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

Shipboard Scientific Party1

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

1 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,
Orleans, 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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SITES 438 AND 439

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

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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SITES 438 AND 439
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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-

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
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SITES 438 AND 439

TABLE 1
Safety and Pollution Considerations: Suspected Gas Quantity Index

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

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

2. Sufficient hydrocarbon gas for analysis 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
5-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

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-1 in order and progressively deeper from
west to east; 43 8B 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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ash layer frequency, and physical properties from geo-

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-

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

Hole
Lithologic

Unit
Core

Numbers
Depth

(m) Age Lithology

438

438A

Unit 1
(107.0 m)

Unit 1
(51.5 m)

Unit 2
Sub-unit 2A
(312.5 m)

Sub-unit 2B
(230.0 m)

Sub-unit 2C
(224.0 m)

Unit 3
(61.0 m)

1 to 12

1 to 4

5 to 80
5 to 32

33 to 56

57 to 80

80 to 86

0.0-107.0

0.0-51.5

51.5-817.0
51.5-363.0

363.0-593.0

593.0-817.0

817.0-878.0

Upper Pliocene
through
Pleistocene
Pleistocene

Lower Pliocene
through upper
Pliocene

Upper Miocene
through lower
Pliocene (lower-
most)

Middle Miocene
through lower
upper Miocene

• Lower Miocene
to lower middle
Miocene

439 Sub-unit 2B 1,2

Sub-unit 2C 3,4

(Continuous coring begins)

Unit 3 5 to 11 849.5-916.0
(766.5 m)

Unit 4 12 to 22-1 916.0-993.5
(77.5 m)

Unit
(104.

Unit
(47.5

5
5 m)

6
m)

22-2 to
32-1

32-2 to
37-1

993.5-1098

1098.0-1145

.0

.5

Oligocene

Oligocene(?)

Unit 7 37-2 to
39

1145.5-1157.5

Diatomaceous sandy, silty clay and silt, pebbly (pumice and black
graywacke[?]), dark gray, olive gray, and dark olive gray (5Y 4/2-
3/2, 3/1); numerous ash layers.

Diatomaceous sandy, silty, pebbly clay, olive gray to dark olive gray
(5Y 3/2-4/2) in part; numerous ash layers.

Homogeneous to burrow-mottled (lower part) clayey diatom ooze,
diatom ooze, and diatomaceous clay (soft to firm), mostly olive
gray (5Y 4/2) with dark and very dark gray intervals (5 Y 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.

Diatomaceous claystone, clayey diatomite (silicified), burrow-
mottled throughout, minor ash layers in upper portion. Most of
unit is olive gray, dark olive gray, gray to very dark gray. Sponge re-
mains occur only in upper part. Lower part of unit silicified. Rare
pebbles (pumice).

Mostly burrow-mottled claystone and diatomaceous claystone show-
ing dewatering structures and some microfaults. Thin calcareous
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).

Sandy claystone and diatomaceous claystone, vitric in part. Clayey
sandstone and siltstone alternates with claystone. Burrow-mottling
common. Colors mostly gray to dark gray and gray green (5YG
5/1-4/1 and5GY4/l).

Overlap with Site 438

Grayish olive green (5GY 3/2) and olive gray to dark olive gray (5Y
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-)

Lower Miocene Interbedded turbidites and silty claystone, greenish black (5G 2/1,
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.

Gray to olive gray (N5-5Y 4/1 and 2.5Y 4/0) massive sandstone and
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.

Boulder to pebble conglomerate and breccia, mostly mud-
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 (5 Y 4/1) plastic clay
(firm).

(-hiatus-)
Cretaceous Dark to very dark gray (N4-N2) well-indurated, silicified claystone

and clayey siltstone with thin (< 1-cm) calcareous graded silt beds;
contorted into slump folds but some horizontal bedding.

Lower to mid-
dle Miocene
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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 I/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 43 8A 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

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 2A (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 PU-
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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 438A-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, Iijima 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 438A, 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,

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 438A-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 (43 8 A-
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

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,
975.5-1040.7m 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 Tae) 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-

32



SITES 438 AND 439

grained sand and silt are typical for the basal sediment,
grading upward to clay stone or at times clayey siltstone.
Sequences are usually Bouma Tae or Tde, but some Tabcde
and Tacde or Tade 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
(Turitellà), 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-

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 NI) 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 Ar39/Ar40

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,
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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 volcanic 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 An50 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

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
H Akita-Yamagata and Niigata basins
I Tenpoku basin

Sediment Thickness

_^ 0 -1 km

MMM 2-3km

3-5km

5km

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 clay stone (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

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-

36



SITES 438 AND 439

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

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 clay stone 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 com-
posite section (Holes 438, 438A, and 438B) cored at Site
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Figure 8. Planktic biostratigraphy and generalized paleobathymetry at Hole 438<A.

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.

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 cm, through 438-2-3, 24-26 cm, are assigned to

40



SITES 438 AND 439

Diatom
Zonation
(Barron)

Actinocyclus
ingens

Radiolarian
Zonation

(Reynolds)

Ommatartus
antepenultimus -

/A 0. hughesi i/

Eucyrtidium
inflatum

Sphaeropyle
robusta

Lithocarpium
polyacantha

Stichocorys
armata

Cannartus
violina

Prunopyle
titan

Calcareous Nannofossil
Zonation
(Shaffer)

H. ampliaperta

Benthic Foraminifer
Bathymetry (m)

(Keller)
Age

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 cm, 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.
fossilis-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. kamtschatica 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 c 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 cm, 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. kamtschatica;
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 c, 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 a, D.
hustedtii-D. lauta; Samples 438A-68-5, 70-72 cm, 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 c of the D. hustedtii-D. lauta zone. The lower
Miocene/middle Miocene boundary is approximated by

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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Figure 11. Sedimentation rates for Hole 438, uncor-
rected for compaction, based on diatom (D), radio-
larian (R), nannofossil (N), and foraminifer (F) data
levels.

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 438B
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 c 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 cm (789.3 m),

800 -

900

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 a 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 a 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. barboi, 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 cm, 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
jouseana (large form), Cestodiscus spp., Thalassiosira

fraga, 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-l-l-438A-l,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 438A-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 438A-84-2-438A-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-l-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
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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-
forma, 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

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, andZ). 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
43 8A 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-
ners 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
43 8A (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: 0.9 to 2.4, 2.8 to 3.0 (?), 3.2 to 3.3 (?), 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-

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, Globoquadrina 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
(NI7) 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 (NI6)
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-

46



SITES 438 AND 439

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 swnitomoi, 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.
formosus, 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/cm2 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), C1-, Ca2+, and Mg2+ (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-

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
Ca2 + , Mg2+, 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~, Ca2+, andMg2+ 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 H2S 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 H2S 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 SO4

2 to H2S (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

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 cm3, 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-cm3

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.

10 20
PYROLYSIS-FLUORESCENCE (%)

30

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/m3 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/m3 and then more gradually (with some
broad excursions) to -1.60 Mg/m3 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/m3) 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/m3 to —1.65
mg/m3), 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/m3,
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/m3) 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/m3 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/m3, 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/m3, and a finer-
grained matrix with a bulk density of —2.2 Mg/m3.

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/m3) 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 5
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.

50



SITES 438 AND 439

GEOPHYSICS

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

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 (14
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 ofJNOC-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).

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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TABLE 3

Reading Thermometer Data

Time Average Temp
Depth Reached by MRT (hours since circulation) (°I)

2437
2438
2425
2406

2757
2614
2613
2613?a

Hole 438A

Hole 439

6
12
19%
25%

13%
20
25%
30%

66
74
77
79

75 (74.5,74.5,75.5)
73 (72.5,72.5,73.5)
75 (74.5,74.5,75.5)
77 (76.5,76.5,78.0)

aUndetermined - could be slightly less.

Figure 17. Tracing of mutichannel seismic reflection profile JNOC-2 showing approximate boundaries of lithologic
units as solid lines. Double line is tracing across acoustic basement reflection. Dashed line shows approximate lower
boundary of Unit 1.

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

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 65-75, 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.

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
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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 !4 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 5
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

TABLE 4
Points Correlated by Geophysical Logs, Holes 438A and 439

Lithologic

Units

1

Pleistocene

Sub-unit 2A

Pliocene

Sub-unit 2B
E. Pliocene

L. Miocene

Sub-unit 2C

L. Miocene

M. Miocene

Point

7

6 A

6

5

4 A

4

3 A

3

2

1

Sub-bottom

Depth

438

0

210

283

363

567

596

622

659

700

745

821

Sub-bottom
Depth

439

0

284

348

445

612

633

65 2

694

721

751

831

Difference

439^138

0

74

65

82

45

37

30

35

21

13

10

Δ
Thickness

-74

9

-17(?)

37(?)

7

7

-5

5

14

8

3

Σ

Thickness

82

Thicken to East

44

Thicken to West

25

Thicken to West

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
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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-

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.

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.
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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-

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

EAST

JAPAN
TRENCH

HOLOCENE

438 439

LATE MIOCENE

438 439

EARLY MIOCENE

OYASHIO
ANCIENT LANDMASS

438 439

LATE OLIGOCENE

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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Volcanic glass 5 10 12 3 15 5 10 10 80 96

Pyri,r" e - 2 2 2 - - - - T R - -
Foramini fer . 1 - 2 7 - 1̂  TR 1

Diatoms 15 10 25 10 15 12 5 15 -

Sponge spicules 2 5 3 2 2 3 2 3 - -

Otherspeαal ^ 1 1 |_.* j 5 J J _• 6 4

Volcanic rock fragments (5)



SITE 438 HOLE
FOSSIL

CHARACTER
O ,_

CORED INTERVAL: 14.5-24.0 r

GRAPHIC
LITHOLOGY

•—••m

LITHOLOGIC DESCRIPTION

pelecvpod
(probable

ARCA)

layer ~ 5 cm (diatorr

detritus, coarsi

Section 1: H2S odor on opening — pyritic throughout

olive gray to dark olive gray (5Y 4/2-3/2). Homogeneous

mud (slightly silty) with pyrite (diatomβceous in part),

Clasts are dark gray and aphanitic (graywacke? volcanic?).

Section 2 - Section 3, 73 cm: Faintly bedded, highly deformed

mud (silty to sandy at times) pyritic olive gray (5Y 4/2) with

pockets of fine-grained sand.

Section 3, 73-100 cm: Dark green-black, thin sand layers

(silty).

Section 3, 100 cm - Section 4, 10 cm: Mud as before with

quart? silt pockets.

Section 4, 10 cm - Section 5, 10 cm: Homogeneous to faintly

bedded mud and silty sandy mud (5Y 4/2) bedding emphasized

by slight increase/decrease in sand content.

Section 5, 10 cm - Section 6, 100 cm: olive gray to dark olive

gray (5Y 4/2-3/2), silty sandy mud with green-gray <diatom-

aceous, vitric) fine-grained pockets, pebbles (erratic-floating)

of dark gray aphanitic rock, well-rounded (graywacke or fine-

Section 6, 110 cm thru CC: Graded to slightly graded olive

green-gray fine- to medium-grained sand.

TOTAL C - ORGANIC C - CARBONATE (%)
2, 70 cm (2.0, 1.1,8)
4, 114 cm (2.6, 1.1, 12)

R SLIDE SUMMAR

II Ii!«i< It it
4-97 5-116 6-65
40 5 50
50 15 20

1 7 25 10 3

2 3 TR 7 1

ii üiiiii ii

: Core 4, 24.0-33.5 m: NO RECOVERY.

SITE 438 HOLE CORED INTERVAL: 33.543.0 r

LITHOLOGIC DESCRIPTION

Section 1 thru Section 3: Highly disturbed slurry of muddv
fine- to coarse-grained sand with mixture of well-rounded

40 mm. Pebbles consist of pumic, dark gray aphanitic sedi-

Numerous pebbles (as gravel) also recovered from core barrel
(washed), well rounded to subaπgular, maximum 3 cm diam-

Section 4 thru CC: Fine- to medium-grained muddy, silty
sand; no recognizable internal structure, olive gray (5Y 4/2).
Moderate to poorly sorted to silty olive black (5Y 2/1) to

TOTAL C - ORGANIC C -CARBONATE (%l
4,50 cm (1.1, 1.1,0)
5, 110 cm (0.0,0.9,0)

SMEAR SLIDE SUMMARY

wood fragment ~ 1 cm
diameter; gray aphaπit
pebbles 1.5cmdiamet
rounded, floating in

II
4-134 6-114 6-121

Radiolarians

Sponge spicule

pebbles are pumice - 1 cm diameter

NOTE: Core 6, 43.0-52.5 m: NO RECOVERY.



SITE 438 HOLE CORE 7 CORED INTERVAL: 52.5-62.0 m

LITHOLOGIC DESCRIPTION

black basalt pebble!?) ;

light gray pumice (5 mr

basalt pebble (5 mm)

olive black silty clay

med
I5B

d o

basa

6/1)

ml

lt(?) (2

ish g

m m )

r a y CARBONATE BOMB
3. 110-112 cm = 0%

basalt!?) (3 mm)

black pebble (2 mm)

ic, black to dark gray (also all others in core) (5 n

Dark olive gray (5Y 3/2) diatomaceous silty clay, gen
homogeneous with occasional fine-grained sand or sill

(basalt?) pebbles 5 mm or less in diameter, floating in
clay matrix.

TOTAL C - ORGANIC C - CARBONATE (%)

2,35 cm (1.3,1.2,0)

4, 10 cm (1.3, 1.3, 0)

l l l l If
SS SJ i-
a« Q5 >»

-

3-130 4 92 5-37

Sponge spicules

sand pockets (~2 cm)

(3 cm) gray pebbles (ro
volcanic ash bed (34 ci

7-28 diatomaceous s
N3 ash fragment (3 i

N8 pumic fragment
end Section 7

jnded)

i 5Y 3/2)

Ity clay
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62.0-71.5 m

graywacke pebble (1 cm)

graywacke pebble (1 cm)
in olive black (5Y 2/2)
medium sand

graywacke pebble (2 mm)

black ash pockets
white ash pockets
black ash pockets

black ash pocket

black ash pockets

pebble
black ash pockets

light gray/white
ash pockets

volcanic

2 cm olive black medium-
grained micaceous.
quartzose sand

2 mm quartz grain
2 cm gray (N6-N4)

gray ash, fine-
grained

LITHOLOGIC DESCRIPTION

Olive gray

diatom ace

and white

sand or si

lapilli).

TOTAL C
3, 80 cm

4, 100 cm

(5Y 4/2) throughout co

ous silty mud w

ash layers, rare

t layers and abu
ck and white pe

- ORGANIC C
1.0, 1.0,0)

(0.8, 0.9, 0)

CARBONATE BOMB

3, 76-78 cm = 0%

th some
fine- to r

ndant ro

bbles (b

e; hon

disrup
nediurr

unded

salt?,

ogeneous

ted black

-grained

1 cm diameter

raywacke.

- CARBONATE (%)

SMEAR SLIDE SUMMARY

Sand

Silt

Clav
Quartz

Feldspar

Mica

Clay

Volcanic g

Pyrite

Carb. unsp

Diatoms

Radiolaria

Sponge sp

Other

U - 3-5 m

V = 5 mm

„

Is
i»
δl
1-125

10

30

60

10

2

TR

erals 1

55

ass TR

1

rs

ec.

2 7

cules 3

m pebbles uπide

diameter lapilli
A - gray ash pockets

„

1"«

D
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6 121

10

28

62
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56

3
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29
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-
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71.5-81.0 m

LITHOLOGIC DESCRIPTION

2 mm black pebble gray (5Y 4/2) silty mud, diatomaceous, homogeneous.
occasional < 1.5 cm pebbles, well rounded, floating in
clay matrix, firm sediment.

Section 5 extruded on deck; original order no,

TOTAL C - ORGANIC C - CARBONATE (%>
2, 140 cm (1.0, 1.1, 0)

CARBONATE BOMB
3, 126-128 cm - 2 %

SMEAR SLIDE SUMMARY

|

5 mm blsck pebble u ^

i•s

2-134
Sand 10
Silt 31
Clay 59
Quartz 9
Feldspar 3

Mica TR
Heavy minerals TR
Clay 52
Volcanic glass 5
Pyrite TR
Diatoms 27
Sponge spicules 3
Fish remains 1

1.5 cm graywacke pebble

SITE 438 HOLE

FOSSIL
CHARACTER

CORE 10 CORED INTERVAL: 81.0-90.5 m

GRAPHIC
LITHOLOGY

oh•>

ò

LITHOLOGIC DESCRIPTION

Olive gray (5Y 4/2) silty clay; diatomaceous :
with occasional pebbles (graywacke) and pun-
four ash layers of•rur in Sections 4, 5, 6; sedir

SMEAR SLIDE SUMMAR

il if if1| Ji it
QΛ üilβ OS OS >S > s

45 29

16 8

2

4 35 5



SITE 438 HOLE CORE 11 CORED INTERVAL: 90.5-100.0 m SITE 438 HOLE CORE 12 CORED INTERVAL: 100.0-109.5 m

LITHOLOGIC DESCRIPTION

Dark olive gray (5Y 3/2) diatomaceous sandy mud intercalated
with sandy, ash beds (10-50 cm). Section 1.

Dark olive gray (5Y 3/21 sandy mud is dominant with some muc
fine sand and sandy ash beds. Sections 2 and 3.

Dark olive gray (5Y 3/21 and olive gray, diatomaceous sandy mu
is dominant with several sandy ash and a few muddy sand beds
(3.7-6 m). Sections 4 and 5.

(6-7 m), Section 6.

TOTAL C - ORGANIC C - CARBONATE (%l
2,83 cm (1.4, 1.3,0)
4,13 cm (1.0,0.8,2)

CARBONATE BOMB
3, 60-67 cm • 1-2%

SMEAR SLIDE SUMMARY

i> ; si
l s H it
II II II
242 2-126 6-10

R a d i o l a r i a n s - - 2
S p o n g e s p i c u l e s 4 - 2

NOTE:
V - rounded white, pumice clast
S = graywacke 3 mm diameter granule, rounded

FOSSIL

CHARACTER

GRAPHIC
LITHOLOGY

n

LITHOLOGIC DESCRIPTION

sponges, in place up t

iameter rounded
', clast (abundant
) floating in clay

three sections entirely homogenized/liquified by drilling.

Section 4 thru CC: Mud becomes very stiff, relatively
undeformed. Olive gray (5Y 4/2) silty, diatomaceous muc

pumice fragments.

TOTAL C-ORGANIC C-CARBONATE (%)

4, 36 cm (1.1,1.2,01

SMEAR SLIDE SUMMARY

I 1- 1 i

i s

II It
4-100 5-10

a s
5-61
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0.0-4.0 m

LITHOLOGIC DESCRIPTION

0 ^cm^dPameter Predominantly dark olive gray (5Y 3/2) upper part to olive
gray vitric, diatomaceous silt with a few sandy silt and sβndy

5Y 3/2 silty sand clay layers as noted; several rounded pebbles (<5 mm diam-
vitric, diatomaceous eter) of pumice and "graywacke". Section 1 pebbles: gray-

5Y 3/2 sandy clay W a ° k e < 0 ' 8 C m d i a m e t e r • " u r m c e < 0 • 3 c m diameter.

TOTAL C - ORGANIC C - CARBONATE (%>

1,80 cm (0.8, 0.5, 2)
2, 20 cm 10.7, 0.6, 1)

SMEAR SLIDE SUMMARY
black sand pocket, w

f i n e g r a i n e d I g g
e.g. p u m i c e o u s s i l ty 8 S 8
s a n d , l i g h t gray i l l

1 1 1
s . L i~
1-44 1133 2-82

Sand 5 5 10

Silt 90 85 80

Clay 5 10 15

Quart; 40 44 49
Feldspar - 1 TR

Mica -

Heavy minerals 1 - 1

Clay minerals 9 5 10
Volcanic glass 20 15 18
Glauconite - TR -
Pyrite _ _ _

Zeolite minerals -

Foraminifers 5 5 2
Diatoms 23 29 18

Radiolarians TR TR
Sponge spicules 2 1 2
Palagonite TR

Other - - -

NOTE:

S = Graywacke 4 mm diameter pebble, rounded

SITE 438 HOLE A CORED INTERVAL: 23.0-32.5 i

LITHOLOGIC DESCRIPTION

Olive gray (5Y 4/2), dark olive gray (5Y 3/2) and oli•

(5Y 4/3) silty clay, diatomaceous and vitric silty clay

(5Y4/2)

dark
olive
gray
(5Y 3/2)

(up to 2 cm diameter) and

cm diameter), usually floa

typically thin and structur

occurs in Section 5.

TOTAL C-ORGANIC C
2,22 cm (1.0.0.7,2)

4,79 cm (1.9, 1.1,6)

CARBONATE BOMB
3, 55-57 cm • 1.2%

pumice (light gray to

ting in clay matrix; sa

eless. but one thick gi

- CARBONATE (%]

greei

ndsai

•aded

i, to

nd si
unit

7

Its

olive gray (5Y 4/2)

6G 4/1 ash pockets

dark olive (5Y 4/3)

1.2 cm ó rounded

fδ |ö f i

j} i ! JS
19 29 2124

l i
JS S1£ l i

50 30 30

olive gray (5Y4/2)

bY 3,7

2.5 cm 6

5Y 3/2 coarse silty sand

olive black (5Y 2.5/1)

pebble
olive gray (5Y 4/2) silty c

black sandy silt

disrupted ash layer
isolated pocket of sand c
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32.5-42.0 m

LITHOLOGIC DESCRIPTION

Dark olive gray to olive gray (5Y 3/2 to 5Y 4/2) silty dialo-

gic and vitric in part. Some green gray (5G 4/1) ash layers

and numerous pumice pebbles in lower part of core. Pebbles

are mostly rounded and up to 5 cm in diameter; one gravel

5Y 3/2 layer occurs in Section 4. Although pebbles may be ice-rafted

or floaters, some transport by "turbidity" currents or in mud-

turbidites is possible. Thicker, coarse-grained sand-sized ash

layers (e.g. Section 2) may also be redeposited although no

TOTAL C - ORGANIC C - CARBONATE (%)
3, 92 cm (0.9, 0.8, 1)

4, 44 cm (1.1, 1.0,0)

CARBONATE BOMB
3,68-70 cm = 1-2%

graired sand size
5 y 3 / j SMEAR SLIDE SUMMARY

coarse-grained

saπds'ze I * 1 J - i 1 i !
Y3/2 El l ü II if iL

2-108 3 1 0 0 4-43 5-48 5-100 7-6

Sand 1 10 10 15 5 40

Silt 40 40 50 30 80 30

Clay 59 50 40 55 15 30

Quam 20 30 20 20 2 5

Feldspar 10 5 20 10 2 15

rounded gray Heavy minerals 2 2 2 1 TR 10

pumice 0 .5 c m ó, Clav minerals 18 30 30 3? 1 5

0.4 c m t \ 2.7 c m 6 Volcanic glass 34 10 10 10 95 35

clayey Silt Glaucor>ite - 10 10 15 - 10

Pyrite _ _ _ _ _ _

Foraminifers _ _ _ _ _ _

Diatoms 15 10 7 5 TR 15
pumice gravel Radioiarians _ _ _ _ _ _

0.4-0.1 cm ó Sponge spicules 1 3 1 2 - -

- 5 Y 3 / 1 - 5 Y 4 / 2 * °
 l l ! l c a c l

N O T E :

S = sedimentary clast

V = pumice or t u f f pebble
6 = diameter o f pebble

4.0 cm 6
black graywacke clayey.
silty sand

5GY4/1

0.5 cm 6
0.3-0.7 cm <5 pumice
gravel (clay matrix)

brown pumice 1.5 cm ò

5Y 3/2, pebble: altered
tuff, gray, 5 cm 6

ash, 5G 4/1

white pumice 1 cm ò
altered volcanic tuff
gray, 4 cm é
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1 1 2

3 3

1 0 2

42.0-51.5 m

5Y 3/2 glauconitic
quartzose silty clay

0.3 e• black graywacke
0.4 i pumice

0.5 ógraywacke, black

0.3 6 pumice

5Y2/1 silt-size
O.S cm with pockets

0.3 c m . black
graywacke

gray ash pocket

5Y 3/2 quartzose
silty clay

dark greenish gray
(5G 4/1) silt-size

5G 4/1 silt-size
pumice
1.5 cm t

black graywacke
0.6 cm 6

yellow and black
pumice 0.2-1.5 cm 6

black 0.1 cm _

gray pumice 0.7 cm ò
gray tuff pebble

dark greenish gray

black graywacke 0.3 c

LITHOLOGIC DESCRIPTION

Dark ol.re

glauconiti
Green gray
rounded, s

TOTAL C

gray ( 5 Y 3 / 2 ) s

ash layers (mo

mal l pebbles (av

me vi
tly s
erage

een gray t u f f , and bla

aton^mo^nT

- ORGANIC C

4 , 2 cm (1 1, 1.1.0)

C A R B O N A T E BOMB

3, 112-114

SMEAR SL

Sand

Quartz

Feldspar

ClZZ-

Pyrite

Foraminfier

Radiolaπan

Sponge spic

5Y 3/2 glaucon

clayey si lt and

clayey silt

π IS

cm • 1-2%

DE SUMMARY

s s
-1 tS
1 1 » I
if- s|
3 . S > |

10 20
30 50

27 5
10 25

"'S 40 10

-

-

itic

ay (q

0.4 c
rk f

noted. Fa

uartzo

atom
d) and

m _)o

resle

eand

soze.
common

gray

n e d

g. grading)

nogeneous.

- CARBONATE (%)

|

o —

10

77

50

-

TR

h

si

30

22

10

35

-

TR

3

_ «

§|
O•B

10

20

10

27

'

1

5

1

5 5

699
10

25

4 0

TR

2
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51.5-59.0 m

LITHOLOGIC DESCRIPTION

Dark olive gray (5Y 3/2) olive gray (5Y 4/2) and dark gray
5 Y 3 „ (5Y 4/11 diatomaceous claystoπe, diatom ooze (predominant).

and clayey diatom ooze. A 7 cm green black ash layer (silt-
0.7 cm ó black s j ? e d ^ . n d e v e r . . ,

nodular marlstone occurs in the Core-Catcher. Most of the
core is homogeneous. No burrow mottling or other sedi-

2, 133 cm (1.5, 1.0,4)
4, 16 cm I3.3, 1.2, 18)

CARBONATE BOMB
3, 127 129 cm " 1-2%

SMEAR SLIDE SUMMARY

1
o 5 o « -
= ~ E >. D

' & S S• '

V
o (s
il

O
ia (D C
la

greenish black
(5G 2/1) ash 3-83 4-22 5-63
(siltsized) Sand I0 25 5

pocket white ash Silt 70 30 30
0.3 cm li black, rounded Clay 20 45 65
graywacke Quartz 10 2 10

Feldspar 13 10 5
Mica - - 1

5Y4/2 Heavy minerals 2

Volcanic glass 68 3 5
Glauconite - 1 1
Pyrite 2
Zeolite minerals - - -
Foraminifers -
Diatoms TR 80 30
Radiolarians TR
Sponge spicules - 1 3

5Y4/1 A u 9 i t e - TR -
Hornblende TR

5Y 3/2 indurated
marly "concretion" or
nodular carbonate bed
(includes sponge spicules,

SITE 438 HOLE

FOSSIL
CHARACTER

FWRM FM AG

0.5- >C- - - - - - - - - - - - -

CORED INTERVAL: 106.5-116.0 i

GRAPHIC
LITHOLOGY

LITHOLOGIC DESCRIPTION

2.1 cm thick, silt-
sized greenish black
(5G 2/1)

0.4 cm thick, very
fine-grained dark
greenish gray (5G4/1)

bluish gray (5B 5/1)
very fine-grained

3.5 cm, possibly graded,
5B 5/1 silt to very-fine

2 cm 5B 5/1 clay-siz

6 cm thick, 5B 5/1

gray (7.5YR 5/0)

Olive gray (5Y 4/2) to olive (5Y 4/3), homogeneoi

TOTAL C - ORGANIC C - CARBONATE C/•
2,38 cm (1.3, 1.3,0)
4,95 cm (0.8,0.8,0)

30 20 63 28



SITE 438 HOLE A

FOSSIL

CHARACTER

CORED INTERVAL: 116.0-125.5 i SITE 438 HOLE A CORE 8 CORED INTERVAL: 125.5-135.0 m

GRAPHIC

LITHOLOGY
LITHOLOGIC DESCRIPTION

Homogeneous otive gray (5Y 4/2) and dark

(5Y 3/2) diatomaceous clay and diatom ooze

TOTAL C - ORGANIC C - CARBONATE (
2,90 cm (1.1, 1.0. 1)
4, 55 cm (0.8, 0.8, 0)

CARBONATE BOMB
3, 108-110 cm - 1-2%

SMEAR SLIDE SUMMARY

5 . δ ~ •|

|S | 5 | a s

S § So ö 8 5 1
320 4-51 4-71 5-50

5Y 2.5/1 (sand-size)

5Y 7/1 (very fine-grai

dark gray
(2.5Y N4)
(sand-size)

Radiolarian
Sponge spic
Palagonite
Augite

FOSSIL
CHARACTER

GRAPHIC
LITHOLOGY

LITHOLOGIC DESCRIPTION

5Y4/2

I

2.5Y N4
(medium grt
sand) ash

jray (2.5Y N6)

rand/silt

Olive gray (5Y 4/2) clayey diatom ooze changing to diatorr
ceous clay down core. Several gray, thin volcanic ash layers
(fine- to medium-grain sand size). Small (generally <2 mm

central chamber filled with pyrite) occur first in this core a
become abundant. One pumice pebble noted in clayey diat

TOTAL C - ORGANIC C - CARBONATE (%)
4, 42 cm (1.0, 0.9, 1)
6,2 cm (1.0,0.8, 1)

CARBONATE BOMB

3, 23-25 cm - 2-3%

> S > S g•9

II II l i
1-20 2-80 3-97

No Core-Catcher
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70

la

135.0 144.5 m

LITHOLOGIC DESCRIPTION

Dark olive gray to olive gray (5Y 3/2-4/2) homogeneous
diatom ooze and diatomaceous clay, spicules of sponges
very common (9-12% in smear slides) one pumice fragment
present

SMEAR SLIDE SUMMARY

Is Is j

:u
la

r,

:u
la

r,

(D
)

Sp
ic

di
at

Sp
i<

di
et

D
ia

l
da

y

1-70 CC-10 CC-18
Sand 4 4 2
Silt 20 14 16
Clay 76 82 82
Quartz 2 2 1
Feldspar 3 3 2
Mica TR -
Heavy minerals 2 1
Clay minerals 35 50 55
Volcanic glass 3 - 3
Glauconite — — —
Pyrite TR 2 2
Zeolite minerals -
Foraminifers - -
Diatoms 43 32 28
Radiolarians - T R TR
Sponge spicules 12 10 9
Silicoflagellates - TR -

SITE 438 HOLE A CORE 10 CORED INTERVAL: 144.5-154.0 r

LITHOLOGIC DESCRIPTION

TOTAL C-ORGANIC C - CARBONATE (%)
4, 6 cm (0.9, 0.8, 1)
5.71 cm (1.3, 0.9, 3)

CARBONATE BOMB
3, 94-96 cm = 1-2%
3, 127-129 c m - 0 - 1 %

SMEAR SLIDE SUMMARY

1!
2-54 337 4-64 5-23

Radiolarians
Sponge spicu

NOTE:
* = siliceoi

-
les 2

is sponge



SITE 438 HOLE A CORE 11 CORED INTERVAL: 154.0-163.5m SITE 438 HOLE A CORE 12 CORED INTERVAL: 163.5-173.0 r

LITHOLOGIC DESCRIPTION

very dark gray

(2.5Y N3)

ash pockets

(2.5Y N6)

4.5 cm ash

>geneous olive gray (5Y 4/2) clayey diatom ooze.

jsh pockets and one ash bed (gray to dark gray).

TOTAL C - ORGANIC C - CARBONATE (%)

1, 52 cm (1.4, 1.0,31

2. 52 cm (1.2. 1.0, 2)

4, 52 cm (0.9, 0.8, 1)

SMEAR SLIDE SUMMARY

1-78 3-42 3-42

Diatoms

Radiolarians

Sponge spicule:

Apatite

Silicoflagellate!

NOTE:

4 - silk

0.04 cm (J pumice fragment

ash pocket
IM
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LITHOLOGIC DESCRIPTION

5Y4/2
Homogeneous, clayey diatom ooze olive gray (5Y 4/2).

2 l 5 Y N 3 TOTAL C - ORGANIC C - CARBONATE (%)

2, 38 cm (0.9, 0.9, 0)

SMEAR SLIDE SUMMARY

I

ye
y 

c

0 8

1-48

Silt 20
Clay 65
Quartz 5
Feldspar 7
Mica
Heavy minerals 3
Clay minerals 33
Volcanic glass 3
Glauconite 1
Pyrite
Zeolite minerals —
Foraminifers 1
Diatoms 40
Radiolarians
Sponge spicules 7
Palagonite

ON
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173.0-182.5 m

LITHOLOGIC DESCRIPTION

5Y 4/2

3.9 cm thick, gray to dark gray. Sponge remains present

throughout core.

TOTAL C - ORGANIC C - CARBONATE (%)
2,81 cm (1.4, 1.0,4)

CARBONATE BOMB
3, 110•112cm= 1-2%

SMEAR SLIDE SUMMARY

E E

2.5YN2.5 ' Q ü , . 5 2
fine- to medium- α>"~ ro S £"—
grained sand-sized "" g "5 x ^ g

2.5Y N8 2.3 cm ash o S > IS o o
( m e d i u m - g r a i n e d sand) 7 g 3 2 g 4 6 5

coarse g r a i ^ e d s ^ d f 0 S a n d 2 0 3 0 2 0

Silt 15 35 20

Clay 65 35 60
Quartz 5 TR 5

Feldspar 7 3 7
Mica 2
Heavy minerals 3

Clay minerals 44 4 36

Volcanic glass 90 2

Glauconite TR - TR

Pyrite -

Foraminifers TR

Diatoms 35 TR 40

Sponge spicules 7 - 7

Palagonite - 3 TR

NOTE:

Φ » sponge remains -

3.9 cm ash. 2.BY N8

SITE 438 HOLE CORE 14 CORED INTERVAL:

FOSSIL

CHARACTER

GRAPHIC

LITHOLOGY S2"1

w θ

LITHOLOGIC DESCRIPTION

Olive gray (5Y 4/21, homogeneous (no visible

If] land a few angular pumice fragments (<I.O

TOTAL C - ORGANIC C - CARBONATE (%)

4,58 cm (1.1. 1.0, 11

SMEAR SLIDE SUMMARY

1 &

2 distinct <1
5Y 7/1 to
2.5Y N4 r

2.5Y N8 (silt

cm s
pfini
nediu

:-sand

ish layers

vgrained silt
ingrained silt

)?

r u ' α *
Diatoms
Radiolarians

Sponge spicul

Silicoflagellat
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192.0-201.5 m

LITHOLOGIC DESCRIPTION

Clayey diatom ooze (5Y 4/2) homogeneous, sponge-bearing(+).

SITE 438 HO L E A CORE 17 CORED INTERVAL: 211.0-220.5 m

SITE 438 H O L E A CORE 16 CORED INTERVAL: 201.5-211.0 r

LITHOLOGIC DESCRIPTION

1.2 cm 6

Olive gray (5Y 4/2) clayey diatom ooze, homogeneous

occasional sponge remains ( y ) , a few pumice pebbles

ash horizons {maximum 3 cm thick).

TOTAL C - ORGANIC C - CARBONATE (%)

5, 62 cm (1.1, 0.8, 3}

SMEAR SLIDE SUMMARY

2-28 3-145 4-42 5-88

2.5Y N7/1

2.5Y N2.5
ash

t) ash

(silt)

Pyπte

Diator

Radiol

Nannofossils (calc.) -

LITHOLOGIC DESCRIPTION

gray (2.5Y N4) ash

diatom ooze with olive to olive gray (5Y 4/2 or

slightly lighter) mottles, slightly more carboπate-rk

Several gray ash beds (silt-size) up to 3 cm thick,

abundant sponge remains (Φ t and one nodular or

I layer (Section 2) r irtx

TOTAL C - ORGANIC C - CARBONATE (%l

2,76 cm (0.9, 1.0.0)

CARBONATE BOMB
3, 63-65 cm - 4%

SMEAR SLIDE SUMMARY

dark gray (2.5Y N7) ash
grading into green (5Y 4/2)

D-5

1-74

|s 11 ! i

2-41 2-24 3-101

Irregular rounded c
of unit-CaCO,-rich



--J SITE 438 HOLE A CORE 18 CORED INTERVAL: 220.5-230.0 r SITE 438 HOLE A CORE 19 CORED INTERVAL: 230.0-239.5 r

FOSSIL

CHARACTER

GRAPHIC

LITHOLOGY
LITHOLOGIC DESCRIPTION

Olive gray (5Y4/2), humog. π.•,

few ash layers (up to 10 cm thick). Cla

TOTAL C - ORGANIC C - CARBONATE (

4,73 cm ( I . I , 1.0, 1)

SMEAR SLIDE SUMMARY

1-74 2-39 4-88
15 23 38

LITHOLOGIC DESCRIPTION

occasional 5Y 5/2

grained silty ash

s gray (5Y 4/2), generally t

ioπge s
as some sponge skeletons j • j ). Mottling of lighter oliv

(5Y 5/2) in some portions. A few 0.2 cm to 0.3 cm dia

thick.

TOTAL C-ORGANIC C-CARBONATE (%)

3,65 cm (0,7,0.7,0)

5, 63 cm (0.8, 0.8, 0)

CARBONATE BOMB

3, 30-32 cm = 1 -2%

I f tin i if i
I! II SS if fi 11 i •

03 4-57 5-103 6-85

34 28 35

5 22 24 20



SITE 438 HOLE A CORE 20 CORED INTERVAL: 239.5-249.0 m

FOSSIL

CHARACTER

GRAPHIC

LITHOLOGY

iSSoπTSI

LITHOLOGIC DESCRIPTION

0.5 cm è pumice
N5 v e ry fine-
N5 grained ash

ray (5Y 4/2) firm, fairly homogeneous diatomaceous
ime mottling (5Y 5/3) and common glass and sponge
s (fewer whole sponge skeletons than earlier cores),
ash horizons (gray, very fine-grained, less than 2 cm

TOTAL C - ORGANIC C - CARBONATE 1%)

2, 80 cm (0.8, 0.8, 01

CARBONATE BOMB
3, 60-62 cm = 1-2%

SMEAR SLIDE SUMMARY

1-56 2-55 3-68

5Y 5/3 mottled
layer vitric diatoma-
ceous clay

Pyrite
Zeolite min
Foraminife
Diatoms
Radiolarian
Sponge spic
Silicoflagell

s S
4-43

SITE 438 HOLE A CORE 21 CORED INTERVAL: 249.0-258.5 r

--T-r~•rv I

LITHOLOGIC DESCRIPTION

5Y4/2
! very fine-grained

ash (silty) N6(gray)
mottles 5Y 5/3

iray (5Y 4/2) diator

! - 5Y 5/3), some g i ash beds
sponges a

TOTAL C - ORGANIC C - CARBONATE (%)

2,6 cm (0.7,0.7,0)

SMEAR SLIDE SUMMARY

Clay
Quartz
Feldspar

l l l l l l l l l l II
1-9 2-81 3-89 4-72 5-126 6-84
20 13 11 14 11 8
50 28 29 33 27 34
30 59 60 53 62 58

- TR TR TR -

TR TR TR TR

29 25 30 19
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SITE 438 HOLE A CORE 22 CORED INTERVAL: 258.5-268.0 m

FOSSIL

CHARACTER

GRAPHIC

LITHOLOGY

m

SITE 438 HOLE A CORE 24 CORED INTERVAL: 277.5-287.0 r

LITHOLOGIC DESCRIPTION

Firm, olive gray (5Y 4/2) diatomaceous claystonθ changing

and sponge skeletons (Φ) One pumice fragment and no ash

TOTAL C - ORGANIC C - CARBONATE (%)

1.48 cm (2.5, 0.7, 14)
2, 60 cm (0.8, 0.9, 0)

SMEAR SLIDE SUMMARY

0.4 cm pumic
fragment

5Y 5/2 mottle

Radiolarians
Sponge spiculo:
Silicoflagellate!
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268.0-277.5 m

LITHOLOGIC DESCRIPTION

Firm.o ve gray (5Y 4/2), homogeneous diatomaceous clay.

TOTAL C -ORGANIC C - CARBONATE (%)
1.71 eni (0.6, 0.7, 01

SMEAR SLIDE SUMMARY

Sand
Silt
Clay
Quartz
Feldspa
Mica
Heavy n
Clay mi
Volcani
Glaucor
Pyrite
Zeolite
Forami
Diatom
Radiola

cl
ay

 (
D

l

140
11
29
60

6
1

TR
inerals TR

πerals 60
: glass 3
ite —

TR
minerals —
ifers

23
ians 1

Sponge spicules 5
Silicoflagellates 1

FOSSIL

CHARACTER

"~<P 1" f "_. '

GRAPHIC

LITHOLOGY
LITHOLOGIC DESCRIPTION

5Y3/2
ash Isill

very fine silty
t/clay)

Firm.oliv
more diat
ash layers
individual

egray (5Y
om-rich do
up to 6 err
sponges n<

4/2) cl
wn cori
i. Sedir

Jted.

ayeydi
e; mott
nent ric

iatom
led in
:h ins

ooze becoming
part; numerou!
picules but no

TOTAL C - ORGANIC C - CARBONATE (%)
2, 120 cm (0.6,0.7,01
4,46 cm (1.5,0.9,5)

SMEAR SLIDE SUMMARY

ü
4 91

13 10 21 15 18
35 34 32 36 47
52 56 47 49 35

1 TR TR TR TR

53 44 39

32 31 33 68 2
1 - TR TR -
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287.0-296.5 m

5Y 4/2 firm
diatom ooze

3 mm pumice

3 mm pumice

5Y 4/2 firm
diatom ooze

5Y 4/2 firm
clayey diatom ooze

5Y 4/2 clayey

5Y 4/2 firm clayey

N7 very firm
ash

5Y 4/2 clayey
diatom ooze

5Y 4/1 silty ash

5Y 4/2 diatom

5Y 4/2 firm diatom
ooze

black stained spot

5Y 4/2 firm clayey

clam shell fragment - 1 cnr

sponge fragments

c ayey diatom ooze

5Y 4/2 firm clayey diaton

LITHOLOGIC DESCRIPTION

5Y 4/2 fir
rare pumi

5Y 4/2 fir

and occas

m dia o m o

e pebbles

ze

m clayey diatom o<
o π a l a

SMEAR SLIDE SUMMARY

Sand
Silt
Clay

Feldspar
Mica
Heavy min
Clay miner
Volcanic gl
Glauconite
Pyrite
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7
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1
—
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_
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-
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3
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_
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3
3
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Diogen
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28
45
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2
—

1
15

1
_
_

66
2
5
1

c
oturb

20
33
47

—TR
41
—
_
_
TR?

37
2
9
1

tion

TOTAL C - ORGANIC C - CARBONATE (%)
2,38 cm
5,132 c

(0.7, 0.7, 0)
TI (0.8, 0.8 0)

CARBONATE BOMB
3, 13-15 cm = 0-1°0

SITE 438 HOLE CORE 26 CORED INTERVAL: 296.5-306.0 m

FOSSIL
CHARACTER

GRAPHIC
LITHOLOGY

LITHOLOGIC DESCRIPTION

fragments, 92-150 c

Light gray (N7) silt-sized ash.

Olive gray (5Y 4/2) firm diato

TOTAL C-ORGANIC C-CARBONATE (%)
2, 27 cm (0.5, 0.6, 0)
4, 119 cm (2.2,0.7,12)

SMEAR SLIDE SUMMARY

4-67 5-69 6 73
22 12 10
45 37 40
33 51 50

TR TR

Sand
Silt
Clay
Quartz
Feldspar

Q
1-71
25
43
32
5
1

•S
2-11
26
47
27
6
4

D
ia

3-57
25
44
31
4
1

21 14 19 19 50 47
TR 72 TR 3 1 2

Olive gray (5Y 4/2) firm diatom oo

NOTE:



SITE 438 HOLE A CORED INTERVAL: 306.0-315.5 m SITE 438 HOLE A CORE 28 CORED INTERVAL: 315.5-325.0 r

LITHOLOGIC DESCRIPTION

Olive gray (5Y 4/2) firm clayey dia 3 few sponge fragmen

TOTAL C-ORGANIC C-CARBONATE (%)
2, 90 cm (0.6, 0.6, 0)
4, 95 cm (0.6, 0.7, 0)

SMEAR SLIDE SUMMARY

2-71 5-49 5-72

40 37 32

35 35 45
Radiolariaπs
Sponge spicule:
Silicoflagellate!

Dark gray (N3) disturbed clayey silt-sized ash.

Olive gray (5Y 4/2) firm clayey diatomaceous ooz<

Light gray (N7) clayey fine-grained ash, darker at t

Olive gray (5Y 4/2) firm clayey diatomaceous ooze, containing abundant sponge
fragments. Olive (5Y 4/3) mottles and streaks (sample Section 5,49 cm).



SITE 438 HOLE A CORE 29 CORED INTERVAL: 325.0-334.5 r

LITHOLOGIC DESCRIPTION

Olive gray (5Y4/2]f irrr

(5Y 6/3) mottle at Seen
10-20 cm. Black organic

homogeneous clayey diatom ooze. Abundant sponge fragm
iry dark gray (5Y 3/1) mottle at Section 1, 92 cm; pale olivi
in 3, 18 cm; light olive gray (5Y 6/2) mottles at Section 5.

TOTAL C - ORGANIC C - CARBONATE (%)
2, 100 cm (0.7,0.7,0)
4, 82 cm (1.1, 1.1,0]

SMEAR SLIDE SUMMARY

Pyrite
Zeolite
Forami
Diatom
Radiola
Sponge

minerals
nifers

rians
spicules

Silicoflagellates

NOTE:
sponge fragments

Light gray (N7) disrupted ash layer, 1 cm thick

Olive gray (5Y 4/2) firm homogeneous clayey diatom ooze. Abundant sponge fragmei
throughout. Light olive gray to olive gray (5Y 6/2-5/2) faint layer 5 cm thick and mo
at Section 6, 20-25 cm.

SITE 438 HOLE A CORE 30 CORED INTERVAL: 334.5 344.0m
FOSSIL

CHARACTER

GRAPHIC
LITHOLOGY

Wß

ft

LITHOLOGIC DESCRIPTION

Olive gray (5Y 4/21 firm fairly homogeneous cli
diatom ooze containing 2 mm sponge fragments

ooze. Section 2, 141 cm. Dark gray (N3) streak,
Section 2, 62 cm and 138 cm. Slightly darker in
Section 5. Olive mottles. Section 6, 9 and 29 err

SMEAR SLIDE SUMMARY

Consolidati
Section 3, '

5Y 4/2 dial

on sample.
142-150 cm

om

Sand
Silt
Clay

Feldspar
Heavy minerals
Clay minerals
Volcanic glass
Glauconite
Silicoflagellates
Diatoms
Sponge spicules
Carbonate
Palagonite

NOTE:
f = sponge

• i 1 s
öU

2-82 2-141
30
20
50
10
7
3

33
2

TR
_
40

: 5
—

-

fragments

10
25
65

1
2

_
22
_
_
„

20
5

50

5 8

4-34
15
20
65

3
3
3
6
2

_
80
3

—

Is

634
_
40
60

2
4

_
37

5
—
TR
50
2

—
TR

Olive gray (5Y 4/2) firm muddy dia
(5Y 4/3) layer Section 6, 145-146 c
6, 82 cm. Section 7, 25 cm.

3 white (N7-9)ash(?) [

- J



SITE 4 3 8 HOLE A CORE 31 CORED INTERVAL: 344.0-353.5 r

O ,_

FOSSIL
CHARACTER

GRAPHIC
LITHOLOGY

:__€-:

-_T7_-

m
B E E *

LITHOLOGIC DESCRIPTION

iray (5Y4/2) firm fairly homogeneous

and organic center. Olive (5Y 5/3) me

TOTAL C-ORGANIC C-CARBONATE (%)
5,92 cm (0.9.0.8, 1)

SMEAR SLIDE SUMMARY

onge fragrr

(5Y 8/4) calcareous
ash body. Section 3,
92 cm. Lighter olive
gray (5Y 5/2) mottling,
Section 4, 120-130 cm;

Diatom
Sponge

c • r . 13S c:

e 2 ~ >- t
I S J ! > S 1
S 8 ö•S ö 8 δi
1-66 3-92 4-134 5-61
10 10 15 15
20 20 20 30
70 70 65 55

2 65 10

TR TR -

60 10 40

TR 21

Grayish green (10GY 5/2) silt-sized diatorr

Olive gray (5Y 4/2) firm clayey diatom oo

Dark gray (N3) mottles, Section 6, 31 and 127 c

SITE 438 HOLE A CORE 32 CORED INTERVAL: 353.5-363.0 r

FOSSIL

CHARACTER

GRAPHIC

LITHOLOGY 5«

,vojpi

VOID =

LITHOLOGIC DESCRIPTION

Olive
tainii
of d£

! gray (
ng a fe'
irk gra.

140-145 err
medi
olive

um-gra

5Y 4/2) f
* sponge
/ (N3) ver
i;darkgr•
lined ash,

(5Y 6/3) mottle

irm cla
fragme
y fine-'
ty to bl
Sectioi
;s Sect

yey diatom
nts. Irreguli
grained ash,
ack IN3-1)
i 2, 15-17 c
ion 2, 75 ar

ooze <
jr pocl

Sectii
fine-1
:m. Pal
id 115

SMEAR SLIDE SUMMARY

Medium tc
(N5-7)fim
grained ash.

Olive gray
clayey dial
containing
fragments.

Section 4
and 122 er

ght g
>dium-

(5Y4/2) firm
tor
a
Ol

21

n oo;
few s

an 3,
,54,'

;ponge
5Y 5/3)
. 130 cm

71, 119

1-53 3-91 4-59
25 20 ?5
30 30 20
45 50 55

23 - 33

TR - TR



SITE 438 HOLE A CORED INTERVAL: 363.0-372.5 m SITE 438 HOLE A CORED INTERVAL: 372.5-382.0 r
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LITHOLOGIC DESCRIPTION

At top of core is;
Olive gray (5Y 4/2) hard but somewhat friable calcite-cemented
layer 2 cm thick overlain by ash pocket and underlain by pale

layers. Contains a sponge fragment.

Olive gray (5Y 4/2) firm clayey diatom ooze containing a few
sponge fragments. Upper Section homogeneous. Olive gray
(5Y 4/2) calcareous mottles, Section 2, 12 cm. Pale olive
(5Y 6/3) calcareous mottles, Section 2, 50. 63, 80, 89, 115,
134, 143, and 147 cm; dark gray to black (N3-11 silty to fine-
grained mottles, Section 2, 3, 7, 4 1 , 52, 77, and 101 cm;
medium-grained ashy mottles. Section 3, 16, 22, 57, and 61
cm; olive (5Y 4/3) mottles. Section 2, 30 and 40 cm.

Sandy diatom

Section 2, Olive gray (5Y 4/2) coarse clayey sand, Section 3, 80 cm.
41 cm.

Olive gray (5Y 4/2) firm clayey diatom ooze with a few sponge
fragments. Pumice fragment 2 mm in diameter, Section 3, 87 cm.

Medium gray (N5) mottles. Section 3, 105 cm.
Olive gray (5Y 4/2) chalk, Section 4, 45 cm.

fragments. Dark gray (N3) sandy mottles. Section 4, 30 and 72

Light gray (N7) ash. Section 4, 73-80 cm. Olive gray (5Y 4/2)

81-89 cm. Section 5, 51-58 cm; medium gray (N5) sandy mottles.
Section 4, 119, 24, and 129 cm; bluish gray (5B 6/1) diatom-rich

Olive gray (5Y 5/2) medium sand, Section 5, 65 cm. Olive gray
(5Y 5/2) firm clayey diatom ooze. Dark gray (N3) silty to fine-
grained mottles. Section 6, 69, 92, and 109 cm; light to medium
gray (N5-7) ashy mottle. Section 5, 141 cm; olive (5Y 5/3)
mottles. Section 6, 3, 6, 9, 111,114, and 116 cm.

Dark to medium gray (N3-5) slightly graded sand, Section 6,
120-125 cm. Olive gray (5Y 5/2) firm clayey diatom ooze.
Coarse-grained pumiceous pocket 3 cm in diameter, Section 6,
129-132 cm.

TOTAL C - ORGANIC C - CARBONATE (%l
5.12 cm (0.6,0.5, 1)

CARBONATE BOMB
3. 70-72 cm = 1-2%

SMEAR SLIDE SUMMARY

^ » •D TI -

S
an

dy

D
ia

to
i
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k

A
sh

C
la

ye
y

C
la

ye
y

C
la

ye
y

2-41 2-89 4-74 5-30 5-34 5-55

Sand 20 25 4 0 25 25 25

Clay 60 55 35 50 50 55

Quartz 20 2 15 8 10 10

Feldspar 20 TR 7 5 5 3

Heavy minerals TR TR 5 2 1 3

Clay minerals 25 - - 23 17 34

Volcanic glass 2 - 6 5 2 5 -

Glauconite TR TR TR

Diatoms 30 35 5 55 55 4 5

Radiolarians TR -

Sponge spicules 3 3 3 5 7 5

Carbonate 60 TR

Silicoflagellates _ _ _ _ _ TR

FOSSIL

CHARACTE

GRAPHIC

LITHOLOGY

m
i z

LITHOLOGIC DESCRIPTION

Olive gr<

(5Y 6/2!

5Y 4/2) firm clayey diatom

itter indurated layer, 20-30 c

Jonge fragments. Dark gray (N3)
, Section 1, 70 and 90 cm; light
rd ash pocket, Section 3. 86 cm;
?) mottles, Section 2, 20, 31, 39, 92,

SMEAR SLIDE SUMMARY

cδ SS ffg J•S

1-16 1-31 2-78 6-64
30 25 20 20
20 25 40 30
50 50 40 50

10 22 29 32

Medi
silt-si

urn gray (N5)
zed ash. Foraminifers

Diatoms
Radiolarians
Sponge spicules
Silicoflagellates
Coccoliths

2
_
50
_

5
TR
_

1 H

2
50

1
7

—
_

I K
—

45
—

7
TR
_

I H

TR
45
TR

7
TR
TR

Olive gray (5Y 4/2) firm clayey diatom ooze containing sponge fragments. Rounded
2-3 cm pumice pebbles. Section 4,95 cm, Section 5, 22 cm; pale olive gray (SY 6/2)
mottles. Section 6 , 6 , 3 6 , 4 2 , and 54 cm.
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SITE 438 HOLE A CORED INTERVAL: 382.0-391.5 r SITE 438 HOLE A

LITHOLOGIC DESCRIPTION

Ge
fin
COI

sill
bis
sm
75

neral description
Ti, fairly homoge
πtaining a few sp<
:y mottles, Sectio
ick {(Ml-3) silt po.
all yellowish whi
cm; black (NI > s

of core: c
neous, cla'
3 nge fragπ
»n 4, 30 er
cket, Secti
te mottles
treaks. Se.

ilivc
yey
len
n;d
ion
,Se

s gray

diato
ts. Gπ
arkgr
6,63
ction
m 1.9

(5Y 4/2
m ooze
ay (N5)
ay to
cm;
6. 60-
4-97 cm

TOTAL C - ORGAN IC C - CARBONATE (%)
5, 12 cm (0.9,0.5,3)

SMEAR SLIDE SUMMARY

3-29 3-111 3-112 4-65

Calcareous clayey diatom ooze. Medium gray (N5) silty ash, 9 cm thick.

CORE 36 CORED INTERVAL: 391.5-401.01

FOSSIL

CHARACTER

B RM CM AG

GRAPHIC
LITHOLOGY

m

LITHOLOGIC DESCRIPTION

Dark gray medium

Light olive gray
(5Y 6/2) mottles,
darker at base.

_ Clayey diatomite.

~] Clayey diatomite.

Olive gray (5Y 4/2) fir

fragments in upper 2 r

SMEAR SLIDE SUMMARY

1-71 2-98 4-50 6-60

TR - TR TR
2 - -

40 50 80 30

^ = sponge fragrr

Olive gray (5Y 4/2) firm
by square brackets. Fine-
10 and 58 cm. Sandy cla
Section 6, 89 cm.

ey diatom ooze; clayey diatoπ
nedium-grained sandy ash 2 c
/er. Section 6, 109-112 cm. PL



SITE 438 HOLE A CORE 37 CORED INTERVAL: 401.0-410.5 m
FOSSIL

CHARACTER

GRAPHIC
LITHOLOGY

SITE 438 HOLE A

LITHOLOGIC DESCRIPTION

lishgray (5G 5/1) firm dia

SMEAR SLIDE SUMMARY

Spot
half.

nishgray (5G5/1)

igrfspicule/in lower
Sa

Cl.
Q i

FL•

πd

>y

dspa

CORE 38 CORED INTERVAL: 410.5-420.0m
FOSSIL

CHARACTER

AG FM CM AM

GRAPHIC
LITHOLOGY

LITHOLOGIC DESCRIPTION

Slightly ash-rich layer.

Olive gray (5Y 4/2) firm clayey diε

SMEAR SLIDE SUMMARY

t h i s is
1-117 3-101 5-29

NOTE:

Y • sponge fragment!
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420.0-429.5 m

LITHOLOGIC DESCRIPTION

Medium gray (5Y 5/1) intensely mottled
clayey calcareous diatomite.

TOTAL C - ORGAN IC C - CARBONATE (%)
5.0 cm (1.5,0.6, 7)

CARBONATE BOMB
3, 86-88 cm = 2-3%

SMEAR SLIDE SUMMARY

E

-i.5 8

£l HI f i i%

Cl
a

Cl
a

di
a

Di
a

cla Cl
a

di
a

1-46 4-90 5-87 6-110
Sand 7 25 5 5
Silt 29 25 45 45
Clay 64 60 50 50

Dark gray (5Y 4/1) pXspar 2 5 " 3
moderately mottled Heavy minerals 2 2 1
clayey diatomite. C |a y m i n e r a | s 24 39 43 42

VOIcanic glass 11 TR 5 5
Glauconite TR - - TR
Pyrite 2 - - -
Diatoms 27 35 25 40
Radiolarians 2 TR 1 TR
Sponge spicules 7 3 5 2
Silicoflagellates 1 - - -
Carbonate 20 7

Dark gray (5Y 4/1)
moderately to intensely

claystone.

Black 1.3 cm
rounded pebble.

Medium gray (5Y 5/11 moderately mottled clayey diatomite.

SITE 438 HOLE A CORE 4Q CORED INTERVAL: 429.5-439.0 r

FOSSIL
CHARACTER

GRAPHIC
LITHOLOGY

;N —

O.G. SAMPLE

LITHOLOGIC DESCRIPTION

Medium gray |5Y 5/1) r

Dark greenish gray (5G 4/1

Olive gray (5Y 4/2) modera

Olive gray I5Y4/2) model

Well indurated

•nottled clayey diatomit

TOTAL C - ORGANIC C - CARBONATE (%)
1, 25 cm (1.6,0.5,9)
3.20 cm (1.0,0.9,0)

SMEAR SLIDE SUMMARY

8 : • s Is sj SE

i% II t l | s SS is
s j .? & g s g $ s & I &

1-76 2-87 3-56 4-89 5-62 7-18
2 5 5 1 2 2

48 30 50 35 38 35
50 65 45 64 60 63

TR 1 1 TR TR TR
34 52 35 54 55 54

5 5 5 5 5 5
TR - TR TR TR

- - - - - TR
30 25 50 29 25 25
TR TR TR TR -
2 2 2 2 1 2

TR -
TR TR TR TR TR -



SITE 438 HOLE A CORE 41 CORED INTERVAL: 439.0-448.5 r SITE 438 HOLE A CORE 42 CORED INTERVAL: 448.5-458.0 r
FOSSIL

CHARACTER

I Z
u.3

CG CM CM AM

GRAPHIC
LITHOLOGY

LITHOLOGIC DESCRIPTION

ledium gray (5Y 5/1) mode

alf dark gray (5Y4/1).

TOTAL C - ORGANIC C - CARBONATE (%l
1, 72 cm (0.6,0.6, 1)
3, 110 cm (0.5,0.6,0)
5, 33 cm (0.7, 0.4, 2)

SMEAR SLIDE SUMMARY

if if j | j(
1-79 2-89 4-74 5-66

1 2 2 2
34 38 43 38

1 TR TR TR
59 54 53 55
3 5 5 5

TR TR -
TR 1

25 25 25 25

FOSSIL
CHARACTER

RP RM CM AG

GRAPHIC
LITHOLOGY

_______ G

-_-_-. - - i G

LITHOLOGIC DESCRIPTION

Dark oliue gray (5Y 3/2) homogeneous

Sect,on2, 110 cm.

TOTAL C - ORGANIC C - CARBONATE (%l
2, 120 cm (0.4,0.5,0)
5,65 cm (0.9,0.8. 1)

SMEAR SLIDE SUMMARY

2-98 3-106 4-127 5-16 6-65

White clay-sized tuff 3 mm thick.



SITE 438 HOLE A CORED INTERVAL: 458.0-467.51

LITHOLOGIC DESCRIPTION

Black sand body.

Black sand pocket.

Medium gray (5YR 5/1)

Sandy layer

Sand pocket

Silty

White 8 mm pumice pebble

TOTAL C - ORGANIC C - CARBONATE (
2,49 cm (0.8,0.7,0)
5, 107 cm (0.3,0.4,0)

SMEAR SLIDE SUMMARY

Hi II II

Radiolarians
Sponge spicule
Silicoflagellate!
Palagonite

1-58 2-81 4-78 5-75 6-29
2 1 2 25 5

58 79 43 30 50
40 20 55 45 45
10 5 10 5 10

- - - TR -

5 37 34 35

30 1 35 40 35
2 - TR - 1

Y ~ sponge fragrr

SITE 438 HOLE A CORE 44 CORED INTERVAL: 469.5-479.6 r

FOSSIL
CHARACTER

GRAPHIC
LITHOLOGY

LITHOLOGIC DESCRIPTION

Black sand pocket, 5 n
Dark gray (5Y 4/1)
homogeneous diatoma

Wood fragment, 10 mi

Medium gray (N5) tuff.

Dark gray muddy diatomite

Dark gray (5Y 4/1) homogen

TOTAL C-ORGANIC C-CARBONATE (%)
3, 84 cm (0.8 0.7, 0)
5, U 0 cm (0.8, 0.7, 0)

SMEAR SLIDE SUMMARY

> | s r | | 2 1 2 sr I
If * ! is Ift «
1-86 294 2-62 5-20 6-49

2 2 2 2 20
48 43 33 33 30
50 55 66 65 50

1 1 TR -
40 46 57 60 40

1 2 - - -
TR

35 30 20 20 40



SITE 438 HOLE A CORE 45 CORED INTERVAL: 479.0488.5 r

LITHOLOGIC DESCRIPTION

TOTAL C - ORGANIC C - CARBONATE (%)
1,33 cm (0.6,0.6,0!
2. 50 cm (0.9, 0.9, 0)

SMEAR SLIDE SUMMARY

E o ε s ε

Is is Iif if if ifJ!

Radiolaπans
Sponge spicule
Silicoflagellate
Palagoπite

δ

1-91 3-75 4-64 5-31 6-81 6-90
2 1 - 1 1 1

33 29 30 24 24 24
65 70 70 75 75 75

1 TR TR 1

1 - - - - 1
20 15 15 15 15 15

TR TR TR -

NOTE:
• = sponge fragments.

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

FOSSIL

CHARACTER

GRAPHIC

LITHOLOGY
LITHOLOGIC DESCRIPTION

Wood fragment, 18

Dark olive gray (BY 3/2)

SMEAR SLIDE SUMMARY

tsi

Sponge spicule!
Silicoflagellate!
Palagonite

i f i
1-53 2-95 3-46 4-97 5-7

1 1 16 5 30
29 29 25 35 50
70 70 60 60 20

3 10 10 10 30
TR - -

1 - - - 20
15 15 20 15 -

TR -



SITE 438 HOLE A CORE 47 CORED INTERVAL: 498.0-507.5 m SITE 438 HOLE

FOSSIL

CHARACTER

GRAPHIC

LITHOLOGY

-i-io
o
o
o
o
o
o
o
o
o
o

LITHOLOGIC DESCRIPTION

Dark olive gray (5Y 3/2) ho

TOTAL C - ORGANIC C - CARBONATE (%)
2, 120 cm 10.6, 0.7, 01
4, 30 cm (0.7,0.7,0)
6,72 cm (0.6,0.7,-1)

SMEAR SLIDE SUMMARY

Sponge spicule
Silicoflagellate:
Palagonite

NOTE:

Φ - •

1-30 2-33 3-24 4-20 5-76
1 1 10 1 —

34 28 20 34 35
65 70 70 65 65

53 60 65 62 59

TR -

20 20 20 15 15

TR -

CORE 48 CORED INTERVAL: 507.5-517.0 r

FOSSIL

CHARACTER

GRAPHIC

LITHOLOGY
LITHOLOGIC DESCRIPTION

Olive gray (BY 4/2)
to dark olive gray
(5Y 3/2) homogeneous
silicified diatomaceous

y (5Y 4/2) homogeneous dia

TOTAL C - ORGANIC C - CARBONATE (
1,89 cm (0.8,0.8,0)
3, 19 cm (0.6,0.6,0)
5, 18 cm (0.7,0.8,0)

SMEAR SLIDE SUMMARY

Radiolarian
Sponge spic
Carbonate
Palagonite

i5 _ 0 _ trt ft

1-90 2-96 3-100
2 7 8

38 25 30
60 68 62

55 53 38

20 23 28



SITE 438 HOLE A CORE 49 CORED INTERVAL: 517,0-526.5 m

FOSSIL

CHARACTER

GRAPHIC
LITHOLOGY

LITHOLOGIC DESCRIPTION

Dark olive gray (5Y 3/2) homogeneoi.

moderately mottled and lighter colore
(5Y 4/1) near base. Weakly cemented
clay-sized quartz grains, about 20 per

TOTAL C - ORGANIC C - CARBONATE (%>
I, 118 cm (0.8.0.8,0)
3, 124 cm (0.9. 0.9, 0)
5,31 cm (0.7,0.7,0)

SMEAR SLIDE SUMMARY

Coccoliths
Other carb<
Palagonite

28 25 20

- TR -

Dark gray ash pocke
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36
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526.5-536.0 m

LITHOLOGIC DESCRIPTION

Tuff. 2 cm Dark gray (5Y 4/11 slightly to intensely mottled
thick. diatomaceous claystone.

TOTAL C - O R G A N ICC -CARBONATE (%)
1,128 cm (1.2, 0.8, 3)

3, 70-72 cm = 1-2%

SMEAR SLIDE SUMMARY c , S

| | | | g | I J

|| 1} || | 1
2-122 3-76 4-35 5-91

Silt 35 30 28 9

Quartz 11 13 30 44
Feldspar 1 2 7 1
Heavy minerals 1 - 2 -
Clay minerals 48 45 42 9
Volcanic glass 2 2 -

Pyrite 1 1 1 1

Olive gray (5Y 4/21 Radiolarians 2 4 2 TR
slighty to intensely Sponge spicules 3 5 4 2
mottled diatomaceous Silicoflagellates 1 TR

claystone. Other carbonate 2 25

Olive gray (5Y 5/2)
intensely mottled

cákar™ues°U$

Dark gray (5Y 4/1)

- J



oc
oc

SITE 438 HOLE A CORED INTERVAL: 536.0-545.5 m SITE 438 HOLE A

o,_

FOSSIL
CHARACTER

GRAPHIC
LITHOLOGY

A

LITHOLOGIC DESCRIPTION

SMEAR SLIDE SUMMARY

s
s t
|

3-128 5-120

CORE 52 CORED INTERVAL: 545.5-555.0 m
FOSSIL

CHARACTER

GRAPHIC
LITHOLOGY

LITHOLOGIC DESCRIPTION

Olive gray (5Y 5/2)

Dark gray (5Y 4/1) dii

SMEAR SLIDE SUMMARY

Diatoms
Sponge s

if II §1
II II II



SITE 438 HOLE A CORE 53 CORED INTERVAL: 555.0 564.5 r
FOSSIL

CHARACTER

GRAPHIC
LITHOLOGY

SITE 438 HOLE A CORE 55 CORED INTERVAL: 574.0-583.5 f

LITHOLOGIC DESCRIPTION

Dark gray (5Y 4/1) diatorr

SMEAR SLIDE SUMMARY

SITE 438 HOLE A CORE 54 CORED INTERVAL: 564.5-574.0 m
FOSSIL

CHARACTER

GRAPHIC
LITHOLOGY

0 =
O

LITHOLOGIC DESCRIPTION

Thin darker beds

Olive gray (5Y 5/2)
mottled nannofossil
bearing diatomaceous

SMEAR SLIDE SUMMARY

o 1 ° 2
SS 6 1

1-113 4-102

FOSSIL
CHARACTER

GRAPHIC
LITHOLOGY

LITHOLOGIC DESCRIPTION

Sponge spicules pocket

5YO
diatomaceous
ciaystone

SMEAR SLIDE SUMMARY

II
O Ti



SITE 438 HOLE A CORE 56 CORED INTERVAL: 583.5-593.0m

FOSSIL
CHARACTER

GRAPHIC
LITHOLOGY

=z÷zoz=z-z-ö

i -q^z÷z.÷z1"

LITHOLOGIC DESCRIPTION

Olive gray (SY 5/2)
mottled calcareous
chalk

Diatomaceous
claystone

Dark gray (5Y 4/1) diatomace
slightly mottled to homogene.

SMEAR SLIDE SUMMARY

Volcanic glass

Radiolarians
Sponge spicule
Carb. unspec.

SITE 438 HOLE A CORE 57 CORED INTERVAL: 593.0-602.5 r

FOSSIL
CHARACTER

GRAPHIC
LITHOLOGY

T

LITHOLOGIC DESCRIPTION

R.)
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y bint
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urbated
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rk gray
iringcli

I 5 Y

>ystc
4/1)diato
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maCBOus
ately biot

nann
uiba

SMEAR SLIDE SUMMARY

Sponge spicule
Carb. unspec.



SITE 438 HOLE A CORE 58 CORED INTERVAL: 602.5-612.01
FOSSIL

CHARACTER

GRAPHIC
LITHOLOGY

LITHOLOGIC DESCRIPTION

Seve

com
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l ight

of tl
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alklaye

mth
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6/2)

SMEAR SLIDE SUMMARY

ù S S•B

1-78 1-117

SITE 438 HOLE A CORE 59 CORED INTERVAL: 612.0-621.5 m

LITHOLOGIC DESCRIPTION

fi

Vertical dark anastomosing
streaks {dewatering
structures?)

SMEAR SLIDE SUMMARY



SITE 438 HOLE A CORE 60 CORED INTERVAL: 621.5-631.0 m
FOSSIL

CHARACTER

GRAPHIC
LITHOLOGY

LITHOLOGIC DESCRIPTION

Volcanic ash pocket

Light gray (5Y 6/11

TOTAL C-ORGANIC C-CARBONATE (%)
1.81 cm (7.6, 0.3, 61)
3, 22 cm (0.7, 0.7, 0)

SMEAR SLIDE SUMMARY

•s * 1 St
> S O O T3
1-71 1-111 2-56
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CORE 62
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1.0-

CORED INTERVAL:

GRAPHIC
LITHOLOGY
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640.5-650.0 m

LITHOLOGIC DESCRIPTION

Greenish gray (5GY 5/1) diatomaceous

SMEAR SLIDE SUMMARY
Slight mottling

| |

St

1-83
Sand 8
Silt 32
Clay 60
Quartz 4
Feldspar 1
Mica
Heavy minerals TR
Clay minerals 51
Volcanic glass 6
Glauconite 2
Pyrite
Zeolite minerals TR
Foraminifers —
Diatoms 24
Radiolarians 2
Sponge spicules 3
Silicoflagellate! 1

SITE 438 HOLE A CORED INTERVAL: 650.0-659.5 i
SITE 438 HOLE A CORE 61 CORED INTERVAL: 631.0-640.5 r
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L
E LITHOLOGIC DESCRIPTION

Gray (5Y 5/1) intensely bioturbated diatomaceous
claystone. Contains 1 mm black spots (scoria
fragments?).

R
O

C
T

FOSSIL
CHARACTER

GRAPHIC
LITHOLOGY

LITHOLOGIC DESCRIPTION

Greenish gray (5GY 5/1) Highly disturbed greenish gray (5GY 5/1)

SMEAR SLIDE SUMMARY

Feldspar
Heavy m
Clay mir
VOIcanii
Zeolite r
Diatoms
Radiolar
Sponge s
Carb. un

inerals
>erals
: glass

ians
spicules
spec.



SITE 438 HOLE A CORE 64 CORED INTERVAL: 659.5-669.0m

FOSSIL

CHARACTER

GRAPHIC

LITHOLOGY

- – L

LITHOLOGIC DESCRIPTION

5GY 5/1 very i
grained diatom
vitric claystone
(6% hornblend.

Thin chert bed.

lishgray (5GY5/1ldia

TOTAL C - ORGANIC C - CARBONATE (%l
1, 7 cm (0.6,0.7,0)
3, 95 cm (0.6, 0.6, 01
5,85 cm (0.6,0.7,0)

SMEAR SLIDE SUMMARY

Raπ•iolariaπs
Sponge spicult
Carb. unspec.

green grains (glauconite?) throughout this bed.

Black dewatering veins as abovt

i l £ µ s? :s

I hIIII ill!S•s
3-30 3-93 4-98 5-47 6-65
12 8 8 10 12

19 24 20 38
56 34 73 68 70 50

TR TR -
8 5 TR 1 TR 1

49 15 70 67 68 42

TR TR -

SITE 438 HOLE A CORE 65 CORED INTERVAL: 669.0-678.5 m



SITE 438 H O L E A CORE 66 CORED INTERVAL: 678.5-688.0 m SITE 438 H O L E A CORE 68 CORED INTERVAL: 697.5-707.0 r

FOSSIL
CHARACTER

G R A P H I C
LITHOLOGY

LITHOLOGIC DESCRIPTION

"vertical" bedding (
in drilling mud)

SMEAR SLIDE SUMMARY

Ji l l
Sand
Silt
Clay
Quartz
Feldsp;
Heavy
Clay m
Volcan
Diatom
Radioli
Sponge
Carb. u

ar
minerals
inerals
ic glass
is

arians
spicules

2-88 2-91
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5
3
1
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_
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5
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688.0-697.5 m

LITHOLOGIC DESCRIPTION

Drilling slurry
vertical block of
limestone and Greenish gray (5GY 5/11 diatomaceous
day ton. claystone

Small block with dewatering veins

LITHOLOGIC DESCRIPTION

Black spot (13): clayey limes
bioturbated bed of muddy Mr
(5GY 7/1) offset by a 3 cm r

TOTAL C - ORGANIC C - CARBONATE (%)
1,26 cm (1.0,0.6,3)
2. 125 cm (0.5,0.5.0)

SMEAR SLIDE SUMMARY

αë 5-s ü S ó•S
1-13 1-64 4-132 6-94

27 58 50



SITE 438 H O L E A CORE 69 CORED INTERVAL: 707.0-716.5 r
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E LITHOLOGIC DESCRIPTION

Calcareous claystone, dark greenish gray
(5GY 4/1) highly disturbed in drilling.

SITE 438 HOLE A CORED INTERVAL: 716.5-726.0 m
FOSSIL

CHARACTER

GRAPHIC
LITHOLOGY

o
o
o
o
o

rrjo

O.G. SAMPLE

LITHOLOGIC DESCRIPTION

Claystone

Intense bioturbation:

TOTAL C - ORGANIC C - CARBONATE (%l
1,92 cm (0.5,0.5,0)
5. 57 cm (0.9, 0.9, 0)

SMEAR SLIDE SUMMARY

Radiolarians
Sponge spiculf
Carb. unspec.

II I Is
II 1 II
CJ "ü O Q "ö

1-48 2-67 4-20
5 3 5

26 20 25



SITE 438 HOLE A CORE 71 CORED INTERVAL: 726.0-735.5 m

FOSSIL

CHARACTER

z z>t-i->i-z-:

GRAPHIC

LITHOLOGY

SITE 438 HOLE A CORE 72 CORED INTERVAL: 735.5-745.01

LITHOLOGIC DESCRIPTION

71-136 cm vertical dewater
(5GY 3/1), closed. Become
Limestone bed (5GY4/1) s

e, stained grayish olive gre

laster conduit taking off

Dark gray (5Y 4/1) diatomaceou;
claystone with rare 5Y4/1 limest
One ash layer in section five; dew

TOTAL C - ORGANIC C - CARBONATE (%]
1, 101 cm (0.5 0.5,0)
5, 73 cm (0.5, 0.6, 0)

SMEAR SLIDE SUMMARY

~ o c ™ o c ft

Mi i f ig f f
ö l ö S S ö S • S 3

Sand
Silt
Clay
Quartz
Feldspar
Heavy minerals

1-39 3-42 4-142
5

10
80

6
3

_

5
20
75
3
1

4
24
72

5
1

_

FOSSIL

CHARACTER

GRAPHIC

LITHOLOGY

\j

-:-:-_-:-:-_: :π

LITHOLOGIC DESCRIPTION

Ity claystone

m bluish gray (5B 5/1)

TOTAL C - ORGANIC C - CARBONATE (
1, 56 cm (0.5,0.5,0)
5, 100 cm (0.5,0.5,0)

SMEAR SLIDE SUMMARY E S

nil
3 S

1-28 5-30 5-61

25 35 20

TR 5 TR



SITE 438 HOLE A CORE 73 CORED INTERVAL: 745.0-754.5 m
FOSSIL

CHARACTER

GRAPHIC
LITHOLOGY LITHOLOGIC DESCRIPTION

bioturbated with
light olive gray
(5Y 5/2) worm

Large burrows

5Y 3/2 muddy

Medium bluish gray (5B 5/1) diatomac
claystone to light olive gray (5Y 3/2)
muddy diatomite with extensive biotu

SMEAR SLIDE SUMMARY

Radiolarians
Sponge spicules
Palagonite

II

1-36 3-17 4-38 5-135
45 15 20 20
20 25 20 20
35 60 60 60

TR -
4 35 30 30

- - TR _

SITE 438 HOLE A CORE 74 CORED INTERVAL: 754.5-764.0 m
FOSSIL

CHARACTER

GRAPHIC
LITHOLOGY

LITHOLOGIC DESCRIPTION

Dark gray (5Y 4/1) dia

Round pebble (5 mm]

Angular pebble

Dewatering veins

SITE 438 HOLE A CORE 75 CORED INTERVAL: 764.0-773.5 r
FOSSIL

CHARACTER

GRAPHIC
LITHOLOGY

LITHOLOGIC DESCRIPTION

Highly bioturbated dark greenish gray (5GY 5/1)

SMEAR SLIDE SUMMARY

Sponge spicules
Palagonite
Carb. unspec.



SITE 438 H O L E A CORE 76 CORED INTERVAL: 773.5-783.0 r SITE 438 HOLE A CORE 78 CORED INTERVAL: 792.5-802.0

FOSSIL
CHARACTER

GRAPHIC
LITHOLOGY LITHOLOGIC DESCRIPTION

SITE 438 HOLE A CORED INTERVAL: 783.0-792.5 m

Medium greenish gray (6GY 5/11 diatom
claystone with bioturbation throughout
ash pockets.
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Medium olive gray (6Y 5/1) diatomaceous

TOTAL C - ORGANIC C - CARBONATE (%)
5Y5/1 1,59 cm (0.9. 0.8. 1)



SITE 438 HOLE A CORE 79 CORED INTERVAL: 802.0-811.5 m
FOSSIl

CHARACTER

B B CM CP

GRAPHIC
LITHOLOGY

LITHOLOGIC DESCRIPTION
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SMEAR SLIDE SUMMARY

6-86

SITE 438 HOLE A CORE 80 CORED INTERVAL: 811.5-821.0 m

O ,_

FOSSIL
CHARACTER

GRAPHIC
LITHOLOGY

H^K-~-O"-~-~- -I

LITHOLOGIC DESCRIPTION

SMEAR SLIDE SUMMARY g

is lë

Medium olive gray (5Y5/1I

SITE 438 H O L E A CORED INTERVAL: 821.0-830.5 r
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Olive gray (5Y 4/1) rnudstone with small sandy
inclusion which may be burrow filling as it is
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LITHOLOGIC DESCRIPTION

5GY4/1

Burrowjglauconitic D a r k g r e e n i s h g r a y ( 5 G Y 4 / , , d i a t o m a c e o u s

clavstone V claystone with a large burrow (0-50 cm).
a y s π e Dark greenish gray (6GY 1 /4) silty sandstone

‰ ,, (50-100 cm).

Slr i te fillpd D a r k 9 r e e n i s h 9r=V (5GY 1/4) claystone
^ l c " e f l l l e d (110-150cm).

Dark greenish gray (5GY 1/4) sandy
mudstone (150-300 cm).
Dark greenish gray (5GY 4/11 diatomaceous
sandy claystone (300-450 cm).
Dark greenish gray (5GY 4/1) mudstone
(450-600 cm) and diatomaceous claystone

5 G Y 4 / , (600-640 cm).

TOTAL C - ORGANIC C - CARBONATE (%)
3, 9 cm (0.7, 0.8. 0)

CARBONATE BOMB
3, 139-142 cm = 0-1%

SMEAR SLIDE SUMMARY

ε

| | | | 9

5GY4/1 § l f & | f

1-21 1-96 1-147
Sand 40 50 8
Silt 30 30 15
Clay 30 20 77
Quartz 6 35 3
Feldspar 6 23 3
Heavy minerals 2 2

5 G Y . , , Volcanic glass 5 6 6
b ü 4 / 1 Glauconite 10 TR TR

^nmudstoneni l ted Sρon°g7spicules " 2 2
in mudstone Micro quartz 25 15

Palagonite 2 2
Silicoflagellate: TR

Calcalious

5GY 4/1

Sandy layer

chondrites and zoophycus.

SITE 438 HOLE A CORE 84 CORED INTERVAL: 849.5-859.0 r

SITE 438 HOLE A CORE 83 CORED INTERVAL: 840.0-849.5 r
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01 ive gray (5Y 4/1) diatomaceous claystone
(slightly sandy).

FOSSIL

CHARACTER

GRAPHIC

LITHOLOGY
LITHOLOGIC DESCRIPTION

5GY 4/1

Tuff pockei

5GY 4/1

Dark greenish gray (5GY 4/1) dis

Dark greenish gray (5GY 4/1) v
with bioturbation and with dev
throughout core (150-765 cm).

SMEAR SLIDE SUMMARY

Q•S > > 3

1-49 2-86 3-40

Sponge sp
Carb. uns[
Palagonite

Olive gray (5Y 4/1) diatomaceous claystone sponge



SITE 438 HOLE A CORE 85 CORED INTERVAL: 859.0 868.5 r

LITHOLOGIC DESCRIPTION

Sand pebble round,

5Y4/1

2, 103 cm (0.9, 0.9, 0)

SMEAR SLIDE SUMMARY
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868.5-878.0 m

LITHOLOGIC DESCRIPTION

Drilling breccia various pebbles of mudstone
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571.5-581.0 m

LITHOLOGIC DESCRIPTION

Drilling slurry of olive gray silty clay.

Bioturbated olive gray clay.
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661.5-671.0 m

LITHOLOGIC DESCRIPTION

Drilling slurry of olive gray mud.

SITE 438 HOLE B CORED INTERVAL: 786.0-795.5 r
FOSSIL

CHARACTER

GRAPHIC
LITHOLOGY

LITHOLOGIC DESCRIPTION

Small bluc•gra-

fill ing (hard)

al (cemented
CaCO3)

Hackly fractures in core

(probable drilling disturbance)



SITE 438 HOLE B CORED INTERVAL: 853.3-862.7 m

FOSSIL

CHARACTER

GRAPHIC

LITHOLOGY
LITHOLOGIC DESCRIPTION

Darker beds

Dewatering veins wit!
offset of darker bed
and ash layer

Claystone
Silty ash offset by

5GY 3/2
Diatomaci

claysto

Grayish-olive green (5GY 3/2) c

probably dewatering features.

ish green (10GY3/2)

TOTAL C - ORGANIC C - CARBONATE (%)
1, 148 cm (0.6,0.5,0)
4, 126 cm (0.8,0.8,0)

CARBONATE BOMB
3,47-49 cm = 1-2%

SMEAR SLIDE SUMMARY

u Q•B .6 i j fe I 6 |
§ | K

Sand

Silt

Clay

Quartz

Feldspar

Mica

Clay mini

1-65 1-76 2-33 2-37 2-46 3-85 5-65
5 10 6 7 10 8 -

20 65 19 20 20 12 30

75 25 75 73 70 80 70
17 12

1 3 1 -
TR -

5GY 5/2 mottles surrounded by black r
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LITHOLOGIC DESCRIPTION

Black " ^ " e ' π S Grayish-olive green (5GY 3/2) diatomaceous
Burrow fills with claystone slightly mottled (5GY 5/2) with common
diatomaceous clayey dark veins and some microfaults.
tuff, offset by fault

Diató^ceous5"5 ' SMEAR SLIDE SUMMARY
claystone

Minor fault
Small pockets of tuff
(blac cl o _ |

D
ia

t
cl

ay

D
ia

t
cl

ay

1-36 1-68
Sand 40
Silt 30 20
Clay 30 80
Quartz 7 7
Feldspar 10 5
Mica
Heavy minerals 5
Clay minerals 30 71
Volcanic glass 30 5
Glauconite
Pyrite 1 1
Zeolite minerals TR 1

Diatoms 15 10
Radiolarians 1
Sponge spicules 1 TR

872.1-881.5 m

LITHOLOGIC DESCRIPTION

Drilling mud

Diatomaceous Grayish-olive green (5GY 3/2) diatomaceous

faults and veins.

grains throughout TOTAL C - ORGANIC C - CARBONATE (%l
section 1,125 cm (0.5, 0.5, 0)
Small fractures

Moderate mottling CARBONATE BOMB
with dark yellowish 3 20-22 cm = 0%

^Ur,r,0WS SMEAR SLIDE SUMMARY
Drilling breccia

Ash pocket (diameter

gray (5B 5/1) fault surface . § Φ

Distinctive burrows filled ,5 i I

(10YR 6/6) carbonate 1-22 2-66

Black grains throughout S a n d 5 1 3

Clay 75 27

Drilling breccia Quartz 5 8

Feldspar 5 5

Mica

Heavy minerals 1 3

Clay minerals 69 10

Volcanic glass 8 70
Glauconite -
Pyrite 1

Zeolite minerals -

Foraminifers

Diatoms 10 2
Radiolarians
Sponge spicules 1

Palagonite - 2



SITE 438 HOLE B CORED INTERVAL: 881.5-890.9 m

SITE 438 HOLE B CORED INTERVAL:

FOSSIL
CHARACTER

i
RJV FP

GRAPHIC
LITHOLOGY

LITHOLOGIC DESCRIPTION

throughout Sections
2 and 3 with dusky yelk
green (5GY 5/21 carbon,
burrow fillings
Microfractures

rofaults and
s (thin, planai

Grayish-olive green (5GY 3/2) diatomaceou
daystone and claystone with duskyyellow
(5GY 5/2) bioturbated pockets; extensively

TOTAL C - ORGANIC C - CARBONATE (%>
1, 136 cm (0.8, 0.8, 0)

SMEAR SLIDE SUMMARY

I
| | |

1 1!
1-105 2-75 3-8

Sponge spic
Palagonite

LITHOLOGIC DESCRIPTION

SMEAR SLIDE SUMMARY

Pyrilü
Zeolit

Radiolarians
Sponge spiculo
Carb. unspec.
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900.3-909.7 m

mottle

5Y4/2
dewatering
veins

calcite cemented

mottles or burrows
containing coarse sand

wood fragment
5 mm length

Dark gray (5Y 4/1) subr
calcite pebble
Dark, medium olive gray
(5Y 3/2, 5Y 4/2) highly
burrowed silty clayston

LITHOLOGIC DESCRIPTION

Olive gray (5Y 4/2) claystone 10-15 c

Olive gray (5Y 4/2) medium-to
clayey sandstone, poorly sorted
and Plagioclase grains prominen

Olive gray (5Y 4/2) sandy s.lty
sorted. White very coarse-graine
composition of glassand feldspa

Olive gray (5Y 4/2) vitric silty s
Moderately mottled. Somewhat
brecciated containing some coar

TOTAL C - ORGANIC C -
3, 88 cm (0.4, 0.5, 0)

CARBONATE BOMB
3 4245 cm - 2%

SMEAR SLIDE SUMMARY

sunded

,.—

| |

1-95
Sand 40

Silt 10

Clay 50

Quartz 6

Feldspar 7

Mica

Heavy minerals

Clay minerals 65

Volcanic glass 13

Glauconite TR

Pyrite

Zeolite minerals TR

Foraminifers —

Diatoms 5
Radiolarians
Sponge spicules TR
Microcrystalline quartz

Palagonite
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909.7-919.2 m

LITHOLOGIC DESCRIPTION

Dark olive gray (5Y 3/2) silty daystone angular

reworked from older strata.

Black aphanitic rounded pebbles as ash in liner,

Dark olive (5Y 3/2) calcareous, silty.sandy,
daystone, with small pelecypods less than 1 cm
diameter and with several calcite filling fractures
(1 mm wide), highly burrowed, resembles hard-
ground. Sections of sediment are mineralized on

darker rinds.

From Core-Catcher:

I r ^ " Pelecypod fragments
p "^ ' • \ „ Dark rinds on clumps of sediment

SITE 438 HOLE B CORE 11 CORED INTERVAL. 919.2-928.7 m

LITHOLOGIC DESCRIPTION

Sandy, silty daystone (vitric
specks (sand-sized) which an
fragments, very angular. Sorr
as in Core 9.

rly abundant wh
jstly pumice/gla
jncentrated in m

Lighter colored
5Y 6/2, hard 1 ci
faulted

Bedding in this core is irregular and appears to dip steeply -35°

Crushed-flattened unrecognizable calcareous fossil (white with si

~2cm long, elongate) oriented 35° to horizontal.

Silty diatomaceous daystone, mottled, microfaulted.

SMEAR SLIDE SUMMARY

L I
1-121 1-131

Radiolarians
Sponge spicule
Palagonite
Microcrystallir
Carb. unspec.
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SITE 438 HOLE B CORED INTERVAL: 928.7-938.1 i SITE 438 HOLE B CORED INTERVAL: 938.1-947.5 r

LITHOLOGIC DESCRIPTION

slurry of drilling induced mud.

TOTAL C - ORGANIC C - CARBONATE (%]

4, 120 cm (0.9, 0.8, 1)

SMEAR SLIDE SUMMARY

eousclay

:lay beds and
2-129 4-112 5-16

Sll

Jie

ngl
ifai

g h t

ste

e si
Jits

: bedding
ep angle
-nail offs<
-30° to

5Y 4/2 microfaulted faintly mottled dia

5Y 5/2 of irregular thickness faulted

FOSSIL

CHARACTER

GRAPHIC

LITHOLOGY
LITHOLOGIC DESCRIPTION

4/2) dial
:ed in µlai

5Y 4/2 diatomaceous claystonβ intensely micro-
faulted (almost a breccialjfault planes distinct tc
faint,offsets not measured (no visible bedding).

TOTAL C - ORGANIC C - CARBONATE (%)

2,111 cm (1.0, 0.8, 2)

CARBONATE BOMB
3, 52-54 cm - 2%

SMEAR SLIDE SUMMARY

3 . -

S 3 S i S

Radiolarians

Sponge spicule

Palagonite
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947.5-966.9 m

LITHOLOGIC DESCRIPTION

Dark greenish gray (5G 4/1-5/1) claystone with

dark gray mottles and streaks.
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Chunk of clayey

dark gray |N4) a
chips of gray gre

Silty mottled ( u

or ash—rather ha
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LITHOLOGIC DESCRIPTION

Vitric d
fracture

materia
surfaces

s, core pieces break a

This core, does not

TOTAL C - ORGANIC C -

SMEAR SLIDE SUMMARY
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Clay
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LITHOLOGIC DESCRIPTION

5GY 4/1 vitric claystone moderately but faintly

Small foram (benthic) mottled, slightly vitric (silty) highly fractured

molds, core bubbling (healed).

TOTAL C - ORGANIC C - CARBONATE (%)
Broken into very angular 1, 23 cm (0.9, 0.7, 1)

pieces set in drilling

slurry SMEAR SLIDE SUMMARY

5

1-14
Sand 7

Silt 13

Clay 80

Quartz 4

Feldspar 10

Mica

Heavy minerals TR

Clay minerals 42

Volcanic glass 11

Glauconite TR

Pyrite

Zeolite minerals

Foraminifers

Diatoms 5

Radiolarians -

Sponge spicules 8

Palagonite 1

Microcrystalline quartz 12

Carb. unspec. 7
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SITE 438 HOLE B CORE 17 CORED INTERVAL: 975.7-985.21

FOSSIL

CHARACTER

GRAPHIC
LITHOLOGY

1.0—•sin÷--rir^•-rjr-r.

1

LITHOLOGIC DESCRIPTION

Black (5Y 2/1) clayey siltstone, very highly
indurated, massive, but some slight, faint mottlin
no noticeable sedimentary structure. Pyrite and

•

observed.
face,
sides

TOTAL C - ORGANIC C - CARBONATE (%)
2, 142 cm (0.9,0.8, 11
3, 7 cm (0.8, 0.7, 0)

CARBONATE BOMB
2,69-71 cm 0%

ling, light gray, much finer grained material fills al

SMARE SLIDE SUMMARY

Black (5Y 2/1) clayey

I!

tone;
ng structure.
also plant

i

Silt
Clay
Quart/
Feldspar
Mica
Heavy m
Clay mir

Sponge
Microcr
Palagon
Carb. u

spicu
ystall
ite
nsoec

SITE 438 HOLE B CORE 18 CORED INTERVAL: 985.2 994.8 tn

FOSSIL
CHARACTER

GRAPHIC
LITHOLOGY

LITHOLOGIC DESCRIPTION

(5Y3/1)glauconitic
clayey siltstone. Very dark gray (5Y 3/11 clayey siltst<

fine-grained glauconitic

Slickensides47\ dip-slip movement

Very dark gray (5Y3/1)c

Glaucoπitic clayey siltstone, most glauconit

/dark gray (6Y 3/1) clayey s

TOTAL C - ORGANIC C - CARBONATE (%)
1,142 cm (0.6, 0.6, 0)
2, 133 cm (0.6,0.5, 1)

SMEAR SLIDE SUMMARY

Very dark gray
(5Y 3/1) clayey
siltstone

§

1-13 2-136 3-132 5-87

Giauci

Pynte

Radiolarians

Sponge spicules -

Palagonite 1



SITE 438 HOLE CORE 19 CORED INTERVAL; 994.8-1004.4m

FOSSIL
CHARACTER
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GRAPHIC
LITHOLOGY
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LITHOLOGIC DESCRIPTION

Very dark gray (5Y3/1)

homogeneous (460-1000 c

Dark olive gray (5Y 3/2) hor
clayey siltstone (0-450 cm).

Clayey siltstone glauconite bearing (.10%) in
fine-grained colliform shaped grains throughout

Dark olive gray (5Y 3/2) homogen
clayey siltstone relatively unfractu

Dark olive gray (5Y 3/2) homogeneous glauconit
clayey siltstone.

TOTAL C - ORGANIC C - CARBONATE (%)
2, 81 cm (0.5, 0.5, 0)
4, 64 cm (0.6, 0.5, 01

* t

ü θ .HO j , i. MO ü —1° 1

1-78 2-40 3-85 4-72 7-77 CC, 20

10 20 5 10 10 100

50 50 50 55 50

40 30 45 35 40 -

41 46 52 52 43

30 25 30 30 30 -

8 20 100

Dialuni!
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Sponge spicules
Palagonite
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LITHOLOGIC DESCRIPTION

Massive olive black (5Y 2.6/1) homogeneous

Many angular pods (4-8 mm diameter),
composed of glauconite grains.

5Y 2.5/1, pods become scarce from 230 cm
Rapid decrease of glauconite contents from 290 cm

Pebble, flat, dark downward.
pyritized carbon (wood),

x cm an mm t ic

Olive black (5Y 2.5/1) homogeneous clayey
siltstone (300-776 cm).

Fine piece of wood

TOTAL C - ORGANIC C - CARBONATE (%l
2, 77 cm (0.3, 0.3, 0)
4, 25 cm (0.6, 0.4, 0)

3, 103-105 cm = 0%

SMEAR SLIDE SUMMARY

5 Y 2 / 1 . a . » 5 5

| « 1 1 s |
s I I i f

Black pod <=ö O ü S ;
1-56 1-57 5-101

Sand 10 10 10

Clay 40 30 30
Quartz 32 41 40
Feldspar 5 5 11
Mica -

Greenish (5GY 2/1) Heavy minerals 2 TR 3
clayey siltstone Clay minerals 30 20 30

Volcanic glass 5 6

Dark grayish green Pyrite 3 1 2
(5G 4/1) pod Zeolite minerals
calcareous Foraminifers - - -

Sponge spicules - TR 1

Pebble of black Dark greenish gray (5GY 4/1J clayey siltstone.
limestone



SITE 438 HOLE B CORE 21 CORED INTERVAL: 1014.0-1023.41

FOSSIL

CHARACTER

GRAPHIC
LITHOLOGY

— 13" ~ • ~

fc>-

LITHOLOGIC DESCRIPTION

Dark greenish gray
(5G 4/1) burrow
Black piece of wood

Small pieces of wood

Burrow
Sandy bed

Small pieces of wood

Greenish black (BGY2/1)

Dark greenish gray
(5GY 4/1) limestone

Greenish black (5G Y 2/1) clayey sillstone,

burrows (300-500 cm).

TOTAL C-ORGANIC C-CARBONATE (%l
2. 116 cm (0.3,0.4,0)
3,102 cm (0.5.0.5,0)

SMEAR SLIDE SUMMARY

nish black (5GY 2/1) mudsi
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1023.4 1032.8 m

LITHOLOGIC DESCRIPTION

Medium dark olive gray (5Y 3/1) silly claystone

CARBONATE BOMB
Medium greenish gray 2 22-24 cm = 0-1%
(5GY 5/11 siltstone bed; ' °
graded, sandy at bottom SMEAR SLIDE SUMMARY

c Q «.

pieces with plant g ~ 5 £ §
fragments

1-101 1-104
Sand - 20
Silt 20 52
Clay 80 2 28
Quartz 25 40
Feldspar 10 18
Mica - 3
Heavy minerals 2 5
Clay minerals 56 24

Medium dark olive Volcanic glass - 3
gray (5Y 3/1) claystone Glauconite 2 1

Pyntc 1

Radiolarians
Sponge spicules 1 -
Palagonite - 1



SITE 438 HOLE B CORE 23 CORED INTERVAL: 1032.8-1039.2 r
FOSSIL

CHARACTER

GRAPHIC
LITHOLOGY

LITHOLOGIC DESCRIPTION

of dark elongate heavy mineral

Laminated sand with 20" dip

dip angle

horizontal attitude

Olive gray to dark olive gray (5Y 4/1-3/1)

Dark olive gray (5Y 3/1) clayey siltstone with

Dark olive gray (5Y 3/1) c

SITE 438 HOLE B CORE 24 CORED INTERVAL: 1039.2-1040.7 m
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Pyritic blebs

by drilling
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LITHOLOGIC DESCRIPTION

Olive gray {5Y 4/2) diatomaceous claystone, moderately mottled throughout.

Mottle 1 cm in diameter, olive (5Y4/3).

Black (5YR 5/2) mottle

SMEAR SLIDE SUMMARY
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Sand 10
Silt 20
Clay 70
Quartz 3
Feldspar 1
Clay minerals 58
Volcanic glass 10
Diatoms 25
Sponge spicules 3
Palagonite TR
Silicoflagellates TR

SITE 439 HOLE
FOSSIL

CHARACTER

CORED INTERVAL: 555.0 563.5 m

GRAPHIC
LITHOLOGY

LITHOLOGIC DESCRIPTION

Black 3 mm rounded pebbles probably from higher in hole.

Medium gray (5Y 5/1) vitric diatomaceous claystone, moderat

Light olive gray (5Y 6/2) 2 cm mottle.

SMEAR SLIDE SUMMARY
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Clay minerals

Glauconite

Sponge spiculei
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LITHOLOGIC DESCRIPTION

SITE 439 HOLE CORE 4 CORED INTERVAL: 745.0-753.5 m

LITHOLOGIC DESCRIPTION

Grayish black (N2) sand (ash?) layer, with
disseminated sand above and below.
Dewatering veins displaced along a fracture.

Large burrow-mottles which defle
and dewatering veins.

shearing of veins.
10Y4/2
Woody fragment

sigmoidal shears.
Intensely fractured, bla
veins; mottles sheared.

SMEAR SLIDE SUMMARY
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SITE 439 HOLE CORE 5 CORED INTERVAL: 849.5-859.0m SITE 439 HOLE CORED INTERVAL: 868.5-878.0 m

LITHOLOGIC DESCRIPTION

Grayish o
burrowed
Zone cem
(5Y 6/2-1
fractures
Sandy asr

live gree

ented in
0Y 6/2)
filled by
i-filled FT

n (5GY 3/2)

to loc
limes
calcit

lottle

ally py
tone, c
e. Shea
at 75 c

claystone

ritic light
ut by sev(
ired brecc
m.

olive gray to
*ra! generatioi
ia zone at 85

ottled and

pale olive
is of
cm.

underlain by very fine-grained slightly
graded poorly sorted
Burrows displaced 2 cm along a fracture.
Dip to bedding 10π (equal to hole deviation).
Sheared grayish black seams; calcite-cemented bi

TOTAL C - ORGANIC C - CARBONATE (%)
1,34 cm (8.6.0.3,69)
2, 20 cm (0.7, 0.7, 0)

SMEAR SLIDE SUMMARY

Sponge s
Carbonat
Palagoπit

J δ
1-25 1-101

SITE 439 HOLE CORED INTERVAL: 859.0-868.5 r
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Dark gray (N3-4) dense silica-cemented
sandstone, 2 cm thick (possibly out of
place).

LITHOLOGIC DESCRIPTION

Pumice fragments, 3 mm
in diameter, underlain by
offset and braided veins.

Olive gray (5Y 4/2)

3 third, moderately mottled below that. Light
IV 5 mm silt-sized tuff layer at 13 cm; grayish
ick (N2) pocket at 56 cm.

a dip 26°; hole deviation - 8
: stained fractures. 3 mm wi
; other more widely spaced

TOTAL C - ORGANIC C - CARBONATE (%)
2, 80 cm (0.5, 0.5, 0)
4, 55 cm (0.6, 0.6 0)

CARBONATE BOMB
3.4446 cm = 1-2%

SMEAR SLIDE SUMMARY

i
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1-77
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1124 2-138

c
3

1o
4-33

Pyrite

Sponge spicule



SITE 439 HOLE CORED INTERVAL: 878.0-887.5 I
FOSSIL

CHARACTER

GRAPHIC
LITHOLOGY

•

LITHOLOGtC DESCRIPTION

Medium sand bodie

Silty bed
Calcite-cemented burr
5Y3/2

Tuff overlain by silt

1 cm silty tuff

Light gray (N7) tuff

5Y3/1

tuff body

TOTAL C - ORGANIC C - CARBONET (%)
2, 1 cm (0.6, 0.6 0)
4, 54 cm (0.7. 0.6. 1)

SMEAR SLIDE SUMMARY

Pyrite

Radiolarians
Sponge sptcule
Carbonate
Palagonite

1-46 1-55 3-55 5-122
30 20 20 15

45 79 78 76
15 5 5 3
2 - - -

TR TR -
- - 2 1
20 -

TR

SITE 439 H O L E CORED INTERVAL: 887.5-897.0 r

LITHOLOGIC DESCRIPTION

Black graywacke pebble, probably from uphole

Sand-sized pumice fragments.

Olive gray {5Y 4/2) claystone, moderately ttled and burrowed.

Large ovoid bur

Calcite•cemente.

Olive (5Y 6/3) r

Sandy pocket

rows

:bbles

vs

e,dip15

Dark gray (5Y 4/1) tuff it

Dark greenish gray (5G 4/1) burrowed sandy body. Light bluish gray
(5B 7/1) burrowed tuff. Medium bluish gray (58 5/1) 3 cm tuff.

TOTAL C - ORGANIC C - CARBONATE!"/.)
1,43 cm (0.7, 0.6, 0)
4, 98 cm (0.6, 0.6, 0)

SMEAR SLIDE SUMMARY

Medium bluish yr;
(58 5/11 slightly
graded tuff

1-70 2-46 3-108 5-73

TR TR

- TR -



SITE 439 HOLE CORED INTERVAL: 897.0-906.5 r SITE 439 HOLE CORED INTERVAL: 906.5-915.5 r

FOSSIL

CHARACTER

:¥±=±=«:

GRAPHIC

LITHOLOGY

=HBS

LITHOLOGIC DESCRIPTION

White pumice fragments

Dewatering veins

TOTAL C - ORGANIC C - CARBONATE (%l
1.52 cm (0.7, 0.7, 0)
3, 57 cm (0.8, 0.8, 0)

SMEAR SLIDE SUMMARY

Clay i
Volca
Pyπtc

1-43 3-83 4-72

FOSSIL

CHARACTER

GRAPHIC

LITHOLOGY
LITHOLOGIC DESCRIPTION

Greenish black (5GY 2/1) claystone with dispersed pumice and pyrite grai

Greenish black (5GY 2/1) tuffite, intensely burrowed at base, and with purr
dasts increasing to 2 mm at base.

Pumice fragment, 1 (

Medium bluish gray (5B 5/1) tuff

Medium light gray (5Y 6/1

SMEAR SLIDE SUMMARY

1-101 2 6β 3-71 4-36
5 15 20 10

30 60 20

TR



SITE 439 HOLE CORE 12 CORED INTERVAL: 916.0-925.5 m

FOSSIL
CHARACTER

GRAPHIC
LITHOLOGY

LITHOLOGIC DESCRIPTION

Dark greenish gray (5G 4/1) limestone.

Dark gray (N3) clayey siltstone, becoming gradua!

- CARBONATE 1%)

SITE 439 HOLE CORED INTERVAL: 932.0-935.0 m

SITE 439 HOLE CORE 13 CORED INTERVAL: 925.5-932.0 r

LITHOLOGIC DESCRIPTION

- CARBONATE (%l

SMEAR SLIDE SUMMARY

Tuff
Large burrow (1 cm

Dark greenish gray (5G 4/1) 1-65 2-48 2-135
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LITHOLOGIC DESCRIPTION

rk greenish gray (5G 4/1)
rk greenish gray (5G 4/1)

rk greenish gray I5G4/1)
y at top, cross laminated.

rk greenish gray (5G4/1)

linated graded
y fine sand

Concretionary limestone
Greenish black (5G2/1I

Fa
wi

nit dipping 45

laystone.

ne sandy tuffite.

Itstone.

TOTAL C - ORGANIC C -
1, 89 cm (0.9, 0.8, 0)
2, 116 cm (0.9,0.8,0)

CARBONATE BOMB
3, 97-98 c m - 0 - 1 %

SMEAR SLIDE SUMMARY

Sand
Silt
Clay
Quartz
Feldspar
Mica
Heavy minerals
Clay minerals
Volcanic glass

Pyrite
Palagonite

SS

CARBONATE (%)

_
60
40

3
6

29
60

?

-

so
40
10
24
15

2
8

50

J

i

10
50
40
50
1ES

1
2

20
9

2
1

SITE 439 HOLE CORE 15 CORED INTERVAL: 935.0-944.51

FOSSIL
CHARACTER

GRAPHIC
LITHOLOGY

LITHOLOGIC DESCRIPTION

Section of gastropoda (tl
shell) and pelecypods

Laminated sequences, slightl
graded from sand to silt,
sharp contact at base
Coarse-grained sand

Silty claystone

(between turbidites)
Graded thin laminated bed

Normal fault (1 cm offset)
Sandy siltstone (30% of

Thick graded sequenc

Pelecypod fragments

thin, fine-grained

SMEAR SLIDE SUMMARY

S~i ~i i

II Ifi
1-50 2-75 4-52
28 18 46
30 20 25
42 62 30

30 34 25



SITE 439 HOLE CORE 16 CORED INTERVAL: 944.5-954.01 SITE 439 HOLE CORE 18 CORED INTERVAL: 963.5-973.0

FOSSIL

CHARACTER

I Z

s 3

GRAPHIC

LITHOLOGY

zjr-TL^rsrj~JT-TL.

LITHOLOGIC DESCRIPTION

sand gr<

:lay bro

Siltyc

Grariei

SMEAR SLIDE SUMMARY

t i
1-113 2-55 2-69

Sponge spicule

Carb. imspec.

CORE 17 CORED INTERVAL: 954.0-963.5 r

FOSSIL

CHARACTER

M
E
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O

C
N

IT GRAPHIC

LITHOLOGY
LITHOLOGIC DESCRIPTION

Sandy, silty claystone
(about 20% of quartz
is micro-crystalline)

ark olive gray (5Y 3/1) silty claystone
ith blue gray silty mottles. Highly fractured
roughout (badly disturbed in drilling).

SMEAR SLIDE SUMMARY

Sponge spicule
Palagonite
Carb. unspec.
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LITHOLOGIC DESCRIPTION

ding upward

silty claystone
silty sandstone

ined clayey

3 clayey siltstone

‰ claystone

Dark olive green (5Y 3/1) tu
sequences.

TOTAL C - ORGANIC C -
1,20 cm (0.7,0.7,0)

CARBONATE BOMB
1,53-55 cm = 5%

SMEAR SLIDE SUMMARY

Sand
Silt
Clay
Quartz
Feldspar
Heavy minerals
Clay minerals
Volcanic glass
Glauconite
Palagonite
Carb. unspec.

ID
)

SS

cl
ay

s
V

it
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1-41
20
20
60
25
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1
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1
1
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rbiditic

CARBONATE (%)
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55
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4
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2

15
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SITE 439 HOLE CORE 20 CORED INTERVAL: 982.5-992.0 m SITE 439 HOLE

LITHOIOGIC DESCRIPTION

Clayey silty sandston
Sharp, scoured basal c

Sandy layer; no grading

bed offset by fault
Clayey siltstone

re gray to dark olive gray (5Y 4/1-3/11
/ claystone and clayey siltstone with
ded sequences.

SMEAR SLIDE SUMMARY

Feldspai
Heavy n
Clay mil

Sponge spicule
Palagonite
Carb. unspec.

CORE 21 CORED INTERVAL: 992.0-1001.5 r

FOSSIL

CHARACTER

GRAPHIC

LITHOLOGY
LITHOLOGIC DESCRIPTION

faulted (0.5 cm offset) s
grading to clayey siltsto
Sandy clayey siltstone
Fractured silty clayston

planes; abundant silty st

laminae over dowπdropped
black within sand unit. Small
load-cast on left side.)
Clay mottles

SMEAR SLIDE SUMMARY

B I S



SITE 439 HOLE CORE 22 CORED INTERVAL: 1001.5-1011.0m

O _

FOSSIL

CHARACTER

GRAPHIC

LITHOLOGY

m

LITHOLOGIC DESCRIPTION

Dark olive gray (5Y 3/1)

clayey siltstone

Pronounced change

Medium gray (N5) coarse-

Pelecypod fragment

pelecypods, some

Abundant

throughout

Clayey sandst

Dark olive gray (5Y 3/1) clayey siltstone
(Section 11 and medium gray (N5I coarse-
grained siltstone to fine-grained sandstone,
massive and homogeneous. Abundant

SMEAR SLIDE SUMMARY

Carb. unspec.
Lithic fragments
Palagonite

i_82 2-93 5-138

45 40 50
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LITHOLOGIC DESCRIPTION

Pelecypod
G a s t r o p o d Olive gray (5Y 4/1) medium-grained

bearing (gastropods, pelecypods,
scaphopods). No bedding structures.

so!ra|PαastroDθd '(turritella?) TOTAL C - ORGANIC C - CARBONATE (%)
1,104 cm (0.7, 0.7, 0)

Silty clayey sandstone
occasional laminations CARBONATE BOMB
suggest a 35" dip. 3, 7-10 cm = 4%

SMEAR SLIDE SUMMARY

Pelecypod fragment

Articulated pelecypod ?"

•S s

Mollusc fragments & !

1-118
Sand 45
Silt 25

Gastropod α a y 3Q

Quartz 30
Articulated pelecypods Feldspar 10
with dark gray (N3) Clay minerals 16
filling of calcareous silt Glauconite 1

Carb. unspec. 2
Lithic fragments 35

Silty sand (drilling breccia) Palagonite 6



CORE 24 CORED INTERVAL: 1020.5-1030.01

FOSSIL

CHARACTER

SITE 439 HOLE

-~-z-z;

: ~-•£r-

GRAPHIC

LITHOLOGY

cl:

LITHOLOGIC DESCRIPTION

Wood chips

Articulated p

Wood
accum

Inside
s. tsto
outsid

Pyrite
Mollm
Wui>d

chip

shell: cal
le. siltstc
e shell

;c fragme
chip

Pelecypods she

TOTAL C - O R G A N I C C-CARBONATE (%>
2,95 cm (0.8.0.7, 1)
4, 35 cm (0.6, 0.6, 0)
5, 89 cm (0.7, 0.6, 11

SMEAR SLIDE SUMMARY

Feldspar
Heavy mi
Clay mini

Carb. uπspec.

Palagonite

§ S . 1 5

i i I js S
1-95 1-103 4-69 4-73

CORE 25 CORED INTERVAL: 1030.0-1039.5 m

FOSSIL
CHARACTER

GRAPHIC

LITHOLOGY
LITHOLOGIC DESCRIPTION

Pyrite

Woodc

Pelecypod shell

Wood chips

Pyrite and wood chips

No Core-Catcher

TOTAL C - ORGANIC C - CARBONATE (%)
1,83 cm (0.9,0.6,3)
3, 140 cm (0.6,0.5, 1)
5,93 cm (0.8,0.6. 1)

SMEAR SLIDE SUMMARY _

I 38 9

3-74 3-76 5-83

Tworninor frac
with offset of a
gray!

Costu!
Pyrite

Wood

N5I pebbl
eousclaye

lated gastr

chips

tures
medium
e of
»y siltstone

opod

Feldspar
Heavy mini
Clay miner
Volcanic gl

Pyrite
Zeolite mil
Lithic fragi
Carb. unsp

39 50 37
25 20 30

25 30 35

- - TR

TR



SITE 439 HOLE CORED INTERVAL:

FOSSIL

CHARACTER

O _

I z
•z

S2

GRAPHIC

LITHOLOGY
LITHOLOGIC DESCRIPTION

Gastropod shel

Wood chips

gastropod shell

dark gray (N3)
and gray gravel

Olive gray (5Y 4/11 to very dark gray (N3)
clayey siitstone with molluscan shell and
fragments. Sand at bottom of core. Wood
chips throughout.

TOTAL C - ORGANIC C - CARBONATE I
1,48 cm (0.6,0.4, 1)
4.96 cm (0.7,0.6, 1)
6,1 cm (0.7,0.6, 1)

SMEAR SLIDE SUMMARY

20 25 25
40 45 35

TR TR -

SITE 439 HOLE CORE 27 CORED INTERVAL: 1Q49.0-1058.5r

FOSSIL

CHARACTER

GRAPHIC

LITHOLOGY
LITHOLOGIC DESCRIPTION

2.5Y4/0

Small

Medium dark gray friable fine-grained sandstone
intercalated by coarser- and finer-grained beds
throughout core.

SMEAR SLIDE SUMMARY

Woody ma

2.5Y 4/0

i §
IIat
1-100

93
5

•

-c £

Jl

Φ

^ O

l l
2-56 2-133
15
70
15
50
20

20
75

5
60
30

Medium dark gray
(2.5Y 4/01 fine-grained
sandstone



SITE 439 HOLE CORED INTERVAL: 1058.5-1068.0 r SITE 439 HOLE

LITHOLOGIC DESCRIPTION

SMEAR SLIDE SUMMARY
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LITHOLOGIC DESCRIPTION

Shell fragment
Medium dark gray (N4) friable silty fine

SMEAR SLIDE SUMMARY

5 5

e••s i \
N4 a I S

1-55 2-91
Sand 50 50
Silt 30 30
Clay 20 20
Quartz 30 30
Feldspar 15 15
Heavy minerals 1 2
Clay minerals 15 15
Volcanic glass TR 3

Medium dark gray (N4) Glauconite TR TR
friable fine sandstone Pyrite 3

Foraminifers TR
Carb. unspec. 5
Rock fragments 31 35
Woody tissue TR

CORE 30 CORED INTERVAL: 1077.5-1087.0 m

LITHOLOGIC DESCRIPTION

Medium dark gray (N4)
calcareous silty sandstoni
moderately friable.

friable.

Medium dark gray (N4I

moderately friable.

TOTAL C - ORGANIC C - CARBONATE (%)
1, 111 cm (1.7,0.7,91
4.48 cm (1.2,0.4, 7)

SMEAR SLIDE SUMMARY

Radiolariar
Carb. unsp<
Rock fragrr

by \
fine
whi
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ch might b
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SITE 439 HOLE CORE 31 CORED INTERVAL: 1087.01096.5 m

FOSSIL

CHARACTER

cç

GRAPHIC

LITHOLOGY
LITHOLOGIC DESCRIPTION

Small shell (pelecypod)
Rounded pebble 2 cm x 1
(possible mesozoic chert)
Rounded pebble 1 cm dian

Medium dark gray to dark gray (N4-N3)
calcite•cemented sandstone, homogeneou
and sandy claystone.

Medium dark gray (N4) calcite-cemented friable
coarse sandstone, graded in whole of Section 2.

TOTAL C - ORGANIC C - CARBONATE (%l
1,88 cm (1.0, 0.3, 6)
4,41 cm (1.8,0.3. 121

SMEAR SLIDE SUMMARY

2-45 4-101
35 20
20 40
45 40

Dark gray (N3I indurated sandstone

SITE

M
E

-R
O

C
K

U
N

IT

-

439

lO
S

T
R

A
T

Z
O

N
E

HOLE

FOSSIL

CHARACTER

R
A

M
S

O

B

S
O

N
N

<

z

B

o
<

B

.T
O

M
S

<i
Q

CORE

S
E

C
T

IO
N

1

2

CC

M
E

T
E

R
S

-

-

0.5-

1.0-

;

-

-

32 CORED INTERVAL:
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LITHOLOGY
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LITHOLOGIC DESCRIPTION

Olive gray (5Y 3/2) calcite-cemented
moderately friable sandstone

Greenish gray I5G 6/1) angular aphanitic material

Calcite cemented fault with 3 mm wide

Medium bluish gray (5B 5/1) angular

Thin section granule matrix. Grayish black (N2) mudstone,
Thin section Dacite shale, chert, angular pebbles of dacite, talc.

58 5/1 boulder ™h×ar^tTtf!a™c>we°f t ^ in ' 'ce'™""*" M°"'

TOTAL C - ORGANIC C - CARBONATE (%)
1, 114 cm (2.1,0.3, 15)

THIN SECTION SUMMARY

Numerous fragments of 2 • 4 5 - 5 0 2 • 5 6 " 5 7

dacite and others both Phenocrysts: pebble pebble
aphanitic-and phenocryst• Plagioclase 8 5
r j c h Clinopyroxene TR

Biotite TR
Hornblende 5
K-feldspar 1 2
Mafic 2
Groundmass:
Plagioclase 45 40
Magnetite 4 4
Quartz 7 12
Alkali feldspar 25 30
Alteration:
Chalcedony 3 (Gr. mass)
Chlorite 5 2 (Phenol

DACITE DACITE
Texture Hyaloophitic Intersertial

-Intersertial
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1106.0-1115.5 m

LITHOLOGIC DESCRIPTION

Drilling breccia

Medium bluish gray (5B 5/1) rather fine-grained dacite

Grayish black (N2) fine-grained shale gravel, medium bluish gray (5B 5/1)
siltstone gravel and chert pebble (20 mm).

Dark greenish gray to greenish black (5GY 4/1-5GY 2/1) dacite boulder.
moderately altered, phenocrysts up to 5 mm.

Dark greenish gray to greenish black (5GY 4/1-5GY 2/1) dacite gravels,
siltstone, rounded gravels.

THIN SECTION SUMMARY
Section/Sample

CONSTITUENT 1, 95-96 boulder

Phenocrysts Súartz'1"* TR
and micro- M a f j c 8

phenocrysts K-feldspar 1
Plagioclase 30
Magnetite 6

Ground- Glass 10
m a s ! Quartz 11

Alkali feldspar 18
Alteration clay 18

DACITE
Texture: Intersertial



SITE 439 HOLE CORED INTERVAL: 1115.5-1125.0 m SITE 439 HOLE CORE 35 CORED INTERVAL: 1125.0-1134.5 r

LITHOLOGIC DESCRIPTION

Dark greenish gray (BG 3/11 subangular volcanic aphanitic clast.
Grayish black to medium dark gray (N2-N4) breccia of coarse-grai

of mudstone, and fine-grained volcanic rocks.
Gravels of angular to subangular fragments with maximum, 2.0 en
diameter, all aphanitic. Mudstones are altered volcanics, with greei
clay matrix.

I 65 c

Siltstone to coarse-grained sandstone granules

Reverse graded but finer again at top

Dusky green (5G 3/2-10GY 3/2) homogeneous dacite boulder,

Angular to subangular dacite pebbles with mudstone and dacit<

SMEAR SLIDE SUMMARY

?!
JS

1-31 1-41 1-103

42 56 50

LITHOLOGIC DESCRIPTION

Medium light t
(5B6/1) pebbl
dark gray (N4)
suggesting a fit

indurated gree
with at least 2'

Dark bluish gr.
clasts and lilac
clast up to 5 0

Greenish black
of subrounded
(136-1 50 cm),

nish gray (
3 tin diam

5G 6/1 Ida
Bter (52-78

iy (5B6/1) porphyril
MN1-N2)
Ti (80-135

(5G2/1)
to suhanq

silicifiedrr
cm).

porphyriti.
ularwith 1

THIN SECTION SUMMARY

Constituent
Phenocrysts:
Plagioclase
Hornblende
Mafic
Grouπdmass:
Plagioclase
Glass
Quartz
Alkali feldspar

1,73-74
boulder

14
TR

7

5;:
10

9
J



SITE 439 HOLE CORE 36 CORED INTERVAL: 1134.5-1144.0 m

LITHOLOGIC DESCRIPTION

Greenish black (5G 2/1) dacite boulders up to
20 cm thick, are commonly observed througho

Medium grained sandstone clast (110-115 cml
greenish gray (5G 7/1) tuff pebble with 3x5 err
(120-130 cm).

THIN SECTION SUMMARY

Phenocrysts:

Greenish black (5G2/1)
porphyritic clast and
broken•up bed or crust
of brown black (BYR2/1)

of quartz, silt and fine-grain

Texture: Intersertial-Hyalophit

SMEAR SLIDE SUMMARY

if fi

Volcanic glass

Rock fragments

SITE 439 HOLE CORE 37 CORED INTERVAL: 1144.0-1148.0 m

SITE 439 HOLE CORE 38 CORED INTERVAL: 1148.0-1153.5 m

LITHOLOGIC DESCRIPTION

Dark gray (N3) well indurated shale (claystone and claye>
with medium dark gray (N4) calcareous very fine-grained
intercalations, which are disrupted and contorted on uppi

SMEAR SLIDE SUMMARY

dark gray (N3) clayey silt!
and medium dark gray (N•

1-114 1-139

SITE 439 H O L E CORE 39 CORED INTERVAL: 1153.5-1157.5 r
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L
E LITHOLOGIC DESCRIPTION

Grayish black (N2) fine-grained clayey siltstone with thick calcite

have shiny grooved surfaces (0-70 cm],

Olive gray (5Y 4/11 clay moderately indurated, but plastic when wet.
Sandstone with small angular to subrounded granules set in and some
larger clast of white calcite veined calcareous mudstone (70-136 cm).

A few 1 cm chips of grayish black (N2) silt-sized graywacke, very well
indurated.
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97

LITHOLOGIC DESCRIPTION

Dark gray (N3) shale (clayey siltstone) some slickensides and
observed on ships, some others show fine beds of limey silt as
in Core 38.

CARBONATE BOMB
1,97-99 cm = 8%

SMEAR SLIDE SUMMARY

Drilling breccia of
dark gray (N3I Q
shale -

»IS2

1-82
Sand 5
Silt 50
Clay 45
Quartz 35
Feldspar 3
Heavy minerals 2
Clay minerals 25
Volcanic glass 3
Rock fragments 32



SITES 438 AND 439

Site 438
r—0 cm

- 2 5

- 5 0

- 7 5

—100

— 125

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

126



SITES 438 AND 439

Site 438
r—0 cm

•25

h-50

h-75

h-100

-125

1—150

>
er.
LU
>
o
ü

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

127



SITES 438 AND 439

128



SITES 438 AND 439

Site 438

r—0 cm

- 2 5

— 50

—75

—100

—125

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

129



SITES 438 AND 439

Site 438
r -0 cm i

- 2 5

- 5 0

- 7 5

-100

—125

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

130



SITES 438 AND 439

Site 438

r -0 cm i

- 2 5

— 50

- 7 5

—100

1—150
11-4 11-5 11-6 11,CC 12-1 12-2 12-3 12-4 12-5

12,CC

131



SITES 438 AND 439

Hole 438A
r—0 cm

- 2 5

— 50

•75

—100

— 125

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

132



SITES 438 AND 439

Hole 438A
r—0 cm i

- 2 5

- 5 0

—75

—100

— 125

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

133



SITES 438 AND 439

Hole 438A
r-0 cm i

- 2 5

— 50

—75

—100

— 125

1—150 — ' • — — — — • ^ • * nil . ,.. wm&m.zmmmmn * ,, n—,j ‰, ,— , j - r j • • • • ^ • n • • • • i f n • • • • • »

4-6 4,CC 5-1 5-2 5-3 5-4 5-5 5,CC 6-1 6-2 6-3 6-4

134



SITES 438 AND 439

Hole 438A
p—0 cm

— 25

> f

— 50

— 75

—100

•125

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

7.CC
8-2 8-3 8-4 8-5

135



SITES 438 AND 439

Hole 438A
r—0 cm

h-25

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

8-6 8-7 8,CC 9-1

136



SITES 438 AND 439

Hole 438A
r -0 cm i

- 2 5

- 5 0

— 75

—100

— 125

1—150
11-3 11-4 11-5 11-6 11,CC 12-1 12-2

12,CC
13-1 13-2 13-3 13-4 13-5

13,CC

137



SITES 438 AND 439

Hole 438A
r -0 cm

- 2 5

- 5 0

— 75

—100

— 125

•-—150
14-1 14-2 14-3 14-4 14-5 14-6

14,CC
15-1

15,CC
16-1 16-2 16-3 16-4 16-5

138



Hole 438A
r-0 cm i

- 2 5

— 50

—75

SITES 438 AND 439

—100

— 125

1—150
17-1 17-2 17-3 18-1

17,CC
18-2 18-3 18-4 19-1

18,CC
19-2 19-3 19-4 19-5

139



SITES 438 AND 439

Hole 438A
r -0 cm

- 2 5

- 5 0

- 7 5

—100

— 125

1—150
19-6 19-7 19,CC 20-1 20-2 20-3 20-4 20-5 20,CC 21-1 21-2 21-3

140



SITES 438 AND 439

Hole 438A
r—0 cm i

- 2 5

— 50

— 75

—100

— 125

1—150
21-4 21-5 21-6 21-7 21,CC 22-1 22-2 22-3 22,CC 23-1 23-2 23,CC

141



SITES 438 AND 439

Hole 438A
—0 cm i

— 25

— 50

—75

—100

— 125

—150
24-1 24-2 24-3 24-4 24-5 24-6 24,CC 25-1 25-2 25-3 25-4 25-5

142



SITES 438 AND 439

Hole 438A
r—0 cm

- 2 5

- 5 0

—75

—100

— 125

•― 150
25-6 25-7 25,CC 26-1 26-2 26-3 26-4 26-5

143



SITES 438 AND 439

Hole 438A
r—0 cm

- 2 5

— 50

—75

—100

•125

1—150

144

26-6 26-7 26,CC 27-1 27-2 27-3 27-4 27-5 27-6 27-7 28-1 28-2
27,CC



SITES 438 AND 439

Hole 438A
r— 0 cm

- 2 5

— 50

—75

—100

— 125

—150
28-3 28-4 28-5 28-6 28-7 29-1 29-2 29-3 29-4 29-5 29-6 29-7

29,CC

145



SITES 438 AND 439

Hole 438A
r—0 cm

— 25

- 5 0

- 7 5

—100

— 125

*—150
30-1 30-2 30-3 30-4 30-5 30-6 30-7

30,CC
31-1 31-2 31-3 31-4 31-5

146



SITES 438 AND 439

Hole 438A
r—0 cm

f-25

h-50

1-75

h-100

I—125

31-6 31,CC 32-1 32-2 32-3 32-4 32,CC 33-1 33-2 33-3 33-4 33-5

147



SITES 438 AND 439

Hole 438A

r -0 cm

- 2 5

- 5 0

—75

•100

— 125

•--150
33-6 33-7 34-1

33,CC
34-2 34-3 34-4 34-5 34-6 34-7 35-1

34,CC
35-2 35-3

148



SITES 438 AND 439

Hole 438A
r—0 cm

- 2 5

- 5 0

—75

—100

— 125

*—150
35-4 35-5 35-6 35-7

35,CC
36-1 36-2 36-3 36-4 36-5 36-6 36-7 37-1

36,CC

149



SITES 438 AND 439

Hole 438A
r-0 cm

H25

h-50

H-75

h-100

H125

1—150
37-2 37-3 37-4 38-1

37,CC
38-2 38-3 38-4 38-5 38-6 38-7 38,CC 39-1

150



SITES 438 AND 439

Hole 438A
r—0 cm

- 2 5

— 50 . ^

- 7 5

—100

—125

'—150

-
J

39-2 39-3 39-4 39-5 39-6 39-7 40-1 40-2 40-3 40-4 40-5 40-6
39,CC

151



SITES 438 AND 439

Hole 438A
r—0 cm

- 2 5

— 50

- 7 5

—100

— 125

1—150
40-7 40,CC 41-1 41-2 41-3 41-4 41-5 41-6 41,CC 42-1 42-2 42-3

152



SITES 438 AND 439

Hole 438A
r -0 cm i

- 2 5

- 5 0

—75

-100

— 125

1—150
42-4 42-5 42-S 42-7 42,CC 43-1 43-2 43-3 43-4 43-5 43-6 43,CC

153



SITES 438 AND 439

Hole 438A
—0 cm i

— 25

— 50

—75

—100

— 125

—150

I

44-1 44-2 44-3 44-4 44-5 44-6 44-7 44,CC 45-1 45-2 45-3 45-4

154



SITES 438 AND 439

Hole 438A
r—0 cm i

- 2 5

— 50

- 7 5

—100

— 125

1—150
45-5 45-6 45-7 45,CC 46-1 46-2 46-3 46-4 46-5 46-6 46-7 46,CC

155



SITES 438 \ND439

Hole 438A
r—0 cm

— 25

— 50

—75

—100

—125

—150
47-1 47-2 47-3 47-4 47-5 47-6 47-7 47,CC 48-1 48-2 48-3 48-4

156



SITES 438 AND 439

Hole 438A
r—Oc

- 2 5

— 50

—75

—100

— 125

1—150

I B i t i

48-5 48-6 48-7 48,CC 49-1 49-2 49-3 49-4 49-5 49-6 49-7 50-1
49.CC

157



SITES 438 AND 439

Hole 438A
r—0 cm

- 5 0

- 2 5

- 7 5

—100

— 125

1—150

158

50-2 50-3 50-4 50-5 50-6 50-7 51
50,CC

-1 51-2 51-3 51-4 51-5 51-6



SITES 438 AND 439

Hole 438A
t—O cm

- 2 5

- 5 0

- 7 5

—100

—125

•—150
51-7 52-1

51, CC
52-2 52-3 52-4 52-5 52-6 52-7 53-1 53-2 53,CC 54-1

52,CC

159



SITES 438 AND 439

Hole 438A
r—0 cm

- 2 5

— 50

—75

—100

—125

•—-150

? :

54-2 54-3 54-4 54,CC 55-1 55-2 55-3 55-4 55-5 55-6 55,CC 56-1

160



SITES 438 AND 439

Hole 438A

•0 cm

57-2 57-3 57-4 57,CC 58-1

161



SITES 438 AND 439

Hole 438A
r—0 cm i

- 2 5

— 50

—75

—100

— 125

1—150

'.rüff.

58-2 59-1
58,CC

59-2 59-3 59-4 59-5 60-1
59,CC

60-2 60-3 60,CC 61,CC 62-1

162



SITES 438 AND 439

Hole 438A
f—O cm

- 2 5

— 50

— 75

•100

— 125

•—150

si•'.

r •

62,CC 63-1 63,CC 64-1 64-2 64-3 64-4 64-5 64-6 64-7 64,CC 65-1

163



SITES 438 AND 439

Hole 438A
r—0 cm i

- 2 5

— 50

—75

—100

—125

^-150

f * .

65-2 65-3 65-4 65-5 65-6 65-7 65,CC 66-1 66-2 66,CC 67-1 67,CC

164



SITES 438 AND 439

Hole 438A
t—O cm

- 2 5

— 50

— 75

—100

—125

1—150 •
68-1 68-2 68-3 68-4 68-5 68-6 68-7 68,CC 69,CC 70-1 70-2 70-3

165



SITES 438 AND 439

Hole 438A
r -0 cm

- 2 5

— 50

—75

— 100

—125

1—150

166

70-4 70-5 70-6 70-7 71-1
70,CC

71-2 71-3 71-4 71-5 71-6 71,CC 72-1



SITES 438 AND 439

Hole 438A
r-0 cm

H25

1—50

1—150
72-2 72-3 72-4 72-5 73-1 73-2 73-3 73-4 73-5 73-6 73-7 74-1

73,CC

167



SITES 438 AND 439

Hole 438A
r—0 cm

- 2 5

— 50

- 7 5

—100

—125

1—150
74,CC 75-1

1

75-2
75,CC

76-1 76-2
76,CC

77-1 11,CC 78-1 78-2 78-3 78-4 78-5
78,CC

168



SITES 438 AND 439

Hole 438A
r—0 cm

— 25

— 50

— 75

—100

—125

—150
79-1 79-2 79-3 79-4 79-5 79-6 79-7 80-1

79,CC
80-2 80-3 80-4 80,CC

169



SITES 438 AND 439

Hole 438A

170



SITES 438 AND 439

Hole 438A
r-0 cm

h-25

i

h-50

™

f-75

I—100

I—125

-150
84-6 85-1 85-2 85-3 85-4 85,CC 86,CC

84,CC

171



SITES 438 AND 439

Hole 438B

ρ-0 cm

— 25

— 50

— 75

—100

— 125

—150
1-1 1-2 1-3 1-4

1,CC
2-1 2-2 2-3 2-4 2-5

2,CC
3-2 3-3

172



SITES 438 AND 439

Hole 438B

r—0 cm

- 2 5

— 50

—75

—100

— 125

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

173



SITES 438 AND 439

Hole 438B
0 cm

6-3 6,CC
9-2 9-3 10-1

9,CC 10,CC

174



SITES 438 AND 439

Hole 438B
r-0 cm

— 25

— 50

— 75

—100

— 125

—150

1

11-1 11-2 12-1
11,CC

12-2 12-3 12-4 12-5 13-1 13-2 13-3 14,CC 15-1
13,CC



SITES 438 AND 439

Hole438B
r -0 cm i

— 25

— 50

—75

— 100

—125

—150
16-1

16,CC
17-1 17-2 17-3

17,CC
18-1 18-2 18-3 18-4 18-5 18,CC 19-1

176



SITES 438 AND 439

Hole 438B
r—0 cm i

- 2 5

— 50

—75

—100

— 125

•-—150

:

f

19-2 19-3 19-4 19-5 19-6 19-7 19,CC 20-1 20-2 20-3 20-4

177



SITES 438 AND 439

Hole 438B
r—0 cm

- 2 5

- 5 0

- 7 5

—100

— 125

»—150
20-6 20,CC 21-1 21-2 21-3 21-4 21,CC 22-1 22-2 22,CC 23-1 23-2

178



SITES 438 AND 439

Hole 438B
r—0 cm i

h-25

H 50

h-75

1—100

h-125

L-150
23-3 23,CC 24,CC

179



SITES 438 AND 439

Site 439

t—O cm

- 2 5

—125

1—150
4-2 4-3 4-4 5-1 5-2

—100

1-1 1,CC 2-1 5,CC

180



SITES 438 AND 439

Site 439
i—O err

- 2 5

— 50

- 7 5

•100

— 125

L-150
6,CC 7-1 7-2 7-3 7-4 7fCC 8-1 8-2 8-3 8-4 8-5 8-6

181



SITES 438 AND 439

Site 439

r—0 cm

— 25

— 50

— 75

— 125

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

182



SITES 438 AND 439

Site 439
r—0 cm

- 2 5

— 50

— 75

—100

— 125

l—150
11-2 11-3 11-4 11,CC 12-1 12-2 12,CC 13-1 13-2 13-3 13,CC 14-1



SITES 438 AND 439

Site 439
r— 0 cm

- 2 5

- 5 0

—100

— 125

—150
14-2 14-3 14fCC 15-1 15-2 15-3 15-4

15,CC
16-1 16-2 16-3 16,CC 17-1

184



SITES 438 AND 439

17-2 17-3 18-1
17,CC

18-2 18-3 19-1 20-1 20-2 20-3 21-1 21-2 21-3
18,CC 19,CC 20,CC

185



SITES 438 AND 439

Site 439
r—0 cm

- 2 5

- 5 0

—75

•100
h

—125

•—150
21-4
21,CC

22-1 22-2 22-3 22-4 22-5 22-6 23-1 23-2 23-3 23,CC 24-1

186



SITES 438 AND 439

Site 439
r -0 cm

- 2 5

— 50

— 75

—100

— 125

•—150 mm
24-2 24-3 24-4 24-5 24-6 24-7 24,CC 25-1 25-2 25-3 25-4 25-5

187



SITES 438 AND 439

- 2 5

- 5 0

Site 439
r—0 cm;

—75

—100

— 125

1—150
25-6 25-7 26-1 26-2 26-3 26-4 26-5 26-6 26-7 27-1 27-2 27-3

188



SITES 438 AND 439

Site 439

r—0 cm

- 2 5

— 50

— 75

—100

— 125

1—150
27,CC 28-1 28-2 28-3 28-4 29-1 29-2 29,CC 30-1 30-2 30-3 30-4

28,CC
189



SITES 438 AND 439

Site 439
r-0 cm

- 2 5

- 5 0

—75

—100

— 125

1—150

f

30-5
30,CC

31-1 31-2 31-3 31-4 31,CC 32-1 32-2
32,CC

33-1 33,CC 34-1 34-2

190



SITES 438 AND 439

Site 439

r-0 cm

h-25

h- 50

1-75

I—100

h-125

"—150 34-3
34,CC

35-1 35-2 36-1 36-2
35,CC 36,CC

37-1 37,CC 38-1 38,CC 39-1 39,CC

191


