOLOGIC DESCRIPTION - EZalal |2 |B| & L:{:\‘ 22|16, LITHOLOGIC DESCRIPTION
1z (521218 |2 £ | uTHoLo GY [Za|u= On z|n3l2l8]| |2 L | urHo E
»518013|2 | 8| (2] % EEEEER S HE N EHBEE: =5=ges
- o (-] L =) _ -3 [=] w
= 4a|a|Z Sles=a = |= |oj2|<|2 =
= |= (9|22 a i) il L wl|Z|e |3 L
= -
— —]
m B Medium gray (Y511 intensely mottied :V:_:l - Madium gray [5Y 5/1) moderatsly martied
f = ¥ Medliium biuih clayey dintamite.
051 48 dayey calcareous distomiie. 0_5—‘ L s 5‘:;.1 ':- n‘u'r;r
= -
1 [ | 1 76
L~ TOTAL € — ORGANIC C — CARBONATE (%)
1041 5, Dem 11,5, 0.6, 71 Otiwe gray (5 4/2) moderatey mottled clayey distomit,
1=
4= 6 CARBONATE BOMB
11 3 3, 8688 cm = 2-3%
-
=3 o] SMEAR SLIDE SUMMARY Dk greeeish gray (56 471 clayoy twh body,
= i £
= -
= | . E H Oilve gray {6 4/2] moderately mottled
A | s = = diztomaceaus claystone
= E H
S =1 EIE ; "
T~ | 53 854 o4
4~ | 146 490 587 6110
121 8 i-'.':" 2; 223 4?, 4‘:—: ulve gray {57 4/2] moderately mattled clavey distomite.
’_‘1’ - Clay B4 50 50 H?I
3 Quartz 4 9 1
i -0 Dark gray (5Y 471) Fldspar 2 5 5 3
1= -=1 1 madarately mottled Hiwey minasils - 2 2 1
! clayey diaromite, Ciay minevaly 24 39 43 42 e
B To] VOleanie glass 11 TR 6 & Vel theluated
3 g po | Glauconite TR - - ™ il 3 B0 morier.
= B Pt Dy, oldles Purite - =
S ] ¥ Distoms 7 35 /40 w -
z g sl e ? ;::'9'"-"“ LN, 8 o I Medium gray [N5] vary fine 1utf body,
) Sk 1 = bange spicules r ¥ .8 2 £|£|2
8 2 &2 2 o Slicotimsiise I = = = e HE B TOTAL € — ORGANIC C — CARBONATE (%1
9~ |3 ‘E -4 Carbarite m 7T - = = ? 1, 25em (1 5,90
sz Bz : . : Palaganite = = m = g E 320 cm (1.0, 0.3, 01
e | |BlglEl | | | A== : .
w g “| 2 3 1o % a|%|a ‘ CARBONATE BOMB
E 2 Q ] i 3,6062¢cm - 1.2%
7 i SMEAR SLIDE SUMMARY
| BO = - =
1™ { H H i i
g 3z 2l 18
8 Otoee gray (5Y 4.7} i5 EE :§§§Erﬁi
dighily to maderately _= = o
! mattied distomaceaus ] D‘§ éi 83 83 E‘ﬂ
Drark gray (5 471} dlaystone.
noderately 1o intensely 3
| rderately | 176 287 356 489 562 T-18
| mattted distomacecs Sand T 6 E 1 2 2
1 clayirnne. Ell g = 22 gz g 35
Ll
| s Quartz o0 5 B 10
5 5 Frldupar m 5 2 2 4
: a7 Heawyminersls TR 1 1 TR TR
i Cayminerals 34 52 35 54 55
Valeanbe glass L] 85 65§ 65 &5
i Glavcanite - TR - TA TR
Pyrite - - = = =
o Diatoms 0 35 S50 0 2%
o] ayey Radiolarisns TR TR TR TR -
[e] itsone Spongespicules 2 2 2 2 1
Q Coccaliths ™ - - -
o] Palaganite TR TR TR TR TR
i
’ =7 oo e ¢ ore:
11 & = sponge frmgmants.
= ? 10| Ohive gray (5Y 4/2)
Mediurm gray [5Y 5/1) moderately mottled clayy diatomite, slightly to maderately
1 Pdurated dhatomacoeus
b P claystane,
23 7 17 } 14 7 i
BF |
CG|FMICG |AG  |cc 6 FM [CG | AGH cC

66 ANV 8tF SHLIS
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HOLE A CORE 41 CORED INTERVAL: 439,044B5 m SITE 438 HOLE A CORE_ 42 CORED INTERVAL: 44854580 m
FOSSIL FOSSIL N
= | EHARACTER | _ e 5 g x| cHarActER | | tl%dy
< w ZIoo= - |oew| O| = | GRAPHIC |og|z%o
e w - i o| = GRAPHIC 4z=g‘. LITHOLOGIC DESCRIPTION nll_ pu= Y BV w =l ¥ LITHOLO GY [22 Ow LITHOLOGIC DESCRIPTION
tz2lz218| |2 |G| B | viHoLooy zRes Ox Lzl=5|2|2| |3| |5] & B
A HHEHAERHE Z2Ea%s 2(onz\Zigl2f (& = 22
= |=|Z|2l=] |* =l S = |= [o|=]|=[2 i
@ 2 Zl2la i) Sonf wlZ|e|D
- DRILLING
B SLURRY = Dark alive gray I5Y 372) homagerwouy
e— Meslium gray (5Y 5/1) moderately mottled Laystone. Sightly 1o
i ogeneaus distomaceous claystane. Lower 0.5 motiked. Glauconitic, Section 1, 25 cm, 1o
haf dark gray (5Y 4/1) Sectian 2, 110 em.
1 L] It ! TOTAL C — ORGANIC C — CARBONATE (%)
| | 2,120 e (0.4, 0.5, 0]
TOTAL € — ORGANIC € — CARBONATE (%) o = 1.0 5,66 cm (0.9, 0.8, 1)
1, 72 em (0.6, 0.8, 1)
3,110 cm (0.5, 0.6, 0) 2 CARBONATE BOMS
5, 33cm (0.7.04,2) ] 3, 8567 cm = 0-1%
g voIin
CARBONATE BOMB £ 7]
3, 2628cm - 1-2% 3 3l SMEAR SLIDE SUMMARY
SMEAR SLIDE SUMMARY I ] _
; 2| - of |z ei.i
A L i 1 b1 o aray sy 53 H 888 .F of E
] ive gray
3 ‘g s E ] ! wlt body, 35:;; §§ gé E;
H | & k] B B
EE i bsvos 0% O3 03
a5 ad nénv ] 1 i z;‘ss 3-;00 4-5127 s-Eleo-;s
i
179 289 474 586 = i Sit 43 33 45 45 a3
Sand 1 2 2 2 3 Clay 5565 50 60 55
= E Sitt 3 3 43 38 ~ Ouante o 10 3 010
- = Clay 65 B0 55 B0 - 1 Feldspar 4 4 z 5 4
z - 2 Ouarte 6 W 1w 8 1 . Hewvy mineralk TH TR TR 21
o H Feldspar 4 3 6 4 & Silty laminan Clay minerals 49 54 43 ET
g E i Hesvy minersis 1 TR TR TR 3| 3 | Volcsscgss 6 5 8 8 5
s Clay minerals 59 S 53 88 3 O Glauconite 0 5 5 TR -
H S Valganic glas i 6 B & ] AG x Pyrite TR - - -
= 5 Glauconite TR TR - - b g * 106 Diatoms % 3, 3
Bl Slulg Pyrite - - TR 1 i ] Radiolarians  — TR 3 - TR
5 Diatoms ® B B B = = & Sponge spicules 2 2 2 2 2
Racliotarism - 1 TR TR ub | Silicoflagellaes — TR - - -
Spange spicules 2 2 2 2 4 g Vry dark gray (5Y 31 Patogonite ™ - TR -2
Silicafiagellate TR TR - TR = FS AN diatamacaous siltstane,
Palaonite TR TR TR TR = ] |
[ i ol ! Pumnice pabblas.
w ] 10 <
& b . :
4 0 S * 3 i
-] 8 ‘ Sty
: i 127,
|
T | 18 .
i T | Clayey distoimite renging from very dark gray 15Y 3/11 &t top to alive
3 o o gray {5 4/2) at base. Modarately mottied,
+7 =
e
— 1 = (o]
E - mM| g s
5 - s i i
-+ =
= 324 o
-~ =
2 = T fe]
. H H g 1
A —+ =]
= ] o
- - i
LI g 7 o
BF 1 i
celovionf [ : O 4|es
B ] pa |
g R |
2 .
a N |
H 7| 3 |
E. el | White cluy-sized wff 3 mm thick.
CC. i

6£F ANV 8tF SHLIS



438  HOLE A RE 43 CORED INTERVAL:  458.04675m SITE 438  HOLE A

(2]
o

RE_44 CORED INTERVAL: 46954796 m

{a]
[=]

¥8

TIME=ROCK
UNIT

FOSSIL = FOSSIL
- CHARACTER CHARACTER

-
o,

: i
GRAPHIC |palz s oN
ooy 5 S LITHOLOGIC DESCRIPTI

z z

GRAPHIC [of
LITHOLOGY 22

LITHOLOGIC DESCRIPTION

gigore

=3|EY5
—wﬂl;:

o
1
FORAMS
NANNOS
RADS
DIATOMS
SECTION
METERS
TIME=-ROCK
UNIT
BIOSTRAT
LONE
FORAMS
NANNOS
RADS
DIATOMS
SECTION
METERS
SAM

UPPER MIOCENE

7
841

Gray [5Y 8/1) to dark olive gray (Y 3/2)
homageieou

Duark gray (5Y 4/1) hom un clavey distomiie.
5. Clayey digtomste, moderately aray DgETIee

K

mattied at top,

&
i}
K

1
)r

TOTAL € - ORGANIC C ~ CARBONATE (%)
B 3,84 cm 0.8, 0.7, 00
5 120 em (0.8, 0.7, O)

R CARBONATE BOMS
3, 130132 em = 1-2%

A

TOTAL C - DORGANIC C — CARBONATE [%)
5Yan 2,40 om (0.8, 0.7, 01
5, 107 cm (0.3, 0.4, 0)

¢
|
i
|
|
o
0 CARBONATE BOMS
o
I
}
|
|
|
I
|
I
]

g . berggrenii

a
K

3, MBN8em = 1-2%

\
d

SMEAR SLIDE SUMMARY

A

SMEAR SLIDE SUMMARY

{

sYaz
Y af

{

b

8

Distomnaceous

dlayutone

Sdty nutt bady.

)
/

diatomitn
diatomite
Diatomaceoun
chuyitone

Clayey
dintemite

)
¢

|.In..|TLi-
Eh

1
¢

Sanel

Clayey
H  diatomite
3! Is'_sk;;amaszg Gi"'"m

P Clayey

A
+
2

$

Eng
VI Lol Bal PPl Tt

Biack 1and pocket, § mm. ‘.E;:,,,
F

Dark gray {5Y 4/1) elisnr
homogenieous Fatomaceaus  Haayy mineraly
claystone,

&7 Wood fragment, 10 mem,

,.ass.ug

&Bw
wlal @ 'mS;.naﬁug

{

Madium gray (8Y §/1] Clay
silty wit body. Ouartz

133
00

/

Heavy minerals
Clay mineraly
WVolcanic glan
Glauconite
Pyrite

Glaueonite
Pyrite
Fotaminifers
Diatoms
Radiolarian.

-
R ERE,

NN

008

Medsum gray (5Y 5/1)
witt pocket.

Inl 8 nonbouatiel S

wunl g

Spange spiculen
Sicofiagellates
Palagorate

5 paregrina
LR
$3¢)

&
ATHJJ“
A4

Flat piece of wood

e e wssug Clayey

ESw TR

-
=

: Sedicoflagallates
teod Palsganite

1
]

{

Vs
UPPER MIOCENE
5. peregrina
D, hustedtii

)

‘-:mlw

1]
P

NOTE:
sY4n ® = sponge fragmants.

o

A
"

|

R
{

(] | e

™

BY 411

75

Black sand body.

0. hustedtii (b)

o
b3
S

Liiy

* Black sand pocket.

20 Modium geay (SYR 5/1) Madium gray (NG} tuff,
‘sand pockets.

Sanidy |ayer
Sand packet
Sy

£ White 8 mm purmice petiile
SYR SN

Dark gray muddy distomite,

gt l g

BF
RPle |Fmlam|  ec

20—00——— —
L.

Distomacsous claysione,

6EF ANV 8¢F SALIS

CC




S8

SITE 438 HOLE A CORE a5 CORED INTERVAL: 479.0-4885m SITE 438 HOLE A CORE 46 CORED INTERVAL: 488.5-498.0 m

FOSSIL - FOSssIL 5
= e CHARACTER ® |l CHARACTER
8._|= Z|w ot 3 I= Z| w Zlallu
O |mw 0| = | GRAPHIC 3 1€ DESCRIPTION ol w O| = | GRAPHIC |o=z=5
i Z 2|2 § 2| |5l £ | utnoloey §§E UTHOLOG 2 5223 % 2| & | inotooy 2. LITHOLOGIC DESCRIPTION
22 lown|d w| E = =2 |om|a W wl ¥ -%
£ 2NE|Z (8|8 - =3 =7 |SM=(z|8|k “ =5
= |= [9]|2]|2 & e = |= |o|f|2 g e
G R e i
- "t 4
P . | ’
T | Dok gray {5 #/1, homogensous slghtly to Dark ol E Shightl
05 e | moderately mottied diatomacesus claystons. 0_’_' A 1 5 ™ . “el"mlm“'da it ‘:‘"_
™ a 11
1 B | 1 Il
wid e 10-] i
',\ﬁ | TOTAL C — DRGANIC C — CARBONATE (%] e 1
T | . 1,33 cm (0.5, 0.6, 0) B o
et | 2.5 e (0.9.0.9.01 - =11 TOTAL € — ORGANIC C — CARBONATE (%)
CARBONATE BOMB - =M | 2,60 cm (1.0, 1.1, 01
. ) + 3,70-72 cm = 1:2% N =1 | . CARBONATE BOMB
] 3 SMEAR SLIDE SUMMARY = " 3,7880cm = 2%
] ! b= | SMEAR SLIDE SUMMARY
2| o‘ i 3 B ; 2 I | ’
] o i ] z e 10 I® EFoR i
: o Seisigfals: E= j i.i
. FEEIE I iR 1~ 0‘ 5 555 5§
2 odov 68 ov 8T 83T Tt 3‘55 g iz
- . 191 375 484 531 681 630 =4 | B5E84803 &5
= it 3 28 30 4 4 M :'3 | + 163 245 346 407 57
. Clay 8 70 70 75 76 7B -1 | 46 Sand 11 15 5 30
- Quartz 5 8B 8 5 W 8 15 | St P MW I I 8O
B Feldiar 3 4 4 3 3 2 2 Cay W 70 @0 60 20
3 — Heoyminerss TR — 1 TR TR 1 3 - o { 78 Qusrtz a &5 3 10 -
B Qaymisrsls 60 63 S 70 60 67 w 3 % 13 | Feidipar. ¢ 8 7 5 X
i Valcanic glass 3 65 5 6 W 3 z = T i Heavy mireraly T, 120
w o = Glauconity - & agr LA i E = Clay minerals 6 61 80 5 -
z 3 . Pyrits §fi=: e = -1 '§ | Volcanic glass 3 10 10 0 30
(] <| 8l = Dratoms 2 15 15 15 15 16 = ‘i g - 0.G.SAMPLE | 1 Glauconite - TR = - =
o E — Radiolarians - - 1 - TR e £ | vt l; 5 20 15 o
= E ] P - . G T g g|dig 4 voip Sponge picules 2 32 - 2 -
g 5| 82 3 ' Palagonite R = TR = 5 1= | Silicaflsgell tes = R =
d“in ) - | Palagonite - TR = = =
- -3 1=
E e = ;
ol B # = spongs Tragmanm. 4 3~ 1
= 3 | a7
~
- =l |
- [}
1 Clasts of olive I (o] i Very dark gray
. (5 5/3] duatomaceous 1 o [N3) sitey pyritized
clayitona, ] o .
7 3 (o]
5 - 5 - o
i B o
E = 9
] b [e] Woud fragment, 18
| Tuttacoous | mm long.
_ | claysione, . |
3 | — E |
= o Inumlud - |
61 8 ¢ 7 |
3 olf * ] |
o ]
i = |
BF | ] |
PF 7 I ; Ll i
a0 AP ]
cmfFmpem|  fee | AM|AM|aM |
ce| 7 8
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5|TE 438 HOLE A CORE 47 CORED INTERVAL: 4980.507.5m SITE 438 HOLE A CORE 48 CORED INTERVAL: S07.5517.0m
FOSS5IL 1 o FOSSIL i
S |= |_CHARACTER 2 Bl v CHARACTER | 5
ol w Z| Sl o w z| o
S I¥zlals| |2 2| E | SRaPMIC =SB | LITHOLOGIC DESCRIPTION SolEslala| 2| 2| B[ SRARMIC 2z5 LITHOLOGIC DESCRIPTION
LS |mof 2|2 15 |&] % |t™e R LZ(molz|2f (5] (5] = |4 ESEE
E|onZiZ 8|8 (%] % ooz e F A T Zrloaza
= [= |2 ; * 3 G5 inen| S om - = E ; - a | S
14 o) 7
=
BaY w
~ o %"n?é".i.'f&liﬁﬂ.’f«"&" maderseiy O v gray (5 #72) homogenaous dratomacrons
05 1| o ’ 05| o claystona.
- -
1 = (o] 1 ol |ew
] ] 7
10 ] " 1.0 o
VOoID oM 1
1 ’ 7 (o] TOTAL € ~ ORGANIC C — CARBONATE (%)
-1 . o] 1,89 em (0.8,08,0)
= = O Whate § mm purice pobble, E o] 3, 19.em {06, 06,00
p i B & o 5, 18.cm (0.7, 0.8, 0)
£ ~lo| [
1~ TOTAL € — ORGANIE € — CARBONATE (%] . o CARBONATE BOME
=== o 2,120 am (0.6, 0.7, 0} ] 3,70-72 cm = 34%
M 4,30 cm 10,7, 0.7, 0 2 o
g o | 6 72em 105,07, 1) 3 SMEAR SLIDE SUMMARY
i, 2 o o6 £ £ s
3 | CARBONATE BOMB . ] Eg i
g - 3, 6567 ¢m = 2-% ] i 2 & S5
pa = 2 | 3] =18 Tix 2k 3%
. -] | SMEAR SLIDE SUMMARY o — ¥ §= EB i; §§
— = 2e ¥
A 1 [4] 20 §35 33 a o 2548 31 34
15 | E 5 ¥ E 3 o] Otive gray 16 4/2) 190 286 2100 710
- ! B Fay 1o dark olive gray Sand 2 7 8 9
1= | & § gé =§ Eg ,‘g — A o o|  (5Y3%) nomogeneous it | 2 W35
P ==l sisiaisiat 5 3 o| [m©] wehudsatomazeans Ciry 0o o %
17 I 7 A claystone, Chariy TRE R
% : 130 233 324 420 676 k: o] frwo a
i o | Sand ;R T T 2t i { Mica - - 1 -
z - = 41 lo] Silt M | 20 M 35 B A E Heavy minerals 1 1 1 TH
] g = 1 Cly 65 70 70 65 65 w = i Clay minesals 65 53 8 42
2 g ) | Quarts w10 3 010 z |3 o e 1815 Sy4a ::Iml:u‘im R -
] g Feuhp 5 2 7 85 4 2 i it — =
: H H o) | Vel i, ety IS o & S 2 g § 1 14 Diatorms O
= 2 = . O Clay mineraly 51 60 65 62 59 = 3 al0 Radiolaians 32 1 2
ul < 13 Valeanic glass % B =g =i [} 3 2 1o rige siculsy a3 2 4
£ a9 = o Glauconite ~ E TR = = o £ Py - LA Carbanate == = W
: BY 3N Pyrite - 2 - - ] 'Hogonite -
4 o Datoms © W oo 3 8 a4 -la|0
4 i lang - - - - ]
1 g Sounge siculs 5 2™ 2 2 . ._2 o
- ilicoflagellates - - - - R
1 g Palagonite 1 - - 5 8 - & o
B -
i o 5 all
= NOTE: £ 3 = Biack sty sandstone
_E_ 10 svan o y -g B 14] ) laminae, 1 mm thick,
4 o L 14l |
] [o] 5 3 AlO
L - 7 5 5 3 all
7 H 7 | sY4n
] £ e 5 B
1 S ] Al
7 o o
= Pt
3 o E | 5Y 32
] =2 3 5]
=3 =l
s| 1 o [ - 1A
] 0 3 1a
i o z a
2 g
BF o 7 B =FN 10
AP i CM ] :
mefrejcw| leel o .' - “a # LET]
co| —lalo
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SITE 438  HOLE A CORE 49  CORED INTERVAL: 517.0526.5m SITE 438 HOLE A CORE CORED INTERVAL: 526.5536.0 m
FOSSIL 5 FOSSIL g
= |- | cHaRACTER o o l= | cHARACTER
O |au 8| 2| crarmic |ii=s S, [2 8l 2| e 5
T2 152l2(8] |2] [E| £ | uHoosv 3. LITHOLOGIC DESCRIPTION SZ152lals| |2 9| §| GRAPHIC logiaSio LITHOLOGIC DESCRIPTION
“g = Gl & EE T 1z L5502 G| & | LITHOLOGY [Zu|255s)
FoNZE IR |E| = =laze: $2onl2Z[a1B |u| = EARErE
- < i et =] <. = S v [
= = |el$(25 BafA= = 'Eé&% Sz
= e e
3 A Dark ohive gray (5Y 372) harnagensous B N ety * TuMt, 2 cm Dark yray (BY 4/1) stightly 12 intensely mottiet
5 -l& shatemaceows diysiane, becoming . thek, diatomacecus clayit
0.5~ A aderately inottlod and lghter colored
1 § A 1 t TOTAL € — ORGANIC C — CARBONATE (%)
0 3 ] A cont af the 1otal quarts, 1,128 em 1.2, 08,34
LR CARBONATE BOMA
. la 3, 7072 em ~ 1.7%
. Ly SMEAR SLIDE SUMMARY . 5
= o TOTAL € - ORGANIC € —~ CARBONATE (%) it
J 1, 118 em (0.8, 0.8, 00 =5 8%
- & 3,124 cm [0.9, 0.9, 0) Ei.
R 2 5.31em (0.7,0.2,00 = £ £ :‘ -
I 2 CARBONATE BOME ] i L3 é
2| JAq b 3, 8486 om = 2% 2| ’ i d§352
= T 2 feis SMEAR SLIDE SUMMARY 4 2122 376 436 50
s -la : 5 5 = 2 ‘ T Sand g 5 8 12
i =N Eg E_ _é £ H = t o @ 8
=ia 5 § 2 5 uE‘ I mu ﬁ ‘Ig g; 3
N 25 ‘53 d4== ] Fuldia 2 7
& a ziggﬁi i e e A
. = e ay minaraly 4 a5 4
B A Gisc Al B 5 Volcanic pfass 2 -
T 198 199 3100 &IN - Glauconite - TR - -
3 3 Sannl i 5 & [ 2 = Pyaite 1 f F A
o e i . %W 2 4= Foraminiters =i a 3
-+l a +0 Clay @ w75 8 =1 Dlatoms = m 12 3
w e 1 Quariz % 3w 17 = n OHive groy (6Y 4721 Radsolariany 2 4 2 TR
E g = _r-_\ ______ A 'F:dwnr_ = 2 1?‘ 2 i = o lh(f\‘l,:gt;_m!:nl!lv Spange wpicules 3 5 4 2
© El= = vy minerals = = -] E mottied diatomaceous Silicollagei 1 - P
8 = i 3 A Clay minerats B 8 0 0@ g 3 P claystane. o 2 =, e 198
B g g Y- A Volcanic st = 14 2 HE Patagonite = ==
-4 ity o rite -
E P s T A Forwninller -~ TR - s &= 15
= 5 o g o T T Distomi 7 2% 17 n Gie i i
g By s STy A Radiolarians 1 - 2 2 1=
W Sponge spacules 2 5 3 5 =l
& 7 2 Silwcotimgeiiata L 2 4 -
:a o Cocesliths - 3 - - =
= Alg Othur carbonate 3 - 1 - o
1A Patagonite e | 1 -1 Ofive gray [5Y 5/2)
4 a intemiely mottied
B= e 1 0.6.sampLE duomuceons
<3 Fa = porceilanite,
sviz 1
5 a 1=
==E & —:’3
3 A =
L] . = 5 W=
] a 15 0
] =7y EE
- |
] = é]:_\
A -
o * Y4/
i &
. A Iy
F=e ;
& & Fay
&
Iy ' " sy
A Fa¥
EE a 1 ey
BY 4/1 Curk gray (5 4111
P " A 7 & distomaceous claystona,
A ’ &
cc A (o] Duark gray ssh pocket, F'c a
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SITE 438 HOLE A CORE_ 51 CORED INTERVAL: 536.0-545.5 m SITE 438 HOLE A CORE 52 CORED INTERVAL: 5455555.0m
FOS5IL FOssIL
= CHARACTER - cun?uc‘rsn
8, |2 z| v g 19 z| w
O- G| = | GRAPHIC - O| = | GraPHI
L 3od bl 21 8 PTION &l |ow Q APHIC
1z [232|8 ‘g" 5| & | urHotoey LITHOIGIC DEsCRI 1z (52218 (2] (5| £ | uthorosey LITHOLOGIC DESCRIPTION
ws ws z
A FHE R FrlongIZlslE] (8] =
= |= |2]z|3|a = |= |2|Z|2|5
Elrk ry (5 4/1) claystone, slightly mottied. Draek gray (Y 4/1] distomaceous clayitone
h ’ ightty matited,
! 1
TOTAL € — ORGANIC C ~ CARBONATE 1%)
6, 102 am (0.7, 0,7, 0)
TOTAL C — ORGANIC C — CARBONATE [} CARBONATE BOMB
5,63 cm ILE, 0.6, 01 3, 6264 om = 2-3%
CARBONATE BOMB SME AR SLIDE SUMMARY
3,135137cm = 1% 5 :
SMEAR SLIDE SUMMARY E ig é;
: i 2 iE
i“ E! 28 &4 Z
gk - £ s
83 &3 g" g 33 ?;
ay
Sardd ?‘3‘2‘ 5—;2!1 Ousriz n I B
Sit 3’ 3 Feldepar 3 2 4
Clay 53 60 Heavy minerals 2 - -
z k=) 0 Clay minerals » 7 a
Feldspar a 0 Diatoms h 0 % 5
3 Hervy minerals 1 N a Sponge spicules 7 a7
Clay minerals Fo F) Calc, nannes. - - 5
WVaolcanic glas - -] Carty. urspec. B 3 -
Glauconite T -
w = 1231 Diatomacecus Pyrite \ =
E é % 1] (GuFoe Diatoms % 2% w il
3 Sponge spicules [ 5 z E =
= E Pal sgonite 1 - =| 8
= H 2 Other 2 2 o =
& Sla == E -
g w A k=1 1]
4 & a 4
Distomataois
elayston,
5 5 ]
120 ]
:".f‘ = :
4 vop v 3
Ll I 8|
4 ]
3 PF 3
=k ICG| -
brd = Olive gray (5Y 5/2)
7| BF 70 | SIS
B [B |RPCM cC 4 M ICM cC|
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SHE 453 HOLE A CORE 53 CORED:INTERVAL: Eo6.05045 m SiTE 438 HOLE A CORE 55  CORED INTERVAL: 574.05835m
FOSSIL FOSSIL
% | | cHARACTER & x CHARACTER x
(¥} v =
Ot 8| 2| orarnic |35 ] b 8| 2| orarmic |iste
Tzl=z|2|8 = & | iirHolo oy B2l 3. LITHOLOGIC DESCRIPTION o lE 2 gl lg| |E| & | Hotooy Bejastu LITHOLOGIC DESCRIPTION
w5 |MO|EZ ol w 5o LZ [-0|Z(2 z [+ - CEvEe
29"258; u = Galzs $2(on|2[2g(2] (5] = 293
= e =
o= [2|2]|2|5 EaEr = |= [2[2]|2]5
[} 1=
(o] Dark gray (5 4/1) distomaceous elaysions, 13 Dark gray [5Y 4/1) and olwve gray [5Y 4/2)
o o510 diatamacsout claystans slightly mortled.
w = o TOTAL € — DRGANIC € — CARBONATE (%) [ i
8 = 1 1] LR AL1.08.2 ) = v TOTAL € — DRGANIC € — CARBONATE (%]
=] E 1.0 SMEAR SLIDE SUMMARY e 4,90cm (0.8,0.7, 11
i 2 | CARBONATE BOMB
w 134 Digtomacesus ) 2 1 3, 80-62 cm = 1.2%
g § sty i i B Distom SMEAR SLIDE SUMMARY
aceour
= 10 g g £X i T 1 caystone,
33 - ’
i 838 3 i
B [FMFMjCM W 2w I - 3t
oL Sand & 5 —
_ =3 R Sit w7 2| 9 sYan §i§ g
Clay BS &7 S Zz oT
Quartr P ] —A 214 525
s = ! 13- " P
Huavy minerals - 2 2 Clay 7 0
Gl minecah @ = - Quart 21 10
Votcanic glass 3 s B Fi a B
?..T 1 1 g e M.mm:llnurd\ - 1
Dinlg:;mmm s 2; =3 e\;r m-;da 47 Sg
— canat glass -
Sponge spicules 1 & L :J: 80 Diatoms. 2 %
2|13 33 Sponge spicules pockes Soneeiels; 8 Y
SITE 438 HOLE A CORE 54  CORED INTERVAL: 564.5574.0m - E 33 Cake, nannos. - 1
FOSSIL : =
S |n [cHaracter | “ ﬁ“ 8 g e
o, | 2 [y S 39
eDlxul | 9| £ | orapuic 2. LITHOLOGIC DESCRIPTION = ? -
1z |=212(8| (8 |G| E | urHooeyEatens £ E 3
2 lonlz|2|5l8] |5 = 5223 5 3 E
= T =
HaEHEHE 285 v
v 4 i e
o Thin darker becs 9
[e] Dk gray [5Y 4/1) distomacrous claystone -+
homogenesus throughout core, 1
1 1 e
|
TOTAL € — ORGANIC C — CARBONATE 1%} L i 2%
oi 15Y 572) + 5Y42
mottied aanofost L% om BT, 00 p distomaseous
bearing distomaceous CARBONATE BOME = claystone
ooy 3,4042cm = 1.2% s 1
SMEAR SLIDE SUMMARY .
= i 5 voID v
: HE ]
FE & B
i - 233 o -4
= = 1113 &-102 =
=} £ Sand 5 5 3
=] g S 2 % 6 b
= Clay 85 0 =
-3 g |I'.;kurl.l 8 0 PF :
W 3 Fospar 4 10
& 2 u.u minarsly a2 1] BF
= Volcanie gl 5 2 AN B (FMAM CCj
3 _0“' Pyrine - 1
- Distoms. 23 7
A o] Sponge spscules 8 1
=3 (o] Cale. nannos. 10 -
1 1 5Y 41
_— 102 claystone
BF B ‘
RP(B |RP(CM| [CC —10
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SITE 438 HOLE A CORE 56 CORED INTERVAL: 583.5593.0m SITE 438 HOLE A CORE 57 CORED : 593.0-802.5m
i FOSSIL N G FOSSIL EJ
CHARACTER ] CHARACTER -
8. :... 8l 2| crarmic =;-2 3_: 3|z R HEE
s- iz ¢8| lg| |5| £ | mowosy 3. LITHOLOGIC DESCRIPTION Z1E2lalg] |g| |E] B Lf'm’g;‘;‘éy : ﬁf'.., LITHOLOGIC DESCRIPTION
s ) oW E3Tey w o w |
§2 0513|355 le| (2] 2 583 »515813|2(5 (8] |2 % 555]
z 2 1Elg12l=] v 2lone o = - A A e
= ol|lZ|x|Do - |®= |2|Z|=|58 i =
1 1y vow Vi Rounced basalt pebbis
Durk gray I6Y 4/1) diatomaceows daystone, - Dark gray |57 4/1) diatomaceous nannafostil
05 wightly mottied to homogeneous, 05 : | Intersvely Bioturbated bearing claystone, moderatsty biotur bated
: = composite burrows,
1 N 1 3 some with pyrite rimy
rod TOTAL € ~ ORGANIC C — CARBONATE (%) IDJ :
] - =4 1 5 TOTAL € ~ ORGANIC C — CARBONATE (%)
: 41320 (06,0580 : ry [r——— 1.57 cm 10.9,0.7, 2)
CARBONATE BOMB = ; CARBONATE BOME
- - - Bigturbated, but burrew
g 3, 6082 om = 1-2% B indistingt; nimeroi dark 3.87-89cm = 23%
. SMEAR SLIDE SUMMARY - 1 Beveie] k. SMEAR SLIDE SUMMARY
= 3
2| o g 2| g-
: . Bl 1] i
- uive gray {5Y 6/2) g E 3 =1 " § e
N montied calcansous B =
B chalk i b g g 3 1 1 25833
1 T i ] :
[} 5 &g 3 2113 a4y
El 2122 542 21 3= - Sand 4 10
n Sand | 3 |- B E + Sitt n 10
7 siit w oo == g g 3 Oy B =
7 o e g = =3 sY 4N Folrispar 5 TR
R Y52 Quartz 2 15 1 3| &g — ks i
3 3 Thae 8| ot Felpac 2 ® £} - & Heawy mingsal ™ -
] " - Heavy mineraly - TR Clay minerals. 45 -
@ . i Vaf Clay minacals [ Volcanic glass 2 1
w - 2 B e Volcanic glass 2 3 g (11 Glauconite ™ TR
g 2 = 3 Glaconite - TR 7 Foraminifers TR TR
g le E g ] Ditorms 5. = B [ Diatoms IV
= = Radiolarians - TR “Light™ alive Radsolarist - 1
= 2 ) Spange spicules 1 7 7 : ! 15Y 573 Sponge spicules ] 1
& =] 8 ] Carb. unspec. &0 3 ] | Burrow, Cart. unspec. i n
= 2 =, R i a ight ofive gray Cac. nannos ]
P 3 -t { (5¥ 6/2) caicarsous
] 5= | aa
4 b s = = S !
BF = = [
RP =
] PF ‘,EE - i ! fntense burrowsng;
! lo |[FMicM jans C - 5 wophyeus
& cC 1 =
5 ] Distomaceais
-3 2 claystone
3 Spongs
b v
E i
-1 v
s :
BF = Otive gray (BY 52}
AP 5 { ks
PF E
cel
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438 HOLE A CORE 58 CORED INTERVAL: BO25612.0m SiTE 438 HOLE A CORE 59 CORED INTERVAL: 612.0621.5m
FOSSIL 5 FOSSIL o
G |= | CHARACTER y= = | | cHaracrer
o2 8| 2| orarnic |35l o2 8| 2| crarn Sl
) bl I 90 w = & B 3.. LITHOLOGIC DESCRIPTION s bt Y P90 - = w APHIC za2 LITHOLOGIC DESCRIPTION
'z |a5|2|0 =| & | uTHoLO GY [z&|um 0w 1z |5 8| 12| |5l & | utHolooy E2ler 0w
w3 |68|3[2|w 2l = =oEs0s ©315913|2 | e £ 5%
=TSN E z|8|5| |« SelasE2 S _“,EQE = Efﬂ
= 2 z Zla w5 - = E z = 8 ] S|
Rt ’ sy 4z o "
. _— ree gray (5Y &71) and greenish yray
w E L Seiry Woticn with 1 von (5 5/1) ciatomaceous elaystane with
= " = =l Sompotite burrows 0.5 v s clark veins (possibly dewatesing
= = o Worm burrows contain Intensely tarmowed olive gray 15 472} o4 structures),
= 5 light olive gray marerial dintomaceous cliystane. 1 p i ! Extantive warm
= £|2 of the underlying layer, - [ bustrowing with large TOTAL € — ORGANIC C — CARBONATE [%)
= P é o Lo ciivn grav (5¥ 0720 TaraLc nT’gll;:;w::':: €~ CARBONATE (%) o compasite burrows. 2,131 cm (0.5, 0,6, 0)
£ I caleareous chalk layer, i i : 1, J)wa CARBONATE BOMS
=) E SMEAR SLIDE SUMMARY 7 rp—— 3, 7375 cm = 1-2%
2 . | o SMEAR SLIDE SUMMARY
= E ' Y 51
8 |Fmlcmicm H 4 " &
§ 3t 3 ! i
35 &% | 3 | i ¢
e R Rt 5 7 =
St 2 8 = 1 Light olive gray (5Y 6/1) a3 1
Silr 20 22 - 5|8 ‘wotm burrowed carbonate 1106 3.69
Clay Bw i HE : Sand 0o
Quarts 2 n o £ Bl all granales lgneow?) Sitr 0 %5
Feldspar ™5 =] 3 3le Clay o 30
Heavy hinarals TR TR = 2 i Quartz n 15
Clay minrals. - 61 w g Feldspar 5 B8
Glatsconiio TR TR ) = g Heary mineraly 1 1
Fawaminifers - TH g g 3 Clay minerali 51 o
Digtoms 7 12 = o Valcanic glass - 70
Radiolarians - T = E PR Glaucnaite 1
Spange wpiculss & [ 3 bt Zeolite mineraly - ]
Cash. urspee. BE 5 i Diisroms. 20 -
Palagonite - 2 Spangs spicules 7 -
Carly. unpoe. 5 3
Verncal dark snastomosing
atreaks [dewetlering
wtructures?h
a
BY 51
3
5
Gl
AWM CM| (=
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SITE 438 HOLE A CORE 80 CORED INTERVAL: 6215-631.0m SITE 438 HOLE A CORE 62 CORED : B40.5850.0 m
e il B
FOSSIL FOSSIL B
¥ r [ cHAmAcTER | 5 |- |cHARACTER = sl=d
o= S| % | sraPHIC o~ 3 2| or s
&5 :g ols| |2 || & |Hotooy LITHOLOGIC DESCRIPTION ey = 2|8| |2 2| | SRATHIC l22z38.) LITHOLOGIC DESCRIPTION
W z b w5 |BOI= 5 - = ggO‘
2 |oNZIZ 8[| [&] ® N F I EEE =lazes
= |= |o|Z|=|2 = |= |o]2|=|2 .
Bt “|Z|x|D - 2lz|=|a i Son|
— v
svan w g2 X i Grownsh gray (5GY 6711 dimtomaceous
Ofive gray (5Y 4/1] distomaceous ayaton: & Els 41 dayione,
with Hight gray (5Y 8/1) chalk beds. 5] |3 =i
2 5 & = § SMEAR SLIDE SUMMARY
Volcanie aih pocket TOTAL € — DRGANIC C — CARBONATE (%) s £ g : Sight mottling
1,81 em (76,03, 61) b HIEAE ! ==T 114 lm
Light gray (5Y 6/1) 3,28 om 0.7,0.7.00 a g =
- ehalkc =1 g 5 3?;
K SME AR SLIDE SUMMARY 5 b b | E H
w Bl = =
] AP|FMICG |AG
AREALE i : - .
] 183
H 5 ; 4 §§ Sandt ]
e H Light gray [5Y 711 Silt 32
| g calcarsous chalk E g E Clay &0
[=] [~ % g Cuartz 4
2 < 1N 256 Feldspa '
= Q Sanat - - 2 Mica -
Silt 15 10 13 Hewvy minarals TH
Clay B85 90 [ Clay mineraly 5
Cuartz 1 2 B Voleanx glass [
Felspar - 3 Glaveaniie 2
Heavy minorals - - TH Pyrite -
Clay minerals 2 - 61 Zeolite minerals AL
BY 4 Velcanic glass 0 - 2 Faraminifers -
Glauconite - = TR Diatome 24
Diatoms - TR 15 Radiolsrians 2
PF Spongn wpscules - TR 3 Sponge spicules 3
BF Carls. urapec, - 08 B Silicoflageliaten 1
SITE 438 HOLE A CORE 63 CORED INTERVAL: 650.0-659.5 m
SITE438 HOLE A CORE 61 CORED INTERVAL: §31.06405m FOSSIL T i
% FOSSIL - : - CHARACTER - »
% |- | cHaracTeR O S S| 2| crarHic |b35=
< z v == 9 =
Qr |ww 5| 2| orapHIC G 1z [52|2(8] 2] 5] & |umolocvERE e LITHOLOGIC DESCRIPTION
1z 522 £l £ | urworosy 3. LITHOLOGIC DESCRIPTION RS HEPEEHE 8%
-] =20 = 1218 <
=7 o2 . % =olomzs = = |8l3]2|3 SEREE
- = 2 O] = = =
1 resnith gray (SGY B/1) Hi disturbed gresnigh [8GY &1
w cC ] =1 "T¥1 5 = ] diatomaceous claystons um:ouldlrmunu. haid !
z = Gray [5Y 6/1) intensely bioturbated distomaceous = g = . L] -
8 o elaystons. Contains 1 mm black spats (scoria ] 2 0.5 Y Core in 2 om care biscuits TOTAL € - ORGANIC C — CARBONATE %1
5] H E fragments?), 2 £|3 E separstad by drilling mad 1,98 cm (0.7, 0,7, 0)
= 5 £ = " 1 7 throughour.
e E = = 2 ] CARBONATE BOMB
w 3 o H 10— 1, 61-53cm = 54%
g g 3 2 & b
5 £ 8 e 2 3 SMEAR SLIDE SUMMARY
3 = o .
E
& BAPjcGlam ool A ol ¢ Harisontsl moderate i
i
5 &
b
148
Sancl 7
Silt 35
Cay ]
Cuarte ]
Falidspar 3
Heavy minerals 1
Clay minerats S0
VOlcanic glass 7
Zoolite mineraly TR
Duatoms i)
Flachoiarians 2
Sponge spicules a
Carb, unspec. 4
Cale. nannas 3
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SITE 438 HOLE A CORE B4  CORED INTERVAL: 659.5.669,
s o8 Be0- SiTE 938 HOLE A CORE g5  CORED INTERVAL: 669.06785m
2 FOSSIL
CHARACTER
2 = Z| w 2 |- | cHaRACTER %
et =1 S|.E 4 @sATHIC LITHOLOGIC DESCRIPTION Or (S 3| 2| srarm z
w == c
Lz|ag|2|8| |E| |G| & |umoroey 1z 1=2zlwlg] 12| |E] 2| rHou 3. LITHOLOGIC DESCRIPTION
Slom|Z|Z|w w| = wolE = ol w oGY i
=T |2ME|Z|E|E| |- $2onalZ 5|8 |4 = =08
R : R HEHHEE =
e =] L = |= |2z |Z|3 5w o
N 0 - v
o Greenish gray [SGY 5/1] diatomaceaus claystone ] o Greenish gray (SGY §/1) distomacen: ;
with modurate bioturbation, Black scorls (1 mm) ) D Mling md msmﬂ’y‘l“n 23cm h'!:\:lhl in u.;||5u'-‘¥|un'-rn'?::wia.
o throughout core, Dark veing in lowar part of core, 0.5~ pe £ Ell Mantle: spiculitic
n 3 it - -
T 1 o TOTAL € — ORGANIC € — CARBONATE %) N o dlatomaceaus claystane TOT‘T;‘::: S gaicl = CARCONATR B
2 --|o| Ry e . p= 5 mm pumica fragment 4, 110em (1.1, 0., 3)
e~
2 o 17 w-ln-d?n:mm 5, B5 em {0.6, 0.7, 0) 1.0 =1 6, 139 cm (0.5, 0.5, 0
= witric chaystone Y
i CARBONATE BOMB 3] CARBONATE Bove
’i & 3,232 em= 018 ] -] e ey emabdr 4,6760cm = 0%
5
£|§ o ’ P Q-4 P} SMEAR SLIDE SUMMARY
= [o] witric claystoe - X
E o v {8% hornblendel A ? 5; 2
g 2 SMEAR SLIDE SUMMARY Nnar verical s g E H § E
g | 2| ] o dewatering 2uSc g 53
[ 1o s g2 ;s 3z st ] o oy gs;i E.‘;i 1
-] - -] =
= P OEEE £ ] o $§afsi &
& "E Ei % §afiz . " ity 161 35 499 4110 513
= £ s Vitric diatomac % 20 1IN 4
8 i 28 22883538 ns' :E 0?{ 5 duoes Sit 0 W0 ¥ N 70
‘, o rrereiis 1117 236 330 3.93 498 547 665 - CQuy 55 B0 60 S0 %
30 il Sand 16 13 12 B B W 12 1 v Quartz 5 31 68 4 3
o s BN S 1@ M 0 m 1 Feldhipan i 7 5 & 4
1 [e] Clay 54 B M 73 58 T 60 T petates (@) Hoavy minerals . — - TR TR
3 4 Some umallacale  CudtE 8 3 4 3 5 4 @ Clay miner 0 50 s M1
5 E =] 0| §[ea] burows:2mm Faldvior B P E A 7Tk o I I b Vlicanic giams 40 4 0 @
s B TeiE——] dameter Nt s, 4 A0 L1 RS z o Glaucanite o e s -
i 3 ] =10 Caymierals 45 49 15 0 &7 6 42 w v A i = b= 1
=] 3 = Valcanic glam 10 5 M 5 4 1 2 z g O Zealite minaras - = = TH R
3 B it (o] Glaveanita TR 3 % ) = = 2 —|O o Distoms 2 20 1 W10
i Pyrite 1 32 3 v § < 8 g 3 o i Radiolarians t % ¥ om
ul o m g.urin mineraty TR 1: 1;3 = .0 = % 4 g - 2 Sounge wicies W 3 4 TR -
atom 17 =
g g " (o] Radolasians TaeEYY i E ; H g s Carby, unspec, - 5 5 1 -
Spange wicules 3 a
: & |+ 1 v -l g o4 L8 | et
- 1o S| |a [
o e | gg|  Thinchert berd, 11 ' o
i o T 1] 98] 3emtimestone
+4 o 1 em plrmics T1 e comented bhocks
1 - <« WP : Witric distomaceo
frl o Layer of & mm v claystone
LA o pamice tragments. L Weod fragment
Y 4 Sdty sh
H—o 3
s| 3
H = s
o = o
3 N ¥ ntene bioturbation
1 O
'% = v
T (o] Hear vartical mineralized black dewatering
4 o woina, 1 mm wide.
—V-_ (e] \Y & Graenish gry [BY 6/11 limestane
& a B o Distomaceous vitric daystone with 1 mm dark el e For ety
-+ 5 green graing {glsuconite?) thraughout this bed. &
.
i o Interse bioturbation
- Black dewataring vaing as shove.
g olY =
¥ Y >
8|8 |cMicm BF
cc AP F IcGicP cc
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SITE 438  HOLE A CORE 66 CORED INTERVAL: 678,
[ FOSSIL SEER I SITE 433 HOLE A CORE 65 CORED INTERVAL: 697.5707.0m
% |- | cHARACTER wlm z FOSSIL B
o, |< z| w Yladlu S |- | cHaracTER w
",‘: Xllalm| || 2|8 | GRArHIC (=32 LITHOLO. T e 3| 2| craenic ‘i,z,_g
z HE- wl I GIC DESCRIPTION = o a|z%8
w5159/ g i 5 |8 S LITHOLAO &Y 2y ;::JJE.. 1z =328 2] |5| § | utHoLoGy|ZEl=r S LITHOLOGIC DESCRIPTION
e E F R - I “laazs S lon|d[Z|uw|E| |E| = =2250%
s = [22]3]5 HERER 2278l Z|g1=) (v hemis
= e s o|= |8|Z2|2|a Bl S o
MM=———0
E e Driling mud Greenish gray (5GY 5/1) diatomaceous | || J]13]  Biack spor (13): clayey limestone
g = o _ claystane with calcarsous interval and biaturhated bed of muddy limestone
E o - o };T:L.Trg:;!. .,,[u, heichomahe by [e] :?av 711) alfset by 8 3 cm symedimentsry
- ing (st ructute,
yl= 1 5 i abribling ) TOTAL € — ORGANIC C ~ CARBONATE (%) o B4 Diatomaceous
= 2 B o 1, 120 cm 10,6, 0.5, 0} ' [o] claysane
& i 10— Greenish gray [5G 5/1) diatomaceaus
24 " & e o] gﬂ?ﬁ“‘ :;&m o “m“v::u: u::: Section 3; calcarenis
= : “+ - €m = O & .
S gl 15 = o ' 9
= H = +4 T SMEAR SLIDE SUMMARY
2 g,[3 9= ge) v & TOTALC - ORGANICC — CARBONATE (3]
. senssh , 26 om (1.0, 0.6, 3)
% -E H i _L i o wav g 2,126 om (0.5, 0.5, 0)
tla 2| e Olpe %8| comunted timerane H b
: " CARBONATE BOME
g E 9 1 ::::”nlm way (BGY 6/1) g é E Greenish gray (56 8/1] 3, 147190 om = 34%
BF| ] o | ki cacarcous (13%) 33 2 == 8 ‘ sle B 3oy SMEAR SLIDE SUMMARY
= tomaceom claystone =
AP mlgs e I o Lignt biocks: imeitone in Sind Saiza : =0
:mmm graing of irregula: S % 5 ) H
o 2 "
5 mm grimice elast n::,“ eg ? E] o Dhatomaceous s ﬁ g
Fuldupar 3 - o o el i : § § 5 E §
He: - £ =
oy 4 “lo cf 3835 3%
Volcanic glas i s i 113 164 4132 694
Diatoms 17 8 12 5 [
Raticiarians 1 & 3 Silt I
Sporge spaculi 6 3 4 1 v Clay B2 6 L]
Carbi, unspec, 13 88 aQ Quarts a4 6 3
w - Feldspar 1 3 2 1
5 alw-r l_lhm:[ab 7—} - 1 =
o o Dark grosnlsh g iy minarals 58 50 50
Q %= Vai (3G A1) caicrsaus ;o"unlr. Fass 15 2 1
SITE 438 HOLE A CORE 67  CORED INTERVAL: 688.0697.5m = FIE o claystan: Dlsioms PRE B
@ FOSSIL b= b P Hadiolarans 11 - 1
3 | CHARACTER | _ uls e a VoID v Sewiais: Av 2 & 4
| = - nepac,
or sul 1, o| £| oraprmic |35 = o
1z |RZ2(8 | £ | urHolocy 22/zmCe LITHOLOGIC DESCRIPTION Ny
s |onl2|Z2] s w| = 2IZ50s ¢]
T SMzlz|B g | fExIS
= = |912125 P %
=
2 (e] | 1320 dayuons
g 2 !D:::‘? ;Ii:rcr: af 1 m.;em drilling
8 3 H imeioos Greenith gray (SGY 5/ sl HO S
y 1 dis
= --.E E | dmw.‘ d']’“ﬂ-.?.' e I
f. ; § 1 l Intense mottiing o]
af g
g BF 2 | ' 5 o
H g o}
M|AG v (o]
——— - — !P—»— Small black with dewataring vend o
v
B 9
=
2 o]
&
o [¢] 5 Caleareous.
claystone
(o] ISGY 4/1)
[e]
(o]
8F 7 o
e i I 2 i
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SITE HOLE A CORE 69 CORED INTERVAL: 707.0-7165m SITE 438 HOLE A CORE 70 CORED INTERVAL: 716.5-726.0 m
FOSSIL 5 FOSSIL i
¥ I= | cHARACTER w % I | CHARACTER -
8 |=< zZ| w 2|zl 3 |« z| « iy
- 3 g o
|5z 2l8| |2 ol & lﬁ:‘;::'é :Et:tg" LITHOLOGIC DESCRIPTION Tz =z zl5] |2 2| & Lﬂ:ﬁ:‘:‘, 21228, LITHOLOGIC DESCRIPTION
w5 ol = U5z wg G| & ™
s z Q O s z o =50
A EHAEREE = e HE I 22
= |= [8|z]|d|5 S5 F o= (22|d|a S
i RMICG |CM cc - Calearoous elystone, daek graanish gray |
& AP g 3 = {BGY 471) haghy dishurtiod i o, i AL 8 Hamagereos 1o yikghtly mottie dark greenish
g HE 1 O la| Cucwson [BGY 4/1) elaystane, calcareous o distomacsons.
E =2 05 o Claystane
W o (g 1 1 o TOTAL C — ORGANIC C ~ CARBONATE (%)
ar 1,92 om (0.5, 0.5, 0)
9 O 5,57 ¢cm (0.9, 09, 0)
H o CARBONATE BOMS
O 3, 77-800m = 1%
v SMEAR SLIDE SUMMARY
o i
[o] LU Claystone ; E H
2 o Intense bioturbationy i g %
o ' 33 8 &3
N 148 2467 420
v Sand g % B
hal S x n 2
a 69 L]
o 23 em drilling Gumrre 8 4 B
hiscwsite Fedupar 3 2 2
(o] Heavy minerals - = 1
q Clay minarals. 1 T4 B
Q Vaoleanhc glass 1V = =
3 1 n aucanite L
5 Pyrit. 1 - -
— v Diatoms 7 & 12
~ Ratiolsam - 1 1
4 - Soonge secules 3 3 3
i o Carb, urpec, LLANEE S |
z 10
8 P ) N o 20 Distomacecas
= = - cayitone
E ‘z ‘§ ‘ O 3 drill;
= andrih
2 Slg o tontn ¥
= 4 o
z o
(o]
v
- (o}
3 o
—] o]
5 1 o
3 o
. o
3 10
3 -1
=1 |
2] [}
] 10/
s 3 'Fr’_l
[+]
o}
v
aiE 4
8 |An|Fmjam e ol
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SITE 438 HOLE A CD'_I!E 71 CORED INTERVAL: 726.0-735.5m
= FOSSIL = SITE 438 HOLE A CORE 72 CORED INTERVAL: 735.5.745.0 m
u : CHARACTER 5 u Yo FOSSIL
g bt
2= eul | S| 2| oraprHic |oalzxs 8 _|= CHARBOTER | o] s Sl
1z [22[2(8| (8] |G| & |vmmoroevizgig LITHOLOGIC DESCRIPTION exl=ul L] To| 12| & | orapmic |28
2 |onig|Z g8 @ C = 2-. .hz e = 5| & | utHoloey Ol LITHOLOGIC DESCRIPTION
S HEIEIE T U FEFE 2
BElEl i AHHHE :
b
N fe] BGY 4/1 distomnateous calcaneous claystone
R ol L[] ey e oo ] Gan
. utfite distomaceaus
05 1
1 O 71-138 em vert ] caione
-] . ieal Gewitering ves, 1722 mm wide, stained gray iih olive 05+ Dark groenish
! - o 1 m?ﬂﬂ:gmmﬂ hmi:m:‘u 2 005 b S Eulon T etos Pt 5 3 D".:k' MEHORKIE daysionn L..?J‘L‘.Jf.ﬁ;ﬂ.’,':.'.&‘.".’.‘.ﬁ:‘:’,
. seems 10 have been the mast v i s obatile
'I.O—_- o Ay or conduit taking off - d-wn:trl\'q i of dark veins.
1.0+
3 o B o S e ! T ooy - cAmsonaTe
o ' O ash Layer in secTion five; divwatering vein 5,100 cm 10,6, 0.5, 0)
] o manicsated with limestone layers, 3
R 1 CARBONATE BOMB
N, - Section beoturbated A0A2 cm = 0:1%
= g Tu;rn‘l“' c f&gmmm € = CARBONATE (%] -1 o dewatering s % bl E
— ' om , 0.5, 0) R SMEA L IMALA £
2l o svan 5. 73 om 0.5, 0.6, 0] : 7 SLIOE SUMMARY § 2
B matiling CARBONATE BOMB 2]l .3 578
b o 3, 127120 em = 0-1% B = £ E -
= o = 5G4/ E = 5
T~ 5 * SMEAR SLIDE SUMMARY = 25 g Eg’
| =) aucd o1
T.r E
::-"" g 5Y 411 iigi‘gi = =} Sand :;8?30?-:7
w = @l NENRERS. E2o s E ] = m Sile 25 35 20
g o b=, o earenut claystone Bsiis £ g i 1 P Cloy 51 50 68
=] s i 1= o cEa¥sols ] = e ing veing s 3 @
=3 = I~ = z 4 Frictipar 1
= LR 15 o 139 342 4942 5921 - 2 3| T Heawy minurals L L
e _s 3‘ e ;nlm & 5 Fl 20 a 5 i Clay minerals B a4 5
-a' A 1= o W W0 24 30 =1 T WVolcanic glas 3 3
8 Qg I o| h Clay 0 15 72 50 s 3 Glaucanite TR 5 -
= 3~ Ouartr [ 3 3 14 . Diatemy 17 10 25
= = o Feldspar 3 1 10 4 Radiolarisns g
o ol Haawy minerels - [ = Spange wpicules E 2 3
7 Coaise grains, Clwy mi o
d ay minerals % 86 65 12 Carb. urupec. 2 - 7
g fgiatconite?) Violcante a o 0 = dewatering vein
17 o Pyrie 202 0 ] Tesing ot
—_h o Zeolite mineras S 2 ] Togatian
3 toms 11w 3 E
& ot (o] Sponge spicule - 3 1 -
B o Carts. umpee. w1 8 - a3 Catcareous musdstore
. ] burrowed
. -
= O 5Y 471 distomaceous [
a3 42|  esbeareou claystane ™
=42 o] 8 :: 5G4/
Tt 1) \ i i Mottie:
R I O 13 dauconiic diatamacsous
— watnr-raleass fracturey i iffe iy Sarpte
. 7 o] BGY 4/1 limestone & Madm blussh gray (58 5/1
2 ay ]
3 e] 5 ! dlatomaceous ::nmrn
=3 -~ with light olive gray burrows
- o 1| very finegrained sandy ash ™M
. ofH SGY 4/ limustane = B
E 1 o™
3 1 o] dewntering vens :E
8 |8 [FMm|AG] = o
CC! |
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SITE 438 HOLE A CORE 73 CORED INTERVAL: 74507545 m SITE 438 HOLE A CORE 74  CORED INTERVAL: 7545.784.0m
> FOSSIL FOSSIL o
e CHARACTER " 5 |- |CHARACTER z sl=d
O, - o, |2 wn Zf il
2rlaw S| % | sRaPHIC & few o] £ | GRAPHIC S THOLOGIC DESCRIPTION
Lz|52(2(8| |#| (5| & | utwoloey LINGLOGIC DESCRIFFION 1z (52218 (2] |5 £ | utHotoGy Eae u
7[oNZ21(5] |%] % 2 [onlZ|Z8|E] (&) % B
= a < - 1= < =
= |= (2|2|2{5 = |= (QI12|2|5 R
x:.:w E _voio Dark gray (5Y 8/1) diatormacecus claystone,
claystone Medium biluish gray (58 6/1) diatomacrous z - D
05 ah; Thin layer aystont 1o light olive gray [SY 3/2) ) = 0.5 TOTAL € - ORGANIC C — CARBONATE (%)
ala lem| ; muddy diatomite with extensive hioturbation. <] =la 1 VoID v 1,123 em (0.7, 0.7, 0}
= -
Entemivily E = -E;
et TOTAL € — DRGANIC C — CARBONATE (%) a il assirdoesoligil
frohtiip i 22¢m (0,5, 05,00 ] ; Angulat pebbie
bumrows = Dewatering vewr
CARBONATE BOME
31,9788 cm = 1% 818 KmpcH
Dewatering
Sttt
SMEAR SLIDE SUMMARY
SITE 438  HOLE A CORE 75 CORED INTERVAL: 764.0773.5m
2 Medium biuish gray g oz = FOSSIL -
{58 §/1) diatomacoous £ » A CHARACTER
R, ] g_g 3 gé o3 3| 2| orarmic 25l
; £ L=y bt = HOLOGIC DESCRIPTION
Santy sit . 1z =22 § g = & | utHolo oY [Z{erCy Himote
Light olive gray 136 317 438 5135 = w| =
3 (57372 sy s el e r el B g ziglgl |w ;g
= atoeite ike 0 0 0 - =} =
E = 1R8 . T
ary -4
" 5 10 2 1 o Highly bioturbated dark aroenish gray (5GY 5/1)
= p Clay mm:h :: " g; 51 ] Deveateving veing distermacsous claystone.
i B Extaniive Voleanie glass ™ o1 o3 3 w 05 Saiposcy by TOTAL € — DRGANIC € — CARBONATE (%)
= = ] biotut batian Glsueanite = - TR 1 z = ] 1,121 em (0.8, 0.6, 0
= 3 Foraminifars - TR - - g = 1 3
§ = ] Diatom 4 3 30 30 =1 2|2 SMEAR SLIDE SUMMARY
Q 5 E 7 Radiclarians - - T - H 3|2 1.0
= ® Sponge spicules - 5 5 7 w v e ]
H Qe Palagonite 1 - 1 1 - Q |a [—
= — BY 372 muddy =3 = i
o 7 diatamite 2 BE " E 5
= : H . »J F] 3 £k
. P — &n
4 : Shatey, fissile B [CM ce|
: habit — R o
= Sard 13
B St x
£ 2]
E Guarie 10
7 Fuldipar 5
- Hegvy minerals "
_P_—‘;_"- Clay minarals 52
= Woleanic glass 5
2 el 3
— = spicubes
n el Palagonite 1
5 N Carb. urapec. 5
=
S il
by 2% BY 372 muddy
P o thatomite
S
=
-
+
[
1 ge. i Shaley, fissile
- habit
& I
= e
a o o e
z p
= I Large burrows
s =
T
N ’ S 5Y 372 muddy
BlB ce :F = dtomite
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_ i SITE 438 HOLE A CORE 78 CORED INTERVAL: 7925802.0m
SITE 433 HOLE A CORE 76 CORED INTERVAL: 773.5.783.0m FOSSIL N
[ FOSSIL o % |= [cHARACTER 2| . E— v
S [ | CHARACTER AR Sladiy o - 8| & | GRAPHIC foai5%[E | LITHOLOGIC DESCRIPTION
Or [Su S| £ | eRapmic = LITHOLOGIC DESCRIPTION 1z22|2|8| |§| |G| E |vHooeyEaeney
1z[2212|18| |2| |5} & | utHoloey Ervpe u5 093 Zlal8) |3 = caes
s z =} o= - = < s = |
E=EN§§§: i E?;il = = |9l%|%i3 )
& £ =5
G b A A ™ BGY.6N Meddiunm greenish gray SGY 6711 ditomacsain
o = it L rhaton
10 s Mediom greerith gray (SGY 5/1) diatomeceonn oo rarbont chd s boesadon
10 Sltviona eth hiobuetasion hacugiot cord, rare A few pockats of it are atiservid in the lower
= ush pockets, part of the core.
] TOTALE ~ONGANICC = SARBONATE Y 3 TOTAL C - ORGANIC G ~ CARBONATE (%)
u L= (o] 1, 113em 08, 0.8.0) 4,“53 cm (0.8, 0.7, 00
§ 2 o i o] SMEAR SLIDE SUMMARY o A B
= -% i & 40 = 3, 103104 em = 1%
9 a i O E ia
= o o = §s PR SMEAR SLIDE SUMMARY
- I : 0
= 5 5 .- m. ®.
s £ &% g g8 g
2 2l A2 138 242 : i3
e & 8 : i
—— Sit 2
B |8 |FMEM| [EF = qwy % 70 2z 2% ::
T o Quariz 7.9 2130 325 4139
Feldspar 2 1 7
Feavy minersls ™ TR w i 7 w20
Clay mineral 10 43 i = Minor fault which euts Clay 81 BB 73
Vaolganic glas ™ 12 2 = bioturtated bed Quarte 7 8 5
Digtams o 20 = aln Felcspar 2 5 2
Radiclaris m = 3|3 Hasvy mitersls TR TR TR
Spongs ipicules TR & w = Tult iy inerais 51 & 531
Glauconite TR a Qg Volcanic glas o 8
Cart. unspec, 5 2 5GY 81 Dratams E T
S 3 Sponge wiosles 3 3 s
Burrow
SITE 438 HOLE A CORE 77 CORED INTERVAL: 783.0.792.5m
FOSSIL wlz
o,
et = CHARACTER 2| W o it
Sefaul 1| || [8] & | crapHic loaE=e LITHOLOGIC DESCRIPTION
1z [-32(8 2| |G| & | umoroeyEdenias e
S FHEEREE oufzs .
- =
= |= [9|2]|2]5 vt
= ] Medium olive gray (5Y 5711 distomscvous
I g claystone with burrows,
H o= voin
g =3 TOTAL € — ORGANIC C — CARBONATE (%) s
2 o 2 sYEN 1,69.¢m 0.9, 0.8, 1) BF
4 §| 9 | ' AP| B [CM|CM) Caleite filled burrow in the Core-Catchar
8 I o
: BB jomiam
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SITE 438 HOLE A CORE 80  CORED INTERVAL: 811.58210m
» FOSSIL i
‘r:'la " CHARACTER = Sl3dy
= |ew O| = | GRAPHIC Fa=I]
12 :g g 5 § 5| & | umHoloGY|Zx)e Oul LITHOLOGIC DESCRIPTION
= |= [B|=|q|Z
= w|Zjx|a
5Y 511
Medium olive gray 15Y 5/1) distomacsous
claysions (0110 em] with extensive bio-
0.5 turbation.
1
Lo
syan Olive gray [BY 4/1) vitric dlatomacsoun
elaystone {110-300 eml, with bioturbation,
TOTAL C - ORGANIC C — CARBONATE (%]
2,70 cm (0.7, 0.6, 0
CARBONATE BOMS
@ 2 F¥ 4 37677 em » 2%
§ = SMEAR SLIDE SUMMARY i
2. =
= 5|3 o
4 K 22
2 Qg . S‘_‘i §§
s = Medium oiive gray [5Y 5/1) EF Ei‘
1 deatomacecus claystone an >
= 1315-390 cml, with biatue- 182 28
3 = 75 bation in the upper part, S a 15
- S Fo ]
1 Clay M B0
- Ollive gray (55 4/1) Felﬂu:w g 1;
i digtomaseous claystone e " TR TR
390565 ). Cioy minara” a7
B Volcanic glas 7 .
] nsconite TR
3 Diatomy 7w
- wniculey 4 a
- Carbr. urspec. 8 7
4 7] BGY 401
= Dark sand
B|B [FM[aM CC| h - indlupens
SITE 438 HOLE A CORE 81 CORED INTERVAL: 821.0830.5m
e FOSSIL
CHARACTE
8. =< Z| w v
wteal 1| |a] [2] 8| SRAPHIC 2, LITHOLOGIC DESCRIPTION
l!.z wo|=|2 S G| w | LITHOLOGY ;Usz
S FHHE R a2z
= |l= |o|<l=|Z el = ]
= wl|Z|e|O |
B | B |[FMICM) CC| G ipeisingui. ol l
w Ofive gray (5 4/1) madstone with #mall sandy
ﬁ - inclugkon which may be burrow filling aa it i
8 = filled with muxdstone. Semple alw contsing
b ala minor smounts of sand, Faint condrites burrowing
= £ § withan muditons,
u |3
a G|g
g
=

SITE 438 HOLE a CORE 79 CORED INTERVAL: 8020811.5m
FOSSIL
S |~ |_cHARACTER
Or|duw 3| 2| crarnic
o w “ =| = H PTI
= ;g 2|8 2 £| £ | uthotoey LITHOLOGIC DESCRIPTION
;5 onf2|Z|w =] w| = =
= |= |8]=|9]E] |”
= = |B|lZz|2|5
5GY 5N
p o Medipim greenish gray [5G 5/1) distomacsaus
2 Tult pockeis dlayitone with exteniive biaturbation t ]
cone, Some burrows offuer by minor (silting:
zones of g veing
1 e,
TOTAL C ~ ORGANIC C — CARBONATE I%)
3,72em (0.8, 08,01
CARBONATE BOMEB
3, 4850 em = 0-1%
VAN SMEAR SLIDE SUMMARY
gz i
B 2 £
: 5 i
3 S‘E a3
1 142 686
4 Sand 2 8
St 20 %
= BGY 61 Clay 68 &7
3 Cuarts 1212
o Feldspar w7
1 48 vy minerals 11
3 Clay minarals 45 50
w 3 - 2 3
E -1 TR TR
= 0 a
8 1) - TR 12
z £lg . :
& GE ] ;
2 Sia
8 BTl
= 3
— Extersive faulting,
n ra offset of dewatering
4 ¥ weira
BGY 61
Dk greenish gray
1SGY 4111
dlatomscsnus
dlaystone
BGY 41
5
Externive faulting
'|P of dewatering vein
L] 7] 28
- BGY 4/1
7 . ‘
BB |CM|CP -
CC -
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SITE 438 HOLE A CORE B2  CORED INTERVAL: 830.5-840.0 m SITE 438 Ho:.;s:“ CORE_B4  CORED INTERVAL: B49.5.859.0m
FOSSIL “ =
5 |5 |cuaracres | Qu g g |cuamactenf | e | 222
n [ P - e O = GRAPHI Cr=lc]
2w 9| & [ cRrAPHIC loziz5je LITHOLOGIC DESCRIPTION il e PR - 420w LIHOLOGIC DESCRIPTION
1z |-2|2lg g = 2| THolo oy (225 Ou 1z 52|28 5| & | utHoloeY o
PEEEE gl % =90 2 on|2[2 g(R] |2 = 223
= ONZIZI8|E| |2 SojgeE 227813125 |* e o
= {= [2[F[2]3 S5 = [= [9|F]2|3 8RS
BGY 41 B
Burrowsglauconitic Dark greentsh gray [5GY 4/1] distomaceous q Qrark greevish gray (5GY 4/1] distomacesus
distamaceous silty Aaytone with 2 large burmow 10-50 cm ] atk greenih gy i
B claystone Dark W:lh ;M:ISG le.M:I dilty sandstone 05 ‘f‘m":::"m‘“‘.‘-’l‘nz'f"‘""""" ard withy
[50-100 emi, 5GY 4N
1 fuct s Dk greenish gesy (BGY 1/4) claystona C L -
ite filled 110150 e, )
Purw Dark greenish gray IEGY 1/8) sandy g 1.0
meicisiong {150.300 cm 2 ]
Dark greenish gray IbﬁYlillﬂlmm = ]
(300450 cm), W a
Dack g aray (BGY /1) mudone a 4
“ﬁo—nwg::ll‘mdmmacwnom g ik dayniant bed
seyan i Dk grienish geay (BGY 411 virie claysione
TOTAL € — DRGANIC € — CARBONATE (%] - with buturbiation and with dowatering v
3,8 cm (0.7, 0B, 0} SGY 41 thraughout core (150-765 cm],
2 CARBONATE BOMS : 88| Tult pocker
3,138 142 em = 0-1% TOTAL € — ORGANIC C — CARBONATE (%)
Cadcareaus 2,90 am (0.8, 0.7, 0
SMEAR SLIDE SUMMARY mudstone bed
CARBONATE BOME
g - SGY 411 3, 124126 em = 1%
W - )
g = ] a E SMEAR SLIDE SUMMARY
- m F 3
E 'g g SGY 4/1 %E}gg E i 5% &
p=] = S35 aio = =
g Q|4 121 1.86 1.147 3 Sancitone bad % s
a £ Sandt W0 0 8 55 2 ud
= Sy g g t? EE 2. éﬁ
ci 7 o > T
Gurrez 6 36 3 ™ 124|  Sendwions pocket 140 286 340
Feldupar 8 3\ 3 2 Saned 745 1
me'l"-T‘l - ‘j Bg = Silt 17 X\ a7
iy mineraly i o ™ % &
oy ar Voleanic glass 5 5 6 4 sav4n otz 378
3 g‘m.m 10 1;\ ‘r_}a Foldspar 2 1 4
- 12 Haawy miners TR 3
.5"::"“""""“ Sponge 1picules 6 7 2 bvm dimheg 8 3 6
O Micre quartz 25 15 Volcamc glass 80 13
4 Palaganite ? 2 4 Madium olive gray Glauconite ] T™H
Siicotimgellain ™ (6Y 5/1) calcamoun Distams w7
ditang Sponge spiculis 2 2
Calcalious Carly, urapec, 7 TR 3
mudstane Pakagonite TR
Cale, nanos T
B 56Y 4/ s6Y 4N
5 Sandy lager
Extersive bioturbation
care, both
AP [FM AN col chandrites and zoophycus.
5
B Dissiminated
SITE 438 HOLE A CORE 83 CORED L: B840.0-8495m Dot
SITE 438 CORE
FOSSIL A
o |= CHARACTER o=,
o, |2 8| 2| crarric Laz=3 -
el L = ITHOLOGIC DESCRIPTION 3
Tzl=zl2la) |2 =| £ | uTHOLOGY §: Lo 1
w5 (2022 3l |8] & oa|
On| < ale wl = aolz=
=M x|z < | o
= |= |o]%|2|3 =3 ) 7 Vo
8|8 pmcr| [ec| | live gray (5Y /1) distamsceous claystone e
w r: [slightly sandy]. 2 B
] = < =
o L.
= .E g <f 7 ]
a a g o Olive gray (8Y 411} distomaceous claystons pange
2 Sla §§ 8|8 |FP b‘ e »
=
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SITE 438  HOLEA CORE 85 CORED INTERVAL: 858.0-868.5m
FOSSIL =
5 v | CHARACTER | glad
o Of % | craPHIC |p3/5=o
LA ol 2 C jpajzZo
Vz ;% E ‘6 g 'G E LITHOLOGY [Z5 ;:‘g": LITHOLOGIC DESCRIPTION
£2|englzlg|g| (8] 2 =
= < i e [
= [= 82|33 =E
v wl  svan
Oiive gray (5Y 4/1) distomacsous claystone
[e) intercalated with andy beds throughout core,
=< . Biaturbatinn in the lower wction of core.
o TOTAL € — ORGANIC € — CARBONATE (%)
! o 7,103 cm (0.9, 0.9, 0
g o CARBONATE BOMS
% 3,122:124 em = 1%
o o) Sardy beds
| [wd intercataed SMEAR SLIDE SUMMARY
af | sY 4 S ig
z
; | i
2 SHEEEE | s £ iis
&« NG ] 110 1144
m i< = | Sand 2 %
S a . Sit ;a ;g
= g _,_1 | SY 41 g‘:" o B
= Felelpar 1 16
= ] 1! Heowy minwrsis TR TR
] Clay mineraly 5
z 1 | Bioturbation bl 34
- — Diiatems. 1\ 13
o 7 Sponge spiculen 1 2
w ] I Carb, unspes, L]
E B Siaghtly sandy tieds Ltk g
z —1 | imercalated it
z . 1221
= = | Sand pebble round,
- 10 mm damater
il sYan
il
8 |RPlaM 91 Distomacsous ciaysrone
SITE 438 HOLEA CORE 88 CORED INTERVAL: B8685878.0m
. FOSSIL
CHARACTER
8. 5... 8| 2| orarnic 5
= 2] & RIPTION
Iz ;% g 3 E ,G £ | LtHoLoGY 2: LITHOLOGIC DESC
“olom|a[Z(wiB]| |m]| = o
2 aE2E T E
= | [R|z|=|a =
B | B|RPICP CC Drilling tiraccia various pebbbes of mudstone
w smaller than 10 mm,
= -
8 8
] E
= I
= Elw
g (%
z =
S g <
-
i
]
z
2
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433 HOLE B CORE 1 CORED INTERVAL: E715581.0m

6EF ANV 8ty SHLIS

SITE 438 HOLE B CORE 2z _ CORED INTERVAL: B61.5671.0m
FOssiL FOSSIL
I3
S |= |cHARACTER sl % |- | cHarAcTER H
=P 8| 2| crarmic |oifz=ls (=19 8| 2| crarmic |Z5=5
1z 5202|812 |5| £ | utHoloeyzEleZ0y LITHOLOGIC. DESCRIFTION T3152lulgl 2l [B] B | irhorosyEaaiou LITHOLOGIC DESCRIPTION
w5 1801312]. 18] |¥] 2 =y w320|Z|18| 13 |5] @ 2u3s
=7 [On(EZ(8(E] (4 FrEE] 2 [on|22 (5|2 (% 5223
s = 2;:5 B i S E|= Eg:g e
= o
fo) Drilling surry of olive gray silty chay. = g Drilling slurry of olive gray mid,
o 0.5 o
1 E fe] 1
. ] o]
10 [o} 10
1 ) 9
1 orums |© - o
sLupRYy  |O . o
E = o =]
w E -t o F - (o]
g § .| 3 £l |, 3 o
] o X B
5] 3 = w 2 3’? 1 oriLune (O
H E - o z HEE 1 swery |0
£ g . o 8 HEE ] o
£ £ (& ] o 3 HE 9
o g -
1 voo Jv] 2 £ g H | o
=] o £ 4] g B [}
3 (o]
al A | | 3 ps
. | ’ Bioturbated afive gray clay, 5 o
- 7 o
-~ ] . o]
& 3 | ] o
] | . o
B MM M| [er]—— ] o)
A= o
. o
E o
] o
N (o]
5| 7
B [RMicMCM B o
SITE 438 HOLE B CORE 3 CORED INTERVAL: 786.0-796.5m
FOSSIL
% |- | CHARACTER =
o s 3| 2| crapnic |2
- o 4 =3
12 2|2 ;6 g £l £ | umotosy ?"gi LITHOLOGIC DESCRIPTION
el FEIE I :gazg
= |= |2l2|2]5 Sl S
[
| Grayish olive 1o dark grayish olive [10Y4/2:372),
R moderately motthed distomacsous daystans with oms
0.5- | ’ g‘;‘:““"?u'\' intervals of light colored burrow-metthing which is
1 | Hh;‘!::dl gl totally CaCOy urapscilied and vary wiil cemanted.
g al=E 1.0 [ Colored calcarsous
[ -a E fiked burrows
g HE |
H B .
Y L |
: : 1Y | S
: |
2
Il Light colares tusrowed
| inuni]lmml
| Hackly Iractures in core
| mostly vertical arisntation
B| B [FM|CP 3 fprobable dritling distwbancs)
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SITE 438 HOLE B CORE 4 CORED INTERVAL: B53.3862.7m

FOSSIL SITE 438 HOLE B CORE 6 CORED INTERVAL: B62.7-8721m
= FOSSIL
b b | CHARACTER | " x |_ | cHaracTer =
o, = = < Z| w 4
Q- |xw 0| = | eraPHIC 5 TION O [ Ol = | GRAPHIC [ a(z%c
1z 221218 (2] |5| & | urHotoey Zafer O HTHALOGIC DESCRIF. Tolezlnla]| |2 |E|& LGav LITHOLOGIC DESCRIPTION
w3 w0z gl g ZoEgad Lz [=3|2(8] |3| |G| & |uwme Ere
e HEH R Zoiemzs A FEA I z
"‘"Ezaa G = :-2;&5
— v >
F Darker beds Dewataring veing .
4 L o Graylish-al lve green (SGY 372) diatamascesus cleystans -~ Black Grayish-olive groen (SGY 3/2) dintomaceous
i | Drwatoring veins with intangively mottied, dutky yellowsh gresn (10GY 3/2) ‘é 5 Burrow fills with elaystome slightly monbed [5GY 5/2] with comman
0.5 i arn :::1“:-:1::“’ betd burrow Hilings; comman dark, anassamazing veing, § ] g 0s- :::“mm :r?::" et rabanby micatiady,
i 6 Caritng probably dewatering features. ] i H (wamtaring veien) SR o
] s Silty ath offeet by E 7 = ! Distomacsaus HIDESL
il " driifaring vain TOTAL € — ORGANIC € — CARBONATE %) w E 3 10 Eomons
] 1, 148 om (0.6, 0.5, 0 o H Menor fault
E | \qlf Intessso ilv::f:‘mw 4,128 cm 0.8, 0.8, 0) g = & Small packets of it 5 3
| Inkack} 2
. '01 5GY 372 CARBONATE BOMB BF 3 g z
: I+ Eimwxmutﬂlwnﬂo 3,47400m = 1% RP [FM]RP ICM cC| gz:s':o;: :zlmmlle E 3 § g
- a4 ke dstomaceos - z 5
o | f; DI:N"::"‘:M ciaysions SMEAR SLIDE SUMMARY %; ':" @
, - 58
|
£ - N g mtties with E Send - =
1 | ek :--:. Inlasconine?] H - Sudl : :
= ay
3 | i £5: 32 E x Cuaartz 7 7
i | § % £ H Eg g § £S5 Faldspar 10 5
- | g £ z E H 5:: Meca = -
. Minas fault g snon anes Hewy minasshs 6 -
o [ 165 1.76 233 2.37 246 385 565 Cay minerals 30 n
el \ 47 Extonuve biawurbation g4 £ 10 68 7 0 8 - Valcanic glass 30 B
. U1y sit 20 86 19 2 20 12 30 g:‘f:““'"'“ T
] | Distomacoeus claystone G w5 §3 q0 B0 70 e
W gl (3] 1 8| sevar uarrz nos 17 6 5 12 & ChR e TR 1
8 M ] 1 Feidspun 3 7 3 5 8 2z 4 Foraminifes  — -
8 €l e = Mics B E I in S Diatams 15 L]
= 2 . ! Heawy mineraly 1§ - 4 = 1 Radiolaeiar 1
" = A 1 Cayminerals 70 & 61 58 80 70 66 Seorgripcdes 1 TR
a 3 Volewnicgls & 0 4 15 B 2 O
=) a § 3 v Very small [diameter Glauconite 1 2 - TR 3 = ~ SITE 438 HOLE B CORE & CORED INTERVAL: 872.18815m
- -3 | 1 mem) warm Pyrite L T R FOSSIL
3 I bumova Zeolitemineraly — — - TR - - - % |~ | cHarACTER 2
4 Foraminiters = = - - = = - < w
4 . v Distoms € 2 N 1% 23 W OI5 2 = :;‘ . Ol & | GRAPHIC LITHOLOGIC DESCRIPTION
3 o Padoluriss - - - 1 LZ[=3]2(8 g 5| & | urHotoey
- Spon s 2 - 3 - 1 2 1 2 wi =
E (o] Big pocket gl z onNlZIZ E 5 -
] || hioturbated ol oy E ; | &
= I Drilting mud
E Mumbarous mottles 2 l:lmznmm“m 5 Grayish-olive green (5GY 372) distamaceous
] | ol s claysiane with modsrate bioturbation and some
I H 05 faults and vein.
- 55 Diistoenacesus clay stons e ] Dissavriinazed black
P -4 | ! gratm throughout TOTAL C - ORGANIC C — CARBONATE %)
3 . . & wection 1,125 0m (0.5, 0.5,0)
. | Irterse bioturhations mainly bosizontal g \ Small fractures
= | i <} e Madurats mofriing CARBONATE BOMB
; . 2 g | e Smme-n
& o i
(=3 w é el burrows
] vl il g HE [¢] Driliog bebdeis SMEAR SLIDE SUMMARY
- [ o v
w =1k
- = gg |  Ash pocket (dismeter -
- | § =z g 5 |2 - 1.8 cm) mudium biulth
. = ay (58 5/1] fault surd
& ] : 5GY 6/2 mottes surrounded by black rims Ll s} T ki Yt 5 5
p =] o
E = —IQ- Distinetive Burrows filled .E §
3 | J_| with dark yellowish orange
E (10YR 6/8) carbonate X
- v [e] camented wdiment R f“
T 1" l20]  stack yains megughout Sand 6 13
B 3 | 3 1 it M 60
= I ‘ Clay B 7
B|B|cMm cc| | 8| BRejce| [cc Drilling beeccia Quants 5 8
Feldspn & &
Mica - e
Hoavy minorais 1 3
Clay minerals 63 10
Volesnie giass 8 70
Glavconite -
Pyrite 1
Zoalite minerals —
Faraminifers -
Driatoms w2
Fadigtarians =
Sponge spicules 1
Polagonite - 2
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SITE 438 HOLE B

CORE

7 CORED

88158909 m

SITE 438 HOLE B CORE 8 CORED INTERVAL: 900.3909.7 m
FOSSIL = FOSSIL =
x b | SHARACTER | ul=d, = |~ | cHaracTER 5 sl=d,
2- 5| & | crarH 2ls=5 o, |2 2 Sliv
SoIR2lalgl 12| |2] B [ oo oy SaE28. LITHOLOGIC DESCRIPTION o (E5lalal| 2| |2] E | Sheruts, 8.l LITHOLOGIC DESCRIPTION
w3139|2(2].13] 5| £ SEE LZ(50l2(2], 13 (B 2 |Y S
7 [oN[ZIZ (58| (9] =olo=T 2 [oNlZ|Z2 (5[] (8] = aa
= |= |oj=|=(2 Sl=s - |= |o|lg|=(Z e
= w|Z|=|D = = w|Z|=|D .
o]
O Drill euttings ish-olive green [5G 3/2) watde live gray [6Y 472} claystone 10-16 om
o claystone and clayvione with dutky vellow green
[5G §/2) bioturbated pockets; exterdively viined, Qiive gray 15Y 4,21 medium- 10 cosrsrgrained
11 Dk stainec fractured, and faulted, clayey sanditone, poorly sarted. Pumice, hormblende
' | friestrgy and plagiociase grains prominent in eoasest fraction.
108 Diatomaceous clay- TOTAL € — ORGANIC C — CARBONATE (%) maitle
| wxone [10% diatom) 1, 136 cm (0.8, 0.8, 0) -
a |
[
2 CARBONATE BOMB z
il 2, 12em = 1% 8 Otivo gray {5Y 4721 sarsty wilty claystone, pacrly
[*T3 =z Extenswve biotubation; g sy 4 sorted, White \;l;ﬁ:;:—rrlllmﬂ sands with
z =2 thioy Sect UMM compoiton of glassand fnldipar,
B w zmg‘:!:n g | RCARALIDESUNARY w wl e baiptinting
=5 5 ween [5G 5/2) carbonate 5 E E o
= Gurrow fillings 8 ol
= 8 £ 2 Micrafractures 3 2 Sls
g =< Claystone Us E g = =
o -
] = Tulfs pockets § 3 £ 2 [ £ E 4
g 310 mm of diameter| dv O T g S|
= 1905 275 388 = =S
Sand - - calcite cemented
1 e (1 Dhiwe gray 15Y 4721 winic silty sandly elaystone,
E fﬂﬁmmf‘mm St 2 o) i Maderately mattied, 1 fawlted anct
- fractures {thin, planar an o marthes or burrows brecciated containing some coarse fragments.
- + Oz a 5 10 containing cosrw sand
B surtaces) Feldmar M 7 4 TOTAL € — ORGANIC € — CARBONATE (%1
3 3 3,88cm (0.4,0.5,0/
4 Mer - - - 8 Trigmanit
1 Heavy minevals 1 1 1 B mim lengihy CMBO;‘&TE?‘ON
= 4246 cm -
tlo ool _foe Eow 2 15 -
i = s SMEAR SLIDE SUMMARY
Pyrite - = - Dk gray (5Y 4/1) subrounded = Ao
Zoolita mirerals — = B | B |FPIRP e e Ee ,E a
Forammifers = - Dhack, mclrum olive geay 'EE i a2 g
Dt 10 a 10 (6Y 312, 5¥ 4/2) highly = 4 ¥ i
Radioleam - o - i o ji ; g E\E
e - 195 286 315 326 398
Sand a0 5 30 35
Silt 10 5 2% 0
SITE 438 HOLE B CORE 8 CORED : 890.9-800.3 m Cluy 50 E
FOSSIL = Cluarts 5 0 4 s
o} = CHARACTER | b Feldspar 7 ®s o8 ow
0~ | & | craru ==H e N I s
o lEmlal 2] |2] = e 2alz38,, LITHOLOGIC DESCRIPTION Haawy minersls - 7 3 2
1z |L5l=|2 = C| & | LITHOLOGY o= Cloy minerai o5 2% 43 1
wh [MOIE 5 Eoe
2 on|z|Z2lg|B] |2 = S Valcanic glass 13 5 0 %
= |= [o|Z|= - = Glauconite Th - TR S5
wiZ|=ia Pyrite FI e N
B Zeolite minesals ™ - - - =
a ] 2 cm bit-rounded Qlive gray (5Y 4/2) claystone. Core i smad| Foraminiiers g B R
3 3 4 Timaxtone clast in diamater, owing to bir problem, peristent Dimtons &8 3 6 2 T
w % § 05— Claystone, pale weining, Radiolarian - = = = =
Z - ? N olive (Br.Bu) Sponge spicules TR TR = - -
3] E u|2 1 N calcarvous moty SMEAR SLIDE SUMMARY Mcoayrdliequez = = = = 10
g | & . Nowr vartical Palaganite - - 3 3 2
= g‘ g 1.0 dewatering veim
RN NE
o 3
B [AMFP|FP 2 s

Sand

Sil

Clay

Quartz

Feldspar

Mica

Heavy minarahy
Cloy mirerals
Voleanic glass
Glauconite
Pyrite

Zeolite mineraly
Foraminifers
Digtoms 5
Radiolarians
Sponge wpicules 1
Carty, urspec, o

wd= wala
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SITE 438 HOLE B CORE 10 CORED INTERVAL: 909.7.918.2m SITE_438 HOLE B CORE 11 CORED INTERVAL: 91929287 m
" FOSSIL FOsSIL =
~ | CHARACTER * CHARACTER
8. 3. 8| 2| orarmic 8. 3 8l 2| crarmic 5
- ol = HOLOGIC DESCRIPTION LR bt =| w
|1| z :% g § 2 s 5 | titHoLoGY LITHOLOGIC DESC 12 :E g § g ; £ | Lnoloey gt'g LITHOLOGIC DESCRIPTION
> o w E0a]
2Nz |8l |4 % F7loNZIZ(glE] |2 2 saz%
= |= |2)2|3|5 = |= [2|2]|2|5 EEE e
¥
B A o 5Y 31257 477
a Dark olive geay (5Y 272 wilty claystone anguiar w d ey ”
: 3 darker, wightly Sancy, sty claystons vitric] asrly stundant white
. F s JL'..T:.’R.'?.I;i om diamsier, Posuibly 5 H ] mndy Layers specks (1and-sized) which are mosly pumice/gias
z g * 2 05 fragments, vary anquler, Some cancentrated in mattles
3] = 1 Black phanitic rounded pebbies s ash in liner, u“ E =] ) . = in Core 8,
=] z manimum 3 em diametes. b vlw N
= L =] wig ] Lighter colored
« =< £ £ g E 1.0 ‘ﬁ 1o 5Y 672 hand 1 cm ayer,
z E Dk alive (5Y 372) calcareaus, sity,sandy, = E 2|3 g - oo
= ale|Fe e d wit srl cpch Ag rchi g HEN . i
rametnr v icite filling fractures w Gray white ash pocket (slt}
11 i wie}, highly burrowed, resembles hard: g = - I}:—: i e Toah)
ground, Section ol tediment are minersl ted o £ (g 7] geoy allty motied {
wirfaces hardering burrow traces and mottles, § o 2 = Bedding in this core it wregular and sppears 10 dip steeply ~35° to horlrontal in paree,
Sk ek 3 % Crushest Mattoned unrecognirable calcarsous fomil white with ome myrite in center
BF [CM|FP [FM =2 em long, slongate) ariented 35 1o hovizontal,

Ao sgma palecypod fragmants

Pelecypod fragments
Dark sindy on clumps of sediment

Thick calcite vin

Silty distomacecus claystons, mattled, micralaulied,

SMEAR SLIDE SUMMARY

i

8z af

21 1
Sand 3 3
Site 12 10
Gy 85 87
Quartr 4 2
Feldspar 4 L
Miza - -
Heavy minerali ) -
Clay minerals [ 39
Volcanic glas 10 a
Glauconite TR TR
Pyrite - -
Zeolite minaraly - -
Foraminifers - -
Distoms g k-
Radiotarians - =
Sponge snicules 1 -
Palagonite ¥ ?
Mecrocrysalline quarts — B
Carh, unepec, - 4
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SITE 438 HOLE B CORE 12 CORED INTERVAL: 928.7.938.1m SITE 438 HOLE B CORE 13 CORED INTERVAL: 938.1-9475m
FOssIL i [ ] FOSSIL e
5 |= |LcHaracTER “ % |- | cHARACTER wl&
o2 8| 2| orarnic o225z o l3u 8| 2| crarnic |35
L5l =3 P 1% w ol = 2318w LITHOLOGIC DESCRIPTION Loy e P PP 2 = = ¢ o o LITHOLOGIC DESCRIPTION
Lz [282(8] [2| |G| & |uiHolocyiZsisn ey 12 (n212(8 5| & | LTHolo Gy [EaleniCy
ERESHENHE 5 IR HEAEEHE =
Z |= |8]|%|2|2 = - |= [8]|=|=|2 =olir=ad
b= | Z|x|0 e L|Z|e|D i
. Dirilling biseuits sat i mud waih, 56 4/1. 7 Faintly mortied olive gray [5Y 4.2) diasomaceaus
= Distomacesus vitric [ty wand) claystone. B clayitane, intersely microteulted in places, SR
0.5 0112 am solt starry of driling induced mad, 05 ame pumice or glass geaing [white soockal, A
. ] \ ] few molds of forams.
- TOTAL © ~ ORGANIC C ~ CARBONATE (%) . H
1.0 4, 120 cm (0.9, 0.8, 1} 1.0
SMEAR SLIDE SUMMARY g 4
= .
aE g - =1
2 ie a Hle ]
H E i = = _é 5 SY 472 digtomaceous claystone intensely micro-
g % s ] » g = _l faulted [almast & beeccialfault planss distiot 1
i} 'i 'E =} =] L8ls o faingaffsets not messured (na vivible bedding),
2 5Y 472 distomsceou ciay- = HE E 2| o
stone (mottied, Currowed], X y < 5= g
Gray calcaroous clay bedand o RN 0w i % zs it
clasts. Dack qrav-bisck mny 5% 0 z ciz ]
mattes and specks. Drilling ~ Silt 20 z ” g | £[* .
biscuits in clay shurry 5Y 4/2 Oy ] B8 B0 o -
o distomaceous claystons; Quartz 3 4 1’ =
H =, motthed, dightiy sandy, Feidwer 5 & 7 :
8 ] Mics c - ™ 3 BY 472 claystone, imtensely microfaulted,
g g - Hewvy mineraiy 1 T - 3
g ole = Clay minerals 82 a4 48 - TOTAL C - ORGANIC C — CARBONATE 1%}
=] = E 3 - Volcanic ghiss 8 L 6 8 [EmlrmlEm E 2,11 em (1.0,08, 2)
H FleE tr Glauconite H 1 R
= E o< - Pyrite = = = CARBONATE BOMB
g = ] Zealite mineraly - - - 3, 5254 cm = 2%
= T |z = Faraminifers = = =
] . Diatorms 12 20 a SMEAR SLIDE SUMMARY
g9 i Radialasians - Z -
] Soange smiculss 1 5 3 i8 i5
. Palagonite 1 1 1 i
=5 Microcryviailine quarta ] 8 - E 5
3 Carb urpee 2 8 9 £3EsE
4 . 533 a3
= 101 333
3 ftied Sandl 20 2
Some slight bedding, Sit 20 2
pawible seep angle o
lowe anghe smail offser &y L] 76
microfalts - 307 1o Ougrez 5 8
horizomtal Faldipar 7 13
BY 42 faintly mottied claystans inyers. Mica = &
SY 5/2 of irregular thicknass faulted g‘:""m'i'.':::" 3; a"'
5 Veleanic glan o [
B [FMIRM [FP Glauconite ™ TH
Pyrita i =
Zealite minerst - -
Foraminifers - -
Diatorms 7 1
Raticlariors = -
Spange spicules 7 4
Palagonite 1 1
Micracrystalline quartz 7 -
Carb. unspes, 12 4
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EB 4 CORED INTERVAL: 947.5956.9
SITE 438 "°F"°m|_ LORE Y £ L SITE 438 HOLE B CORE 16 CORED INTERVAL: 966.3.975.7 m
N > FOSSIL
S |z CHARACTER | " 9 % || cHaracrer y ol
o lew O| = | GRAPHIC o RIPTION o, |2 - z|m
1z [n2218| 2| |5| & |urHotosy K clgel i T3 |52|2|5] |2 9 & Lg';‘:;_:':‘, (258, LITHOLOGIC DESCRIPTION
23 lon|2|Z|g|8| || = S2%3 w5802z, 2% SSizuss
= |= |8|=|a|2 P =T =M =lz|8|k “ T3
3 £z« |5 F |= |°|2|&|3 SHES
6 [rlemice | Jeq | 10|
i [
Dark greenish gray [5G 4/1-5/1) clavstone with w .
" A o a BGY 4/1 vitric claystone moderately but faintty
& 2|2 S g e Bt (g, o z Semall faram (benthic) mattied, shightly vitric [sitty) highty fractured
3 g 8 o A molds, core bubbiling {healed],
= =z = oime g
: 3 > g - £ E« TOTAL € — ORGANIC C — CARBONATE (%)
= i w g Broken into very anquiar 1,23 em (0.9,0.7, 1]
% rlw|< § BF 1% phecas set b drflling
3 é able [len shry SMEAR SLIDE SUMMARY
- -
e
SITE 438 HOLE B CORE 15 CORED INTERVAL: 956.9.966.3 m ;é
>
FOSSIL il
= |- | CHARACTER = gl=a, i v
o T S| £ | crapHic |oalz=s
== ol & LOGIC RIPTION o 3
1Z|52l208 g 5| & mnotoev%! O HTHOLDGIC. DESE Clay @
g2 lon2|Z (|8 |2 = 5223 Doz 1
R HHE EEE e "
Hewey mineraly ™
oI oties SGY 41 and i g b
Q & xt w?\' (N4) ash; :I:I:::::m '::1
a . (o] wevansn ;::n. | b
ite mireraly -
z 40 1
w Qe aa bl Vitrie distamacsaus claystone, mattled , with ::'"""‘"‘“ 2
z |2 & 7| fractuees, care pieces break slong "heslad” whibe 5
=] i 3|5 i fracturey lined with very thin dark green gray Radialarians -
=] w as material but no lickenside woen on fracture Spange ipicules [}
= .3. E f'e) mwl.gwy. does not seem o be o Palsgonite 1
L —4 hrecc rectursd as preceedi Microcr
E ﬁ 5 | Diatoen nr!‘:rrl!iun nu: Cainten c.u_‘.‘::;h”m"" :;
§ = _Ej < i Slgg| Sty mortied TOTAL € — ORGANIC € — CARBONATE [%}
| ar ash—rather hard] 2.67em (0.7,0.8, 1)
2 o SMEAR SLIDE SUMMARY ]
2 il
8 |AM|FP | RA [o] g iz o
=
it
155 191 250
Sandt 5 & 35
si M W I
Clay w76 40
Ouartr 5 6 10
Feldspar 8 7T 12
Mica -
Heavy minraiy 1 1 -
Clay minerals B8 45 8§
Aolcanic plass 5 10 65
Glauconite ™ OTR 1
Pyrite S
Zeolite minersly = .= =
Foraminiters - -
g 6 10 2
Radiotarians - - -
Sponge spicules 2 6 3
Palaganite 2 1 -
Microcrystalline quartz m 12 -
Carb, unspec. 5 3 1

LOI
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SITE 438 HOLE B CORE 17 CORED INTERVAL: 975.7-985.2m SITE 438 HOLE B CORE 18 CORED INTERVAL: 98529948 m
FOS5IL FOSSIL o
% |- | cHarAcTER o |= [ cHARAcTER =
O |au 3| 2| craruic O i3 3| 2| orarnic g
bt = & LITHOLOGIC DESCRIPTION Ll el =| w [z 2
LZ |32 g 2| |5| & |utHotoey 12 [=3]2 § 2| |g| £ | umoroov[EEEEE. LITHOLOGIC DESCRIPTION
BN FHEFIE RS 2 [eMZIz I8l (B 2 23
- = 2 zZ|l=|D = - E 3 : 5 =
[5Y 3/1] glaucanitic
Black (5Y 2/1] clayey siltstone, very highly cliyey sutone, Very dask gray (5% 3/1) dayey iltitone,
Thin ection indurated, mamsive, but some slight, Teint mottling, [0-2 em, rich in very
na naticeabbe sedimentary structure. Pyrite and fing-grained glsuconitic
1 mmalds of benthic foreminilerss are seen on split u'-l?l"‘!. possible 7 dln:
face. Vertlesily broken fractures and sorme slicken: ' Promingut factucs s, 81
udes are observed, Slickensices 47", dip-slip movernant
TOTAL C — ORGANIC C — CARBONATE (%)
2,142 em (0.9, 0.8, 1)
8 i 3,7 om 0.8, 0.7, 00
z B CARBONATE BOME
g1 2,668-71 om = 0%
Z v v
= E Burrow-mattling, fight gray, misch finer grained matesial fils all burrows m‘:::,’: b e
g wlg 2 lappeats to be mastly quartz), 2 '
§ u SMARE SLIDE SUMMARY
5 g = Glauconitic clayvey sitstons, mast glavcanite gras are very fine-grained wnd,
= Biack {5Y 2/1) clayey fé’
w - é R e b
g : g
= z
L Ry w g g Very dark gray (5Y 311} clayey silntone.
] Sart 2 & 5|2
3| 7 sin a5 2 wlg 3 TOTAL € — ORGANIC C — CARBONATE (%)
_'l Clay 35 = o 2 1,142 cm 10,8, 0.8, 0)
. Ouartr 7 < g 2,133 em (0.6, 0.5, 1)
2 ool ¥ £ = % CARBONATE BOME
= Black clavwy siltstone ; Mica -~ E g 3, 111.113cm = 0%
gty g —7] Posible dywatering sructurs,  Heavy miniral TR e | < "
B|B|RP|AP| |CC PR Gyl sl tf burrow mottles: siso plant Clay minerals ag SMEAR SLIDE SUMMARY
material, and pallen ;ﬂ‘ﬂ""ﬂl‘:ﬂi 3 Very dark gray
Pyrite TH 15Y 31 clayey =i 8
Zeolite minarshs - a Mg e 2 § 8 -i 11
Foraminifers 5 g 3 ta g is
Distoms TR E ; ti 3 s
Radioarian - % &8s o ]
Spange picules - 193 2136 3932 587
Microcrystalline quartz 30 Sand 0 o - 1
Palagonite 1 Sine 50 0 ” 35
Carls, umpac. 7 Clary 40 40 a3 2]
Cuartz 50 a2 7 20
Feidspar 5 5 1 0
Mica - - - -
5 Hesvy minerals 2 2 - 2
Clay minerals 35 35 75 B0
Voclanic gilass 5 5 5 5
Glaucanite 1 10 - 1
Pyrite 1 - - =
];: Zuolite minerals — e TR TR
Foraminifers - - - =
B [FPIRP Diatoms - - - ™
Radiolerians - TR TR -
Spange waculos  — - - =
1 1 -

Pulagonite

6P ANV 8¢ STLIS
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SITE 438 HOLE g CORE 19 CORED INTERVAL: 984.8-1004.4m SITE 438 HOLE B CORE 20  CORED INTERVAL: 1004.4-1014.0 m
FOSSIL FOSSIL
=
2 - CHARACTER | gl=d, % |- | cHARACTER
0, - Tl = a a4 e
Sz 5z|ulgl |2 g & l'i:,;‘[ﬁ':, 55 LITHOLOGIC DESCRIPTION e l=ul el e é & | oRardic LITHOLOGIC DESCRIPTION
»o|2(Q § G|ow U FUzs 1z [2212]0 5| & | urHoloGY
e H AR HEHE HIESHHAEEE
- e < | = s 1= <
= |= |9|2|2]|5 = - = § FIEIE
4 :.u a:.. gray t;:;m h;:mwﬂnmn gaucanitic Massive olive black (5Y 2.6/1) homogensous
* Accumulation wyey siisiane eml. ] glauconitic clayey itstone (0300 cm).
Gaueonite graine | 56 v angular pods (4-8 mm dismeter),
gving dark bedy 05 | @ |57 composed of glautonits grains.
1 1 O
Clayny siltenne glaucanite baaring 1+ 10%)] in e
shagmed grasra care. 10 ||
A d | d
18
a0 Darkc olive gray (5Y 3/2) homogeneous glaucanitic | & BY 2.5/1, pod become scarce from 230 cm
elayey ultstonn relatively unfractuied, o Rapid d.:m af glauconite contents from 280 cm
y Pebbie, flat, dark davigrt,
2 2] P ritized carbon fwoodl,
| = u 2 cm and 4 mm thick
- E
Ik
I Durk abive gray (BY 3/2) homogeneous glauconitic s ik Diive black (8Y 2.6/1) homoganeous clayey
| ayey wltztone. 5 siftstone (300776 cml,
N £ Fine pace of wood
I Black spot, Smm s Smm,  TOTALC — ORGANIC € — CARBOMATE %) = ] TOTAL € — ORGANIC C — CARBONATE 1%}
o 3 | 53 anguilar mostly glauconite, 2.81em (05, 05,0} @ & 3 2.77em (03,03, 0/
w o e size also finer (400450 cm] 4, B4 cm (0.6, 0.5, 0) s g | - 325 cm (05 0.4, 0
a 31
g ] 1o | Bumowwinsvantineg  camsonaTe Boms e g | § 0108 om0
g Z l and glauconite at rims 3, 116118 cm = 0% = = ﬂ iacke jgut SMEAR SLIDE SUMMARY
i) z I Viey i) gay IRCOL SMEAR SLIDE SUMMARY g = |
w w E. 1 gauconitic clayey siltstore, g § < BY 21 =5
§ 3| g =l homogenecys (4501000 em) E § 3 _ 5 | 25z i% i
=g e Acciamulation of :§ = Ty o i E- g é
= 11 |az|  wovconite graim : B¢ 4 g8 | L g
g a EE ji3is il i a | Bk pod essead
o - 156 157 5101
i | ] %*:Eiuéu‘i ﬁi ] Sitt 13 ;g ;g
| 178 240 385 472 777 G, 20 [ Clay 0 30 0
| Sand 02 5 10 0 100 | Quartz 2 4 40
Sily 5 5 50 65 50 - Faldunar 5 5 11
| = Mics - = -
i L RERR 1 Greenish (5GY 2/1) Heavy minersls 2 TR 3
| - duyey silnions Clay minerals v 20 0
| e Pyritic Feldspar 5§ 5 2 § § - | Valeani gl - & 8
| & hed Wica, i AN v R Diaek grayish rc:"un?"m ‘g 2? ‘;
Heavy aty 3 1 1 TR = "
5 | Clay m'l'::n 0 3/ W 3; ' 5 | {6G 4/1) pod Zeolite minersis - - -
b g E 202 1l e © 37
i wconite Faciiol - 2. 2
W otz Pyrte v Al s = l e - T
| orin. Zeclitominersly = - - - - - | Palaganits ™ o1 o2
. Foraminilers - = m = = o= .
' Distarms - MW M- - ] |
. Radiolarisms TR - TR TR - — ]
v Sporge ipicultt. — - = = = = =]
| a Palagonite 1" TR TR TR TR - p
6 | s 4 vowo
[} -
|| =
| L] E
| 7
2 ? Ie gle celre| [cg s Bhoble otblack Dark greenish gray (BGY 471 clayey sittstone,
I I
‘:E oJ
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438 HOLE B

(2]
o

RE 21 CORED INTERVAL: 1014.0-10234 m

6EF ANV 8EF SALIS

SITE 438 HOLE B CORE 22 CORED INTERVAL: 10234-10328m
FOSSIL 7 FOSSIL -
2 |- | cHarRACTER = | | cHaracTEr
g = Bl 2| canrmrc [HSIY o, |« 3| 2| crarmic 255
ol [aw = & TH: SCRIPTION L] i o =l w z LITHOLOGIC DESCRIPTION
1z (522|218 |2| |G| & | vHotoGY Ok HHOlOgICDE EFHEEIRE AR llTHOI-OGY%: B
us(oRl2|Z|g(B| |2 2 EEER £2[on|2( 2|08 || = R
E |=V|=|Z2|a2|% 0 o [ = |z |5l=|2]2 a2l = a0
= |= |2|z|&|a =l - = |QlZ|2]|a 1) e e
15
Greenish black (SG 2/1) sty claystone,
homegenecus (0-200 em), |0 Fine biturbation
g o Motium daek olive gray (8Y 3111 wity claystane
1 B 1 1o and clayoy siltstone,
Senall burrows g ! ? CARBOMATE BOME
T T g o ey, 2amesow
107, - .
w i o ), Sarly s ot SMEAR SLIDE SUMMARY
£ g ) :
g 818 o I
= o 22 Siktyione, vary ymall = EBr_
Greeniih black (GY 2/1.5G 2/1] clayey = = 3 =
sitstonn (200-300 cm), = = o esvuidizal 6% G&3E
o |< ragm
= w 10T 1104
o = Sand - w0
2 = ] 2 St 20 52
Dark greerish griry Clay B} 2 78
1024 156 41} burraw Cuarts ] 40
E-3 Black piece of wood Feldspar w0 L]
Mica - 3
1 Flewey iminer ais 2 5
> e.\f mineesls 86
- Eanic - 3
Groenish black (6GY 2/1] clayey sitptone, B | B [RM]RP g -0 - m'f;,":ﬂ,‘:",:“u" Gf.m.‘.-r" 2 1
S reous, with smakl preces of wood, Pyrite 1 -
) Small pieces of woad burrows (300-500 em). Zealite mmnaraty - -
it 2 =
§ <+ ey TOTAL G — ORGANIE G — CARBONATE (%] Tomiiattec 2
= g 3 ! Sandy bed 2,116 em (0.3, 0.4, 0 Dawn__ 3 :
= §. 3, 102 am (0.5, 0.5, 0} Spange spicules 1
& < @' Hosw ot aod CARBONATE BOME Pelagonite - 1
§ < Small of o e o
* SMEAR SLIDE SLIMMARY
| Busrow
Greenish black (SGY 2/1] g B
dayey sifttone
P i oz g
4 ez 5 ¥
Dirk greenish gray o3 03
i 5GY 4/1) limestone 202 482
g cancretions [2.5.5.5 cm San 13 1"
diamener} Sl 51 56
e Clay 33
Cusriz 4 sl
Faldupar 8 a
| Mica = =
- Heavy minerals 3 1
R Clay minarals n ]
= Voltanic glas - 3
5 . E;mnill ] a
- Tite 2 2
-] vaio Zaolite minerals - -
= Foraminfiers - -
] Diatorma = =
Rodiolariam 1 1
. Sponge spicules. 1 -
B|B|B |AP cg ey 0 Grawnish black [5GY 2/1) mudstone drilling beeccls
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SITE 438 HOLE B CORE 23 CORED INTERVAL: 1032.81039.2m
FOsSIL M
% |= | cHARACTER -
o, |2 8| £ | orarmic |y2fzxt
oW | (]
T; :g g 8 ;J E E LITHOLO GY -= ;Egs LITHOLOGIC DESCRIPTION
= z o =3(E90a
71982z (8[| (W] 2 loazs
= |= |2 2= B t= b e
Pyrine in buisrow mottle
Olive gray to dark glive gray (5Y 4/1.3/1)
dayey silistone,
Laminaticns of fine sandy
material in cosrser, lighter
intervals, quarts and
anconite-rich, with
srrands of organic matier
iplant fragments?) parallel to
lamination and some lineation
a of dark slongate heavy minerals,
w
z
E Laminated sand with 207 dig
w =
g u
8 E H Dark olive gray (5Y 3/1] clayey siltstone with
= g E« sama coarsar thin intervals or lamsnations of
SHE Caarser laminated fing-gr sned fine sand, but no distinct grading,
-3 =3 sandl interealation with high
H = i angle
8 g Fatrid, coarser lamination lew
3 than 1 mm thick, nearly
harizontal attitude
BF|
AP B |FM[RM [EH Dk olive geay (BY 3/1) clayey siltstone
TOTAL € — ORGANIC C — CARBONATE [%]
), 16em (0.8, 0.8, 0}
SITE 438 HOLE B8 CORE_ 24 CORED INTERVAL: 1039.2-1040.7 m
FOSSIL i
S |- |LcHARACTER u
0.3 8| 2| crarnic |o255ls
[~ Pt o L=
12 |=2Z|w 3 g = E LITHOLO G Y (2] O LITHOLOGIC DESCRIPTION
mﬂgoizwo 2] = =3|E90n
7 |2M &z (8 L= w =[O T F
- m ([o|Z(«(2
= w“l|Z|x|o
B |B | B|RP cC Pyritic blebn.
it Maclium- 1o cosrse-grained sltstons, brecciatad
z by dirilting
-
¢ £
g
3
§ <
3

6EF ANV 8£P SHLIS
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SITE 438  HOLE

6EY ANV 8t STLIS

CORE_1 CORED INTERVAL: 498.0506.5m SITE 439  HOLE CORE 3 CORED INTERVAL: 64906575 m
“ FOSSIL e FOSSIL -
5 |- [_CHARACTER s = |~ | cHaRracTeR =
o lEw 8| 2| crapuic |,im0s LITHOLOGIC DESCRIPTION O | 8| £ | orarnic o323
1z 172[2(8] (2] |5| & | urHoloeyZEECu 1z |52l28 g £| & [ LrHotoay 8w LITHOLOGIC DESCRIPTION
"'3Du-tzm§ wl E Z50s w3802 Z | |l 258
A HEEHEE 2222 S HHEHEE 22
b-"gzgé e = [= |2|2|2|5 Sl S
¥ = o Ofwe grav (5 4/2) di claystone, mottied [BRlcmlcalem] fee| o oriicurmines |
8 : H o t Mattie 1 em in dismetes, olive (SY 473}, o
i = § 2 55 Small burrows. u E
£l = g Q Black (5 R 5/2) make g =
E p| 9 ] o SMEAR SLIDE SUMMARY S £ §
" | |relcmjamicw & HHE
u )
o =
i: g HHE
i Rt
L g §
155
Sand 10 2
Sil 20 o
Clay 0
Quartz 3
Feldspar 1
Clay minarals 58
Volcanic glass 10
gp';':‘ww = SITE 430 HOLE CORE 4  CORED ¢ 74507635 m
Lagonite TR FOS5SIL 2
Sillcatiagellates TR : : CHARACTER . s i
=] oy b e
&t r2lalw 2| & | oRAPHIC 2318, LITHOLOGIC DESCRIPTION
1z|52|2(8 g G| & | umHoloey ERiense
SITE 439 HOLE CORE 2  CORED INTERVAL: B55.0.563.5m 2 (onl2I2 (g = i = ,‘.;‘
- FOSSIL e = = |2|212|z G S
S |~ | cHaracTER e
o~ 8| 2 erarmic |o2fz=s Grayish back (N2} sand {ash) § i
S5z 2|s| |2| [E] & | immorooy e 8 LITHOLOGIC DESCRIPTION divseminated s sbove and beiow.
wo ol W o Dewatering veins displaced along a fracture,
ws (AF|Z ] b B EU0n|
= = |5 ] § g b > é ? Grayish olive green (GY 3/2) distomaceoun
= HEIFE = 85 claystone with maderate olrve brown (5 4/4)
matties.
(o] Black 3 mm rounded peblbdaes probably fram higher in hole, r E:;:l\;mranm :l:!‘s:!w';';‘ﬂu:.l“‘ —
. urrew-matties 5 b
o E o and dewatering wwint.
z - = o Medium gray (5Y 5/1] vitric distomaceois claystons, moderataly motthed, ;
] SR o .
= g Light olive gray 15Y 8/2) 2 em montle. w A
« B Of Y [108 ] 2 ol
& -l o SMEAR SLIDE SUMMARY <] -
= o = 2
o o R f
(%€ | satcaa fena] ofl % a ; Light olive gray (5 §72) cakcitic coneretion
a with slightly porous outer rind which deflects
H = fractures and veina.
- i Zone of subhorizonist SMEAR SLIDE SUMMARY
108 n whearing of weini.
Sard 5 0¥ 472
St 30 B Woody fragment
ok % £r
114
Feldspar 8 Fracture cloavage and = -
Clay mineraly 48 sigmoidal shears. .E' 3
ic 15 BF Intansely fractured, black e o
Glaucornits TH RP| B |FG|RP wbna; motties sheared. i |u-ﬁ 5-,11 3;0
Diatoms % 1
Spongs spicules TR Sik 2 1w 10
Clay 0 83 8s
§ 10 3
F 3 & 2
Clay minerals ! 77 8@
Volcanic gless 2 2 1
ite - - ™"
Pyrite - T -
Dhatesms. 1w 5 2
Radiolarians e ]
wicules E 1 2




SITE 439 HOLE CORE 5 CORED INTERVAL: 849.5859.0m SITE 439 HOLE CORE 7 CORED INTERVAL: B68.5878.0m

el

FOSSIL = = FOSSIL =
=
RACTER CHARACTER
8, 15T 5l 2| on i S, 2 3| 2| crapmic |33
w|
T; 2elulal e g & |.|ra?::gll.'fv =58, LITHOLOGIC DESCRIPTION |5z 2|5 12| || & LTHOLO oY B2 z38. LITHOLOGIC DESCRIPTION
w w =y wg ol w [ g
HEEHEREREE: BECE 2 onl2Z (|8 |2 = e
£712Mg12|8l5| |- aazs £7[oMgiz18]g| |5 eozs
= = |921Zz|2]a || S - = |2lzl=|& EeEE
4 Voo Grayish olive green (SGY 372) claystone, intensely mottled and D alive gray 1o olive gray {BY 37242} virric
E == * burtewed. ) eleystane, intensly mottied and burrowed in the
5. Zone comanted into locally pyritic light olive gray to pals olive 1op third, moderately mottled below that, Light
05— (5Y 8/2.10Y 6/2) lumeytone, cut by sovoral generation of gray 5 mm sift-aized tulf layer ot 13 em; grayish
fractures {iled by caleite, Shesred broce:a rone ot 85 em, ” black [N2] pocket at 56 om,
" N 3 1 Sandy ash-Hiiked maztie at 75 cm. 1 Light gray (M7} siltaired
= = . ot sightly graded & cm wwff,
=3 g 1.0 with 2 em sanditone
o ] 1 124 veini below, and 2 om
= g T dayey limestans bed
u ) | ea'dn:mmn Ilmmnu:‘dmllm oy very linegrained slightly nem i
o _ o poorly sorted tone, "
(=] 8 g 3 Burrows dinplaced 2 cm slong & fracture, < m:ﬂ:“ﬂﬂlnllﬁmm
= ] Dip to bedding 10 (equsl 1o hole deviation). = >
. 55 Sheared grayish black vesms; calcite-cemanted burrows, B Strata dip 267 ; hole deviation -8,
= Black ytamed fractures, 3 wide, §
= TOTAL C — ORGANIC C — CARBONATE (%I w!:;ﬂwmlmv:;‘mmmu
] 1, 34 em (8.8, 0.3, 69) are ottt a few mm in places,
= 7 20em {0.7.0.7,0) w i
il Ly 1 I
SMEAR SLIDE SUMMARY 5] 2 [T —— TOTAL C ~ ORGANIC C — CARBONATE (%]
B 138 nraced 3 em tuhf. 2,80 cm (0,5, 0.5, 0)
= ‘ 4, 55cm (0,6, 0.6 0)
-4 Pumice fragments, 3 mm
& in diamator, undorian by CARBONATE BOMS
§- a £ offset and brasded veim. 3, 4486 em = 1-2%
3 4
i g i < Otive gray 16Y 4721 SMEAR SLIDE SUMMARY
- PEE ) | | ==
d
Sy 40 20 n Sanchy pryritic body
Clay 58 75 76
Ousrz 3 18 L Bandy bady B
Feldupar 3 & 6 Dark gray (N3} mattle i oz z é
guw minerals TR 2 I: T - - o
ay minerals -
Sy 2% % R V7 2 e
Glavcanite - TR - 3 S 3N n 80 20
Distorns - 8 7 B Chay ™ o0 0 m
Soongs. spicubes. ] 7 Quanz i 5 8
g:m ] ? [ . . Feldspar 4 10 10 n
= iy : Heavy minevaly TR ~ -
Partings Clay minorals 6 5 W 7%
Vileanic glag " om B1 1
Pyrite - = 3 2
g;:w 8 - 1 &
spicules . = = e
SITE 433 HOLE CORE 6 _ CORED : §59.0.868.5m & |aMamep|  [go Shicofingeliates m-. - -
FOSSIL Cocooliths - = TR -
s = CHARACTER | -
o g| 2| er s
al o gl & APHIC LITHOLOGIC DESCRIPTION
1z 521218 g £| £ | utHoloey ;E
S ESFHEHBEE =
- = =
= = [8|Z|2]a =
e gle |elB cC h vOID Darkc gray (M3-4) dense silicscemented
uzJ wndstone, 2 cm thick (possibly out of
8 macel.
: £
«
: 3
k]
-4
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SITE439 HOLE CORE 8 CORED INTERVAL: B78.0-887.5m SITE 439 HOLE CORE 8 CORED INTERVAL: B87.5897.0m
FOSSIL L i FOSSIL >
% |- | cHARACTER » sl S Iz CHARACTER | 5 "
o, |2 H Zlows - O| = | GRaPHI ]
Sel=wl || || |Q] & | SRaPHIC loloEls LITHOLOGIC DESCRIPTION wljaenl 1ol | 2| & m.oscv 2 LITHOLOGIC DESCRIPTION
1z |23/218] |2 |G| & |vHoroey Z=fin LZ|n0|2|2| [Z| |G| = | U™ %‘*
S22 om|Z| 2wl wl E ag ==au¢§g,_ Wl E =
= |=V|=|Zzla|g " =t = |z |8lg|2]=
= |= |2 ‘z‘ 2la £ b e - “|Z|=|B
CcM Black graywacks pebble, probatéy from uphobe,
Diive gray 15Y 4/2] claystons, slightly to p
intantel rrind. Fine gissconite biebsiGl, FP Sum-.n_m pumice fragments.
i g e .m‘: e | i w Deweatering veirs.
Tulf layer overlain by witric icareous clavitone.
! ,
* Fra, : Ofive gray (5Y 4/2) claystone, moderately mottled and burrownd
Dip 26"
Medium sand bodies. Large avold burrows.
BF Calcite-cemanted burmows
lted dew :
oF) Liis et AP Qe 6V 813) marston. i 15
Sandy pocket
2 Sand-sieed pumice grains,
medium gray (NB) i,
TOTAL C — ORGANIC C — CARBONET (%)
2,1cm (0.8, 0.50]
4,54 em (07,06, 1] Dewatesing veins,
Selry bed
CARBONATE BOMB w Dark gray (5 471) ruttine.
g::lﬂi;-ﬂmﬂhd Burrows. 3, B4-5G cm = 0% ﬁ
7 P—— SMEAR SLIDE SUMMARY s Dark greanish gray (5G 4/1) burrowed sandy body. Light biuish gray
™ - = K 158 7/1] busrowed tull. Madiuim biuish gray (58 5/1) 3 em tutf,
Closely spaced dewatering [ :
z o v E w b
¥ em sty tutd H 3
§ em gty tul -] 5 E g E 3 Lignt buish gray (58 7/1) 5 om silt-sived tuth with burrows at top which are
2 H Light gray [N7) tutf £ i £ i overlsin by parallel black dewatering veins,
* E 23 883
£ < B
s TOTAL € — ORGANIC C — CARBONATE(%|
b svan Gy 0 80 B0 85 Semull horizantal burres, 1.43cm (0.7, 0.8, 0)
dewatering weins, Chaarts a '8 '8 8 ip 5, 4,98 cm (0.6, 0.6, 0)
1ff body Feidspar 4 4 3 a i
Haavy miner sl 1 1 = TR CARBONATE BOME
Clay minerals a4 M m 7, Dewatering vesrs. 32,4042 cm = 1%
Volcanic glass 15 5 5 3
Small white Gleucanite T =" e . 4 SMEAR SLIDE SUMMARY
o pein P T35
i 108
L dewatering veins Fatliolerians TR TR _2 =
Spange ipicules - = 1
RP Carbonate 0 - = = g E
Palaganite - = = E i - é
]
Medium gray (NS] - [~
sandy tutf bodies 170 246 3108 573
Sand 1 - 2 10
Mediim bluish gray Sl 15 20 73 30
158 5/1] slightly Clay B B0 25 60
BE raded tut Ousrrz 6 4 3 4
Feldsgar ERE 3 ] 8
Tull layer, T mm RP{ B |AM|RP| Heavy mineraly - TR TR ™
31 Clay mineraby M| ag 15 53
i Valcanic glas 5 5 M 30
Pyrits 11 1
Diatoms 6 3 - 3
Radiolarians TR — -
Sponge spicube 1 2 - TR
bonate - B - -
Fine dewatering v - -l -
i pirist Palagonite 1
o B |RM|RF
Mediun gray (N5|
et body
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SITE HOLE CORE 10 CORED INTERVAL: 897.0.9065m SITE 439 HOLE COREN CORED INTERVAL: 906.58155m
FOSSIL FOSSIL
% |- | cHaracTEr = % |- | cHaRacTER wlZ
o, 1= Z| 2 g 8, |< z| w [y
- -3 -3
= =al o)l || [2] 8| SRAPHIC legzSle | LITHOLOGIC DESCRIPTION o1Ezlnlg) |2 Q| & | GRAPHIC joglzoia LITHOLOGIC DESCRIPTION
1z 2[8| |Z| |G| & | umorosyZaha Lz|%3[2|8 G| & |uHolosy Zain oy
B EREE a3 g2lonf2)Z1818] |8 2 c2%3
z |= [o|Z|=]Z R - |= |o|2|=2]|3 SR
- w|Z|=|B - HEACIE
‘ Sand-zed pumice graing Dack gray (5Y 4/11 stightty martied Greenish black [BGY 271 claystone with dispersed purmice and gyrite grains.
-~ homogeneous chaystone,
Dewatering veini
1
TOTAL € — ORGANIC C — CARBONATE (%)
1,52 cm (0.7,0.7,0)
i ’ Silty pocket em (0.8, 08, 0)
White pumice fragments CARBONATE BOME
* 3, 2-Mem=01% Greenish black [5GY 2/1] tuffite, intensely burrowed et bose, and with purmice
Dewatering veir clast incressing 1o 2 mm at base,
SMEAR SLIDE SUMMARY
3
3 g Black s
£ <1 2 el
: = i
@ E
w w B - < Gresnish black (BGY 2/1) cloystorm
g g - 1;3 383 472 § Whits pumnice fragment, 3 mm,
¢ o\ & 5 %8
E E < % | Y g:'.,,, s 3 3 ol Pumice fragment, 1 em
Dewatering veins, s 3 2
w w
Tract Hemvy minerals 1 = -
g g ky Y S iy oo Mediurm bluish gray (58 5/1) 1t
= = a3 Disparsset pumice graing :::_'ﬂ:ﬁ!ﬂ'- 5 l: 5 3 ARSI peeY )
EHatoms _5 B _5 Fratture ponin containing calcareous concretion
RIlM‘lu!i-I:‘I T;I - _2
Dewataring veing Spenge pieules = ; .
Y Oiporiod pumice Palagenite T ™M - Limestone concretions
Orgir Wery dark gray [5Y 3/1) vitri ining 7
!ml"ﬂ.
B 4
Duscneion veing Madiim light gray (5Y 6/1]  TOTAL € ~ ORGANIC € — CARBONATE (%)
T B| BB |RP| wauconitic limestana, 3,46.em (0.9, 0.9, 1)
CARBONATE BOME
el gray (NS) 3,4142 cm = 01%
sandy Dody SMEAR 5LIDE SUMMARY
B |8 |cG|RP
E . 3
o3 oz i:
o L= En
1101 266 371 435
Sand 5 15 20 10
Sit 15 20 B0 15
Clay B B 2 75
Ouaetz & 4 5 15
Feldipar 3 4 15 2
Clay minerats ™ s 8 87
Vaolcanic glass 2 30 @ 0
Pyrite 2 - 2
Digtoms -] a - 5
Pracliclariams 1 - - =
Spangs wpicules - T - TR
Palagonite 1 - - TR
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: + 932.0935.0
SITE 438 HOLE CORE__12 _ CORED 916.09255 m SITE 439 HOLE CORE 14 CORED INTERVAL o
FOSSIL = i FQssIL ulz
% |- | cHaracter slmd U | | cHAmacteR || 2l<ale
(<1 . Bl 2| orarhic |2 E=r O |Euw 9| g | GRAPHIC lozl5¥E LITHOLOGIC DESCRIPTION
e |ew o o = B LITHOLOGIC DESCRIPTION =|Ez|nln w ol = LO GY [25|wn! O
1z (52(2|8 G| & | uoloey R Sy LZl=alZ|2| (3] |B| &|“™me SlzU5%
walom|€|Z E wl ¥ 2= £ [ONElZ |8 || | B=T3
s |9~ 21Z |8 n o E |I=T]= < el 2]
Z = [8]%(2]2 laze = = |2l2|2|3 o
= _h_l"l—l—‘l—l'
(o] . Faul surtaces with slickensides
w = % Dark gramnish gray [BG 4/11 limestane, 'S 1 20, 40, v B0 em Thin sequences of graded siftitane,
B Dark gray (N3} clayey sistone, becoming gradualty 1 Clayey siltstons; pressish weenish biack (5G 2/1)
w =] 05 ST Tl 051, iHaki302m TOTAL € — ORGANIC C — CARBONATE (%)
= B = 3 X | o1 1,87 cm (0.9, 0.8, 1)
=] = 3
5 CARBONATE BOMB
g Farve g vt graced seuences
4 % 10 Daric gray IN3) vitre sandy siltstone. from sandy siltstons to LT 40%
& B w ‘ gy Bitare SMEAR SLIDE SUMMARY
= RP - TOTAL € — ORGANIC C - CARBONATE (%) i gl AR
£ ] 1, 145 em (0.3,0.2, 0 S " =
- w Q
7 - SMEAR SLIDE SUMMARY g 3 ] ’L Small contorsed burrowa 2
2| 1 2 |z ag | minor tauit (normat); crom- .
e . = 8 |z |z L] laminations in siltiane 2 T
Rela |Re|RA  [eE[ s Ap (g W == Tutt sEsE 33
= g E g 3|z + Low b i =
- r, Gem
E. §E‘ | = Dark graenish gray (5G 4/1) Sand ;us -‘2,5'“ gsus
siltstone = 5 30 15
138 228 Liméstone (8Y 4/2) spottod ool o B -
Sandd 10 30 138  with black detrital minersls Qe ol -+
it 00 = ‘ Sandy claystons {40% of Gl % n
Clay 0 y7| ot s micocrstation) e e i3
Quarts 50 55 B Fine stuence from sandy Heavy bt~ 3 -
Eeltupar 5 5 siltstane to claystone (and e 25 4
Hemvy minetals 1 2 == limestars at top) » e Iu“ 2 1 -
Chay minarais w 0 BP o u“"’,w‘“‘m,'; P
Voleanie ghias 2 2 AP — Pyrite 2 - 2
gm- * = 1 o ;mu- minesaly ? I
i ko, - =
Diarceia — LLJ Rdioll:m TR - -
Carb. umipee. - - 8
15 CORED INTERVAL: 935.09445m
SITE 438 HOLE CORE 13 CORED INTERVAL: 92559320m SITE 43% HOLE CORE
e FOSSIL o
< cHARACTER 5 g |o |cuaracten | !
o = Uil < 2 a2
1 Z| w iy O |aw O| = | GRAPHIC |u3|Z%S OLOGIC DESCRIPTION
- 2ulolal [o o & Lﬁ{::;:l:* 53:3_ LITHOLOGIC DESCRIPTION sc S2lals| 2| |2 E | iwoioov 28 LITH
lZlngl=s ol @ EVioa wa Z o wl| E ===32%
+5[3013|2 |48 |2 % ZEEEER ezl |gE| |* esizz
E -—l'li‘q o P v = nﬂ‘:a Ermih|
= E Zl2l8 5] Sl wlZ
‘ M1 Durk greaniah gray 56 4713 muddy tutfie, sty ot base, Sandy, ity claysions (30% Ofve grav (BY 4/11 ity clavrioon
Dark greenh geay (65 411} claystone. of querts b m b (g
0.5 5
Fine giltstone with numsraus
Dark greanish gray [5G /1) fiew sandy tultite, 1 Mack laminations (mainty TATAL C.— ORGANICC - CARBONATE %)
RP| a1 sty a1 109, cros laminated. E Secmdn;:m P, . 04,
Dlark greeniah gray [5G 4/11 siltstane, v 1o wnall] and pelecypods SMEAR SLIDE SUMMARY B
layer, F "
Siltytone with fine black
et TOTAL € — ORGANIC C — CARBONATE (%) N s = E
‘:" ﬁé"&.‘mﬁauﬁ'{'& Clayey sittstone 10 siity clay- %‘“ =
' : stone faintly nn;rwmolﬂod
w TE 0.5 cm matties), Inminated g g
AR SARBONATE BouS . bbbt rucepieed P&
2 [RP w contact 160 @75 452
8 g g Concretionary limestone SMEAR SLIDE SUMMARY g = 75 Silty claystons (20% af Sanel 2 18 46
= RP| HH Greanigh black [5G 2/1) w o 2 wuarts i mecro-coystaliingl, Sl 30 W 3/
b bl s ditliionn, hemogen s 8 =] with clay-filled burrow Clay 2 B2 W0
i F = H Ousete ]
= = (= = BF| =4 Cancentration of brawn Feldspar E 8 7
S 919 ] s - Lty biatk arganic matter Hewvy minersls 2 TR TR
5'— §= = = g ‘ Laminated sequences, stightly Cluy minerali 30 M B
34F @ o < gracbe from sand 1o silt, Voiariic gias 17 8 9
i B ‘ tharp contact at base Glauconite 2 2 1
with e, 114 1481 381 : Coarae-grained and Diatoms g A
" - Sand - 50 10 icdarians =
W W W 50 Silty claystane Sponge spicul T_Jl;l ; 5
40 10 40 Carb. ungpec.
= = 3™ o® 3 Y Ineimed famnation Palagonite i
B 15 15
a7 S 1 Duwwataring veing
= 2 2 ibetween turbidites) NOTE:
BF % 8 0 Geadad thin laminated ted F= molluse At
& Bpppig b ¥ ® 0 a8 ‘ fragme
- |relAMiAM] B ccl btz - 11 Mollusc; massive sty
2 - 2 Elaystone
= o W Moermal fault [1 cm offset)
Sandy siitstone [30% of
52 quartz i micra-crystaliing
% ‘ Thick graded wouence
PF
BF ‘ Pelucypod fragments
RPIRMIRP | B F
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SITE 439 HOLE CORE 16 CORED : 89445854.0m SITE 438 H OFI-;SS“ CORE 18 CORED INTERVAL: 963.5973.0m
[ FOSSIL N ] >
» wl
S |- | _cHaRacTER glEa, S | [ CcHARACTER | Sy
-1 8| 2| orarnic 255l OGIC DESCRIPTION 2r|=u S| £ | srapHic o3 5. LITHOLOGIC DESCRIPTION
1z R22|8| |2| || & | uHotoey[ESlericu il 1z (532|8 § G| & |LITHOLOGY Eelaniad
23153312 | 13| (8] 2 26 $2[0R|2| 2|52 || 2 =
— waadt = Z|9|= =
= 'Eé.‘.‘g o = |= |2|Z|2|a i
Mazz wand grad Medium-grained m coane
R bineosdon ey hois SR & arined graded sands consisting Mastly dark olive griry (5Y 301 fing
basal contact Qi 15V A7 e turbichin. ‘ of quarte, lithic fragmenti. turbiitic sequences with minor
Gradded 3ilt 1o clay broken oot el i » woud chin synsaclimantary taults.
Pelecypod (hadly disssived! claystone. Apparent dia 7, . Faull justaisours coare
: oeganscrich sand agaimi TOTAL € — DRGANIG G — CARBONATE (%}
1 Silty claystone JOTAL € - ORGANICC — CARBONATE f) hinteciieg bbbty
Graded sand 10 ult g v Hotted graded, fine sand
Sandly wilty claymone | modlac anid sbundent CARBONATE BOME
‘ "H  Graded from it 1o clay CARBUMATE BOWE eups of dark organic matter 35661 em - 5%
3, 86-B8 cm = 4% ™ i wood?}
_ 2 ! ooe sovmen
* T Ml e gl SMEAR SLIDE SUMMARY & s ST - SMEAR SLIDE Y
Graded from fine il to clay § =3 Silty claystons
w w |w Fine organic-rich laminations 5 & 8 = = % Fault: at least 10 cm offset H a8
=z z |z Sandy claystone L2 g8 . « Woods chps s iy o«
2] 818 ’ s5|  Clavstons; burow motties 3 E g = w ‘ < vand to sty claystone s 2 § H
o (=N {=] B9 deflecting laminatigny g = = Sandy sty claystone g
s == Graced from uilt 1o clay gg ig 13 =1 B H F 3
= e le 2 Sharp contact - v O = Seoured hasal contact e - =
& 1923 286 214
z g Gragee!: sand to clay 113 265 2480 ha| Tt disrupted by tauty Sand ap 21 B0
Sand o 0 12 Sand leny o B 2 1
p | -4 Graded: fine wilt t clay - upper Silt 30 15 1B Duark laminae offset by normal Clay &7 50 5
part burrawed Clay 4 8 70 % fautt Ouartz E ]
Cuartz 6 N 2 Fine 3ilt geading 10 silty clay Feldspar 7 7 4
Laminated graced siltsions Feldspar 6 5 3 Heavy mineraly 2 3
o B R 2 o1 A ‘ Cayminershh 47 3 W
Silty claystane, sightly Py mirmialy % A2 “* Homogensous sty Valcanic glass 9 6 8
mottied throughaut, Walcanic glass $ I clyitone Glaucenite 2 1 1
with mabiuse ragrients Gtauconte Lind Diatoms = 1 TH
FP Dies S ek Radbolariaims ™o
3 86 Radolarians - L 8| B |rP|RA weues TR TR -
Spangaspicules TR 3 1 et T \ A
Pataganite i 2 15 i 5 5 o
Moliusc fragments Carbs, unspec. 8 5 s
t
g|8| |mP ]l T o
SITE 439 HOLE CORE 17 CORED INTERVAL: 95409635 m &_‘_ﬂ HOLE CORE 19 CORED INTERVAL: 973.0.9826m
o FOSSIL = o F‘-n"':';i . =
7] - CHARACTER 2 o g :t-. CHA 2| w v
o, |2 2 H =l w O| = | GRAPHIC |qa|z%la
2rlaw S| = | GRAPHIC loglo%5 OLOGIC DESCRIPTION == o & 3l LITHOLOGIC DESCRIPTION
1z (52(2|8| (2| |5| B |umorosyzgien ey LITH Lz [5312(8| |2 |5| & |umwoloovERenls
HEEHENHRHE Zloas A FHE RN =i
= |= |8|2|2|2 == s |= [2]2]2]3 R
= w|lZ|=|o c|lZ|=|a
Fine sard grading umrward
voIp @ ‘ 10 4ilty caystone Dhark olive geoen (5 3/1) uisbiditic
~ Dark ofive gray (5 311] silty claystone Y = Shaip sopued codiiact wquinces.
= ’ Troughour oadly dstarbed m g &4 g |# f| Vo s mnew TOTAL € — ORGANIE € — CARBONATE (%)
whroughout (badly in drilling], Q g ity v, _
N0 Seepiadiots WAL 8 Bl |z oy Mhredawisentindnon 1, 20em (0.7, 0.7, 0}
1 = =2 =1 Vary fine-grained clayey
TOTAL € — ORGANIC C — CARBONATE (%) P H sitstane CARBONATE BOME
M 1, 16.em (0.8, 0.7, 1) = |8s Smal sand 1o clayey sitstons 1,6355em = 5%
o § <2 gratied taquenes
CARBONATE BOMS 8| BlFG|rr Clayey silt 1o silty clayitons SMEAR SLIDE SUMMARY
(o] 2, 9194 em = 0-1% s =
E 2 o SMEAR SLIDE SUMMARY § .
w e r
o o o g vg
1o | 5 s i
: 3 5 i g
2 T Y [a1]  Sendy, sitty claystone z ;a" ;"“
(about 20% of quartz - sile 0 2%
is micro-crystaliina) 290 o
wy 80 20
Sand 20 Ouarti % 40
Silt ] Feldspar 04
Heavy mineraly 12
8 Quartz & Clay minarals 6 23
AP Feldipar L Valcanic glais LT
3 Mica - Gluconite 1 2
Heavy mirerals 2 Palagonite 1 15
Clay minerals a8 Carly, unspee, 5 2
8 [am| B | nel Volcanic glass 1
ICC. Glaucanite 1
Spange spicules ™
Palagonite 2
Carts. unipec. 4
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SITE 439 HOLE CORE 20 CORED INTERVAL: 88258920 m 5ITE_438 HOLE CORE 21 CORED INTERVAL: 992.0-1001.5 m
FOSSIL FOSSIL A
- £*3
G |o [ CHARACTER | v = Y G | [ cHaracter ] | E i
o |Su S| £ | craruic |Gl LITHOLOGIC DESCRIPTION St fow 9| & [ ORAPHIC loeioXs LITHOLOGIC DESCRIPTION
1z [=z|2|8| |2 |5| £ | umotoey Ou 1z [5Zlalg| (2| |5 & |umoloey Ou
wz |no| 2|8 HIE L =al=viaa] w5 [391%|z .| 7 IS Euioa]
2|on|2|Z|n @l = B 2 |on E =3
= 2Ys(z18) 5 @ ey 2=z |el=]| | blaxE
:‘EE:E i S| - olZzl=|8 nmaﬂ
Camplets Bauma wenusnce (o} Diark olive geay (5Y 3N)
ol ‘ Sharp contact Ofive gray 1o dark olive gray [SY 4/1:3/1) (o] Hayey sittrooy bl I b s i
; ity claystone and clayey siltstone with -
Clayey siltstone oraced wauencel. Sandhtone grading upward
0 homageneows but motiled through massive silt to
with silt i CC— TE (%) ¥ clavev siltatore
! Givrons om0 b0 oA Bl S v
i ' OD:.ncmmmn af wood chigs N o faulvedt 10,6 cm offuet] sand
- = m ey ity snditons grading to clayey siltstone
z E s Sharp, scoured basal contact ;‘m:n?.w Sandy clayoy siltstone
8 oo Clayey siftrione, mottled Fracturnd silty claystone
=3 =8g= SMEAR SLIDE SUMMARY some vickerades on fracture
= =z | = Graded wouence planes; abundant silty strasks
© e e ‘ Concentration of organic = and miortles
W Wl puastieon a ?.'i Small wyrsedimentary narmal
3 £|2 Sty claystone £ L tault (Note thickening of
=1 =S8 E T RA larminae ceer downdropped
Sancly layer; na grading o black within sand unit. Small
9 8 8 ~ 2 land-canl an feft ide.]
? Lamenated organic-rch sitaone % g Clay motiles
bed offset try fault 1-70 1N Fine-grainas sand grading to
TCiayay siitstone Sand 3 a8 ‘g 8 Hine st L bl comtecth gtﬂn‘-l u;nkulnnml-w tuult, 1 50 em
& 7 £ = e
Small yeguence: tine wand to v = L5 -
o St G - = JOTAL 0 DRANME S~ CARBONATE N
B Feldspar 4 0 w E Ehmur::!. |5;sla,|u: ) . 0.4,
Clayey siltstons with morties Hewwy mingraly 1 g8 oturbstion (silh lense;
? 3 ‘ e of coarser-graned st Clay minetals LI § = gn‘t;uz::: -a%
Valcanic glass 4 8 ,
8| B|FM|B cc Glauconite - 2
e ] g el = 1 s _— SMEAR SLIDE SUMMARY
Driatoms 1 TR chayey siltione
Spange spicules 2 - 8 z=
Palayoniie 1 1 g_n_
Carb, unspee. 4 - g <
AP é
]
o 4%
B Coarser titt grading upward 1827300
4 . St 8 5
rapidly 1o clayey siltitons Silt P ;a
Clay 70
Silty martins ?“m az ?g
eldipat
BlBlBI|B Heawy minerals 1 &
Clay mineraly 49 28
Voleanic glass 7 -
Glauconits 1
Diitores. T -
Hrcules 1 ”
Palagonite o
Carb. unspec. 8 -
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SITE 433 HOLE CORE 22 CORED INTERVAL: 1001.51011.0m SITE 439 HOLE CORE 23 CORED INTERVAL: 1011.0-10205 m
1L
= kg W x CHARACTER =
S |= CHARACTER | o=, 2 < z| w Z| 2
2~ o| % | craPHIC |o3/7E = law G| 2| GrapHIC 3
S |xw 9| & < leg LITHOLOGIC DESCRIPTION ez ol e |2] S Bl LITHOLOGIC DESCRIPTION
1z |5212|8 HEB umotoevE-;—E: Lz [a3|2(8| |Z| |G| & |umHolOoGYExbas
soioNIgglg) | |3 * ey SRR g2z
1= = = =18 =
s = 2 ; S =4 = = 2 z|Zl& 18 [wnend Sion
Pelecypod
Dark olive gray (5Y 3/1] clayey siltstone Gantropod Ohive gray (5Y 4 /1) medivm-grainsd
e {Section 1) and medium gray (NS} coarse- sand, mastve, well indurgted, mofluscan-
g grained siltstone to fine-grained sandstane, 05 bearing (gastropads, pelecy pos,
il Durk olive gray (5Y 3/1) massive snd homogeneous. Abundant seaphopaedsl, No bodding structures.
2 ” m‘“w_l 1 0 massive malluscan detris of shally, i Wil preservad high-
Q siltatane TOTAL € — ORGANIC C — CARBONATE %)
= L TOTAL C — ORGANIC C — CARBONATE (%) e petropod ftarcitaita?) 1, 104 em (0.7, 0.7, 0}
3 4,130 om (0.8, 0.2, 1) 1.0 Silty clayey wdstane
i = 118 occatio
H CARBONATE BOME suggest # 35" dip, 3,710 cm = 4%
po Prancunced changs 3,3840 cm = 5%
74 btwaan Sactions 1 4nd 2 SMEAR SLIDE SUMMARY
Mesditem geay [N5] coarse SMEAR SLIDE SUMMARY
grained siitstone or viry Pelocypod fragment
fire-grained sandstone,
BF| mosderately friable = = Articulates pelecypod z
AP g8 2 % Y
2 B 2 T2
2 Articulated pelecypod : H Moltuse fragmants £§
a3 Silty sandutons g g
mgederately well-sorted o ARAE]
massive (na bedding) 182 293 5138 Sand %
and withaut grain-size Band 1% B 50 S il
varistions St 50 30 17 Gastropadt Clay 0
Clay 3B W 13 ? ) Quarez £
BF By Quanz 45 40 50 !f:;‘f:u:ﬂ N':::’H.m Feldspar 13
pad dupar 1 with dark gray ; '
[ » e :,’.L,, 2 2 3 fillirg of cafcareous silt Sl Al H
Heavy minorals z 2 2 Cast. urspec. 2
Clay minarals 2 1B W . Lithie fragmants 5
3 Glaucanite TR 1 = Sitty sand [drilling breccial Pataganite 6
Carts, unspec. - 2 & B|B|B|B cc|
Lithic fragments 1B 30 12
Palaganite 1 1 &
i Pelecyped Iragment
=z
g
=]
a Concantration af
= B pelecypods, some
= 4 articulnted
w
S
=1
Pelocypod and
seaphopod(t)-rich
layar
5 Abursfant
mallisics
throughast
y3af  Clavey sandstone
BF & E:‘!:u mastropod
icM
B |RM| B
FMy

611
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SITE 433 HOLE CORE 24 CORED INTERVAL: 1020.5-1030.0 m 5

ITE 439 HOLE CORE 25 CORED INTERVAL:  1030.0-1038.5 m
FOSSIL e FOSSIL L
= |- | cHARACTER % | | cHaracter
O, < E & GRAPHIC H O, o % = GRAPHIC 5
e lew o) = LOGI RIPTION el few o & 8. LITHOLOGIC DESCRIPTION
1z (5312(8| 2| |5 & |umoloey o HTHOLACIC DESCRI 1z (=312[8| (2| |G| & |uHoroeyizEise
w N w =
£2on2|Z|5]8] |5] 2 5223 O P I =
= |z |ojlg|=|Z =t = = |= |o|Z|=|Z P b v
- wlZ|x|B o = wl|Z|a|B
Offve gray {5Y 4/1] friable sandy siltstans Oiive gray (57 4/1) clayey siltstone
Pelecypod shell with malluscan shells and fragments and Pyrite with n‘a:lrm:m shells :.: fragmenta.
F wood chips throughout, massive. Petocypod shell Mo beciding or other sedimentary
i S s s WO ST TOTAL € — ORGANIC € ~ CARBONATE %) 1 et
% Siligtone 2,95cm (08,07, 1) TOTAL € — ORGANIC C — CARBONATE (%]
' 1o 4, 36 em (0.6, 0.6, 0} 1,83 em (0.9, 0.6, 3)
5.89cm (0.7, 0.6, 1) Pyt 3, 180 em (0.6, 0.5, 1)
CARBONATE BOMB 5,93 cm (0.8, 0.6.1)
3,707 em = 5% + Wopctim CARBONATE BOMB
oA B385 cm = 5%
F Well preserved gastrapod SMEAR SLIDE SUMMARY
A SMEAR SLIDE SUMMARY =
& 8 E © AM < E 5
2 F Wood chigs H £ 2 H ]
B3 -
g g i Pelecypad shail :f E iy |
L4 Aetieulated pelecypart =& =8 kD i kE
105 1101 469 4.73 i ox 8 b
= ooyl Bt
Sand. 10 0 10 & 374 376 583
Silt 50 60 50 B0 Gastropod et Sand 1 - 3
Ciay 0 om0 ® s i sit ©w % @
13 Quartz 0 X0 0 N Cay ®» K0 W
Fedspa 2 20 10 10 Quarte % W0 W
avy minerals - - TR TR T Feithipar 20 W 15
£2 Clay mineraly 5 18 15 23 . o foariy. Heavy mineraly s i oy
4 Siaucomie 22 T . b K| 781 ey (N8I pebtt of Gy minarals 5 » %
Y - Voleanie glass - -
Forammiters - - ™ = calcarvous clivey sillitone - i: = il
Carb. unspec. - - mw - Pyrite 5 = a
- ;,Jmﬁ"_wll !; 2? ﬁ ?Sﬁ Costulated gastropod Zeolite mineraly - = TR
i Lithic fragments % 2 -
z 3 Gastropad shail T Carb, uigee., - 2 5
BF = Wood chipa
AP = Woad chip &
= o accumulation
- Insade shell: calcareous
E g siltstons; silsans
4 i 5 autside shall 4
8 Limery nodules
3 Pyrite -1
Molluse fragments - vain (v
Woad chip >
&
Pyrite
Pytite and wood chips
5 5
Pyrite
BF) BF|
RA FP
Moderate mottling Limey nodule
Pelecypocds thalis
6 6
o Pyrite Waod chipa
Ch
V| Pyrite
BF
7 A RelaM(B |8 %
AM| B |RP| [cC -0 cc| No Core-Cateher
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SITE 439 HOLE CORE 26 CORED INTERVAL: 1039.5-1048.0 m SITE 439 HOLE CORE 27 CORED INTERVAL: 1049.0-10585 m
= FOSSIL - FOSSIL =
S|z CHARACTER by G, o |~ | cHaracTEr " ol
(-1 w Tl = o < w Z o=
& |ew - O = | GRAPHIC |o=|z5l0 LITHOLOGIC DESCRIPTION il T Q| = | GRAPHIC |,925
1z |23 g 8| 2| |G| & |umoloovEein sy 12 22|2(8] %] |5| & | umworoey -;’:ES LITHOLOGIC DESCRIPTION
E=°M z|8|E := Dl E E| E:""""“ﬁﬂe H H
2128|352 S 22181355 |® :
= wl|Z|x |0 - HEAEIE =
Gastoogod shell Medium dark gray friable fine-grained sandstone
Olive gray {5Y 4/1) 1o very dark gray (N3}
clayey sltstame with molluscen shell and 2540 intercatated by cogrser and finer-grained bedy
fragments, Send st bottom of core, Wood Snall theoughaut core,
chipt throughou
Fractures (black] : 1 thatl TOTAL € ~ ORGANIC € — CARBONATE £%)
- TOTAL € — ORGANIC € — CARBONATE (%] 2, 18em 109,07, 1)
1,48 cm (0.6, 0.4, 1) voo|  Coane sind
4,86 cm (0.7, 0.8, 1) with small geavel CARBONATE BOME
B 1 em (0.7, 0.6, 1] (=2 mm) 3,B10em = 8%
CARBOMNATE BOMB
37577 em » 8% . SMEAR SLIDE SUMMARY
Fractuse with black rims IMREATSCIOR RURRIARY. e i H
3 b g |  Cofcite comantea . & E
o Hile Wooty material ]
i 8 8 ¢ 2 - g £ i i :
Clayey siistone ; E E § 5 B |1 25Y 40 85 T wl
&% &3 A3 | 1100 256 2133
202 470 658 L ) 15 20
S 5 15 30 [ Medium-grained Silt m 75
Two pelecypod shells Sh 5 B0 45 ] 8 siltstone Clay 1% 8
filed with limettone e Lt - T Quarte 9 S0 80
Dhuarte 0 45 3B qla Calcite eemented Fuidwmar 8 0 30
Word thios Fotdipa % % 2 | eoncretion of 1 cm g""‘"“'i'""'“"‘ =
Hoawy minerats 3 % 3 diamatar ot Rlotimg B TR
Gy minerals 0 M B . Gapec.
gldmf:dm 'I‘E = L 3
sucanite R R -
Gastropod shell s ki 3 = o
Carb, unipec. 5 31 2 b voID
4 Madium dark gray
12.5Y 4/0) line-grained
B|B| BB e sandstone
B
Very dark gray [NJ)
clayey tiltitone
Articuluted pelecypod
shell
Pelocypad with
Timmery filling
Gastronod shetl
Wood chips
Pelacypod shally
B
Pelocypod shell
ard
gastropod shell
with limey filling
Sanddy slitstone
Sand, wery dark gray (N3}
with black and gray gravel
8lalale and numerous woord fragmanis

Izl
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SITE 439 HOLE CORE 28 CORED INTERVAL: 1058.5-1068.0 m SITE 430 HOLE CORE 30 CORED INTERVAL: 1077.5-1087.0 m
L FOSSIL - s FOSSIL -
S | | cHaracter | e S |u | CHARACTER | =,
0. G| £ | crar b = o 8| 2| or Z\z=l5
S2IERlla] f2| [B] & | ooy gHiz28, LITHOLOGIC DESCRIPTION sI1E2lelg] 2| |E] 2 e [z, LITHOLOGIC DESCRIPTION
«315812(2.3] |8 % EERTEH w3 (501312 |5] S| % R
=72 E|Z 8|5 |- SxIE = (SMZE|Z|E8|%| [» Sl E
- |= |o|%]|2|2 Fim it = = |O|Z|2|Z &l S
w|Z|e|o w|Z x|
: Mecium dark gray [N4)
Medium dark gray (N4} 1, i silty
5% fine sandstons 0-270 em]. m‘i,':‘;:m:,':::“"m'
1 TOTAL C — ORGANIC C — CARBONATE %1 1 Wedium dark grav (N4} TOTAL C - ORGANIC C — CARBONATE %)
2.81cm (0.7, 06, 2) calcaceous Sty sandsions 1, 11 em (1.7,0,2,9)
1 feoderately (risbla. 4, 88cm (1.2.04, 7
CARBONATE BOME Calcarenus silty sandstone,
2, 54-56 cm = 10% friubie. CARBONATE BOMB
2, 1415 cm = 13%
SMEAR SLIDE SUMMARY Calcarcows sandstane, harr,
cementad, SMEAR SLIDE SUMMARY
= =1
St 2 e Madium dask gray (N41
B Lo g 3 B calcareous siity sandatone, § 3
2 moderately frisble. 5 sE
S H
| S 2 i
fs3%8
= 15 3% 33838
Modium dark gray (N4| g 187 353
~ wl inchurgted calcite Sitt - Sanad 50
& cemented sandsions iy n silt n 30
1270300 em) Quprs 7 m Clay 0 @
White calcite veins, 2 mm thick Felospar L- B Cuartz % 38
Heavy mineraly 2 Medium dark gray (N8} Feldspar 0w 8
Mesiism dark gray [NS! Clay minerals 15 16 eafcoreowrs sty daystone Heavy mineraly 1 TR
friable silty fime saniistone Voleanic glan L iy mindrals B 3
{300-396 cm) Glauconite 2 Videanic glass .
3 Pyrite ] 5 3 Glauconite T™H
L Digtoms TR Coarvar and hass industated Pyrita >
Carb, urspec. 10 3 wndstone Raddiolariam TR
br M4, well Indurated calcite- Rock framents n u Carb, umsiwe. w10
e farderons Woady tisiue ™ Rack tragmanm 0 0
-
- Fouil achingids
Colokre veita. T ik ibidle More calcite-cemennod ses
1 N4 ealcite-cemanted fine
— wnistone
B
4 =3 4 T abwious beds outhined
1 wvom by wood fragments s
= fine wilt, digping about 10
which might he caused by
N it dowiation
- ; N4 Hard fine caleite-cemented
g|BlaMiB| [cc "{ﬁ"é:'.?fq undstone
N4 caleste-cemented fine
SITE 439 HOLE CORE 28 CORED INTERVAL: 1068.0-10775m 398 cil i
FOSSIL
e >
o = CHARACTER ol 5
o, |% 8| 2| craphic LE3=3
“=15zlwlg| [2| [E] | rnorooy EafazSu LITHOLOGIC DESCRIPTION
w3|a0Z|2] 13| |2] & =952
=T |2NE|Z 8|5 |% oaT¥
= |z |8 al=z 3y s £
- [rs ; = |0 i e alelele cc Indurated calcarsous sandstone
40
& Shell fragement
(o} Medium dark gray (N&] fristbe silty fine
P [¢] sandstoe, Homogeneou throughout core.
(o] SMEAR SLIDE SUMMARY
10 (o]
o 58 @
le] z'g ag
L] 2 &
(o]
= 186 281
B o Sandd 0 =
2 | Silt 30 30
| Clay 0 20
=0 an Cuartz 30 0
Feldipar 15 15
Heavy minersy 1 2
Clay minerals 15 18
i - Voltanic glass TH 3
wium dark gray (Na) Glaucanitn TR TR
BIRM( B |8 co o Friable fine sandstons Pyrite 3
Foraminitary L]
Cart, unepée. 5
Auck fragments 3 s
Waody tsue TR




trd |

SITE 439 HOLE CORE 31  CORED INTERVAL: 1087.0-1096.5m SITE 439 HOLE CORE 32 CORED INTERVAL: 1096511060 m
FOSSIL = FOSSIL
5 - CHARACTER : - CHARACTER
o= 3| 2| orapmic LIoas Q|3 gl ¢
w
el alal e Bl Sizal8, LITHOLOGIC DESCRIPTION == E2ale] e |E| B LITHOLOGIC DESCRIPTION
lz.,,oio = ol & | UTHOLOGY i P Izwoio g ol &
Y lom|=|Z|w|C @l = =32% 22 lon|a|Z | wl £
gingz w __‘_Ez i_xin’; w
S HHEE 55 A HHEE
Medium dark gray to dark gray (K4-N3) Olive gray (5 372} calcite-cemented
h w100 mederately frisble wnditons
and sandy claystone. 05
B 1 1
B 10 Greenish gray (5G 6/1) anguiar apnanitic materisl
Cacits camented fault with 3 mm wide
B Medium bluish gray (5B 5/1) angular
Harseeiu vk vt destanatin
Thin section granule matrix, Grayish blac mudstane,
S S e e T T
Grain derribvutian in smese side i srroneou BB &1 maximurn diameter of 4 cm for volcanics. More
B for it is crushed 16 see lithalogy » S SN pa o i b o
2 : 2
TOTAL € — ORGANIC C — CARBONATE %)
TOTAL C — ORGANIC C — CARBONATE %) L4 em (2.7, 0.3, 18
1. B8 em {1.0,0.3, 61
4,41 em (1803120 THIN SECTION SUMMARY
Numerous fragmerts of 2,45.50 2, 6667
CARBONATE BOMB gle E abed-atich v Bt Phanocrysts: pabble pobble
p— 3707275 T LA it ey Sotoe T8 s
i "
friable tanddstone SMEAR SLIDE SUMMARY rien Biotite bl
Hornbdende [}
F-teldupat 1 2
3 g B Matic . 2
g g Plagrociase 43 ag
z Magnetitg 4
5 5 'E Cuarts T 7
Adkall teldspar 25 ]
245 4101 Altaration:
Sand ¥ 0 &mmmw i g (Gr. mass)
Seriall shull |pebecy Sil W0 40 it Phana]
B eneed e 3 o x 161 Clay 45 40 DACITE  DACITE
Iponible messios chirt) Quartz 3 35 Taxture Plimnoan_:‘.c Intessertial
Feidipar 08 Interserti
. Rounded petible 1 em diameter e sy ™ a:
Dark (N3] indurated v mineraly 18
w"q:.: . Volcanic glass 2 2
Glaucanit : 1 SITE 439 HOLE CORE 33 CORED INTERVAL: 1106.0-1116.6 m
FOSSIL
Spange srcules ™ >
Gty dmpec, 8 ] w [ cHaRactER | gl=d
Flock fragmants % 20 o, w 4
o Q) = GRAPHIC @
1 Y= nZ|z o g c ¥ | LirHolo oY 228, LITHOLOGIC DESCRIPTION
4 w =5 0al
1 S HEPERER 23
3 Z = 18]3|2|E =
& 3 voID wl|Z|=|O i
R Q Drilling breccis
: ! Masditem biluish gray (68 5/71) rathor fine-graned dacite
= 8 05- Grayish black (N2} fine-geained shale gravel, madium bluish gray (58 6/1)
BF| ] - i witstone gravel and chert pabible (20 mm).
rele |ap| B B o Dark gray (N3] indurated sandstons i £ - 851 Tin sectian dacite
| Dark greenish gray to gresnish black [5GY 4/1-6GY 2/1) decite boulder,
] maderately altered, phenoerysts up to 5 mm,
B|B lcc . Dark greenish gray 1o greenish black (SGY 4/1.8GY 2/1) dacite gravels,
oo O] | | sitsrone, rounded gravels
THIN SECTION SUMMARY
ml‘;‘lﬁ'ﬂ 1, 8586 boulder
sgiociase 18
Phenocryits o o TR
and micro- Mafic a
K-teldupa 1
Plagioclass ﬂé
Magnatite
Ground:  Glag 10
mas Otz 1
Akl feidipar 18
Adweration clay 18
DACITE
Terstu ersertisl
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SITE 438 HOLE CORE 34 CORED INTERVAL: 1115511250m SITE 4339 HOLE CORE_ 35
FOSSIL iy FOSSIL
5 |- | cHARacTER 5 S |; fcuaracter] |
o, |2 "‘ O law o| =
== |=ul la| |a| [2] 8| GRAPHIC LITHOLOGIC DESCRIPTION == 22lalal |2] [E 8
1z 55150 = 5| & | LTHOLOGY wg wol= g 5 ol w
29822 |8[2] |8 = £2oNZz 18l |5 F
= | - |2
= = O]Zl= g = |= [2|Z|2|5
8 B Dark greenish gray 15G 3/1) swbangules volcsnic aphamitic clast, B
Grayish biack 1o medium dark gray (N2-N4) hreccia of cosrsegrained sand-silt
matrix angulsr 1o rounded gravels with 3 mm to 10 mm diameter aphanite rocks
05 of mudstone, snd line-grained volcanic rocks, 05
C‘inull of snguler to subangular fragments with maximism, 2.0 cm and average & mm
1 8l aphanivic. Mudstones are altersd volesnics, with graenish gray (5G 6/1) 1
1.0 1.0-
Boulder of total 65 cm thick decite
Siktstone 1o coarme-grained sandstone granubes
2 0 Fieverse graded bint finar again at top %
! ‘ Dusky green (56 3/2-10GY 3/2) hamogeneous dacste boulder,
£ I appeonimatety 60 cm thick.
9| |
i : |
Angular 10 subsngulis dacite pabbles with mudstone and dacits class
| BiB|B cC
T SMEAR SLIDE SUMMARY
1 &
3 | 5 a g
3t .3
voio § _.; i £3
Filis
- Dacite claus: 131 141 1103
d Mo B cc o angulir Snd 4 os5 7
Silv 20 46 0
Clay 7% 3
Duartr 47 56 50
Fehtspar 3 % 8
Mica
Haawy minerals 18 3
Clay mineraly 35 21
Woleanic glats 2 2
Glaveonite 1 8
gt T LL:]
Carl, unipoc, 1
Rock fragments 15 10

CORED INTERVAL:

1125.0-11345 m

GRAPHIC |
LITHOLOGY |2

LITHOLOGIC DESCRIPTION

Thin section

Medium light biush gray
(58 6/1) pebble medium
dark gray (N3} streaks,
sgesting & fow-banded
wolcanic,

Graenigh gray [5G 6/1) docite boulder and
pebbles, Black (N1-N2] silicified mardstone
Dreceins with maximum 3.5 om dismeter, partly
snclur sted greanish nur [5G 6/1) dacite boulder
with at lesit 76 om d 5278 cml,

Dk biuish gray [58 6/1) parphyritic igneous
chis and Black IN1-N2} ulicitied mudsione
ehast up to 6 em (B0-136 em),

Groenish black (SG 2/11 porphyritic bouldey

of sutrounded 10 subsngular with 14 om dismetsr
{136-180 em},

THIN SECTION SUMMARY

17374
Constituent boulder
Phenacrysts:
Plagsacias i
Harnblande TA
Mafic 7
Groundimass
Plagiociase 53
Glaws 0
Chusrts 9
Alkali Teldaper 7
Alraration:
Mascovite TR
Clay 7
DACITE

Toxture: Intessertial-inorgeanular

TOTAL C - ORGANIC C — CARBONATE %]
1, 100 em (0.0, 0.0, 0)
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SITE 439 HOLE CORE_ 38 CORED INTERVAL: 1134.5-1144.0 m SITE 438 HOLE CORE 38 CORED INTERVAL: 1148.0-11535m
. FOSSIL = L FOSSIL
CHARACTER CHARACTER
8. |2 3| 2| crarmic lis=s 3. |2 8| 2| craen "“' H
w
sol22luls] (o [ B ! LITHOLOGIC DESCRIPTION = (E2lulal (2] (2] E APHIC loglzol2, LITHOLOGIC DESCRIPTION
1z(=8l2(8| |g| |5\ % 12[282(8 §| & | umorosvERTE:
S FEE $2 o822 g Bl (%] % EEit
S HEHE il £ £ i
Grownish black {5 2/1} dacite baullers up 1o L | Pebible of erupiive rock. clesr grav with black elongate minerals
20 em thick, are commanly abserved throughout BF |
i brvlag ] B Dark gray (N3} well [ndurated shale {claysione and clayey sltstone)
05§ Medium grained wandstone clast (1104115 e FPl with medium dark gray (N4) calcarrous very fine-grained slistone
i {reeniah graty (66 7/1) tulf pobble with 3x8 em | intercalations, which sre dnrupted and contortesd on upper sirface,
1120-130 eml., 1
. @ |
10 =1 | 14
u | Smal beds of dark gray (N3 clayey slistone, graded, slternating
z ‘ 139 with medium dark gray INS] fine sandstone, Digs 15 -30°; folded,
Brownish gray (SYR 411} mln pelagic cherty E -
mudstone clast (42-47 cm), o = TOTAL € — ORGANIC € — CARBONATE %)
P 5 : 1, 2 em 11,0, 0.4, 4}
Thin section Blipsdonitbis . 2,6566 g z SMEAR SLIDE SUMMARY
2 Phanoerysts: 2|
Pagiocime 18 41  wvoin
Biati ™ B i
Mafic ] - EiE .
Haenbiengs a . Biocks of fine alternation of 3-1
Greanish black 5G 2/1) KeAubitspar 1 . dark gray [N3) etayey sl £2 4%
:‘.\loe:\!lll't.:unl and 2 3 % N o :n:'ilum M?:\l llrl'lu‘ i o § g"...
n-up bed or crust agicciae B fir siitstane 1114 138
ol brown black (SYR 211 Magnetite 5 Bl B[B|B|] KC R T
| 8|8 |RP|RP| [CC sty claystons with lamicae  Glays 7 2 &
of quartz, silt andd finegrained  Orthopyroxene Y i 2 3‘;
sand, well mdurated. Quariz 8 ok =
Atk Teidipa 17 Quartz 3
o Feldspar 3 3
Carbanate ™ oy it 2 a5
ay minerals
Cuy 8 Wolcane glass 3 L)
Glauconite TR
mﬁLEﬂDE Rock fragments ) 25
Texture: Intersertisl- Hyalophitic Carb. ur:::.:. I:
SMEAR SLIDE SUMMARY
3 g SITE 433 HOLE CORE 39  CORED INTERVAL: 11535-11575m
5 s = FOSSIL o
E Z |- | cHaracTer
it (19 3| 2| crapuic g
g Tz152|2l8] 2| |E|E LiTHOw oy BE{=218 UTHOLOGIC DESCRIPTION
£ Y 3 25 |8%(3|2 |5 (8| |3 ¥ S
£ 1= < =
O % = |= |2[2|2|3 ~HES
“‘-"
Feldspar 15 20 [BF|
Haavy mineeals B EPl B Durk gray (N3} shade [clayey siltstone) some shickensidas and
en miu;ln; 55 1: ph;::d:;q #ips, 0me athers show fine beds of lieney w1 oy
'alcanic n
Glauconite 5
Rock fragmenm ] 1 a2 CARBONATE BOMB
s 1, 8799 cm = B%
SiTE 439 HOLE CORE 37  CORED INTERVAL: 1144.0.1148.0 m FARAR BLIDE SUMMARY,
FOSSIL
% | | cHaracTER z i trsacde ot =
O :m % = GRAPHIC Sals B|B|B|B cC hale =]
“S(=Zalgl 2| BB Z3I8. LITHOLOGIC DESCRIPTION +f
z|n3|2|0 G| & | uTHolo oY E=ier S £
o oMz 2lE| |9] 2 o2e ]
= l= < < i 182
= |= (2|2|2|3 - Soed 5
&0
olr Clay 45
Grayish black (N2) fline-grained clayey siltstone with thick caicite 3
ale o y wain wnd numerous quartz-rich silty intervale. Many of the chips FI "d"’:“"ml g
05 b Nave shiny grooved wurtacet (370 6m, Gl minaas %
1 Olive gray (5Y 4/1) clay moderately indurated, but plastic when wet. canac glas
I Sandstons with small angular to subrounded granules wt in and same Rock fragments a2
B 1.0 : & larger clast of white caleits veinsd calcareous mudstone (70-136 em],
I [* A few 1 cm chips of grayish black (N2) silt-sized graywacks, vry wall
indurated,
gleis|8| lec| {von
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SITES 438 AND 439

Site 438
—0 cm g

—150

2,cC

2-7

126



Site 438
—0 cm

—150

32 34

NO RECOVERY

3-7

3,cc
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