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Captions to Cover Photos

438A-1, 40-60 cm:

Diatomaceous mudstone typical of sediments of Miocene
through Pleistocene age deposited in the outer forearc
basin (present Deep Sea terrace). Bioturbation is common.

439-26-6, 60-80 cm:

Muddy sand and silt of Oligocene(?) age deposited above
conglomerates shown in adjacent photograph. These
sediments typically contain articulated molluscs and were
deposited in water less than 500 meters deep as indicated
by benthic foraminiferal faunas.

439-32-2, 565-75 cm:

"Dacite’ boulder recovered from Oligocene(?) conglomerates
near bottom of Site 439, Radiometric ages cluster near 23
m.y.B.P. for boulders in this suite of compositions ranging
from rhyolite to andesite. The conglomerate is interpreted

as a subaerial sedimentary deposit. The position of volcanism
near to the site as indicated by the constituents of this
conglomerate (proximal) is anomalous with respect to the
trench and active volcanic arc.

440B-31-5, 40-60 cm:

Highly fractured but rehealed green-gray mudstones recovered
from the mid-slope terrace at about 4256 meters depth in the
deformed sedimentary sequence. Open fractures break sub-
parallel to rehealed high angle fractures.

441A-H2-1, 70-90 cm:

Recovery in this hole on the inner slope of the trench was poor.
The brittle and highly fractured green-gray vitric diatomaceous
mudstones and mudstones are interpreted as slope deposits
involved in deformation related to convergence. This sample

is typical of the material recovered.
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INITIAL CORE DESCRIPTIONS — LEG 57

INTRODUCTION

The Japan Trench transect is the first of three IPOD transects across active margins. These transects are designed to
study the effects of plate convergence at continental and island arc margins through geophysical techniques and G/omar
Challenger sampling. Leg 57 completed the Japan Trench transect (begun on Leg 56) that was designed to sample refer-
ence sections on each side of the zone of accretion, and sites in the zone {Figure 1). At one reference site east and seaward
of the trench, material entering the zone of convergence from the seaward side on oceanic crust was sampled (Site 436%),
and at two others, we sampled material from the landward side in the fore-arc basin (Sites 438, 439). Four sites were drilled
in the vicinity of the zone of accretion on the trench inner slope (Sites 434% 435%, 440, 441). Core recovery data is shown
in Table 1.

The Japan Trench transect crosses a portion of the fore-arc area on the Pacific side of an island arc system in which the
insular continental crust rifted from the Asian mainland, creating a back-arc basin between Asia and Japan. In preparation
for IPOD drilling, two 24-channel seismic reflection records across the area most favorable for study were made by JAPEX
under contract to the Japan Petroleum Development Corporation. In addition, a multichannel record was donated by the
Shell Oil Company. Single channel seismic reflection surveys were made by the Ocean Research Institute, University of
Tokyo, and by the Geological Survey of Japan.

Seismic records along the transect indicate that the non-folded Paleogene sedimentary sequence inferred from samples
near shore {Honza, et al., 1978) rests unconformably on acoustic basement, and extends from the shore to the vicinity of
the trench inner slope {Ishiwada and Ogawa, 1976, Figure 1). The Paleogene sequence is in turn overlain by a Neogene
sequence that extends even farther across the trench slope. Seaward of the non-folded sequence are deformed strata in the
zone of presumed accretion, adjacent to the trench.

Leg 57 drilling began at a reference site (Sites 438, 439) where a complete biostratigraphic zonation and the terrigenous
lithology could be established. Sites 438 and 439 are essentially a single site just landward of the trench inner slope on the
deep-sea terrace in a section that has been little affected by the compressional stress of convergence as indicated by a
series of extensional faults. The remaining Leg 57 sites are on the trench inner slope in a zone presumably stressed by con-
vergence. This zone should contain the boundary between tectonically accreted oceanic material and non-accreted slope
material of the present convergent tectonic epoch. Site 440 is on the relatively narrow mid-slope structural terrace. The
midslope terrace is underlain by a short sequence of gently dipping unfolded weak reflections similar in character to the
reflective sequence landward. Below, at great depth, the terrace is underlain by a strong reflection from igneous crust of
the downgoing oceanic plate. Site 441, down the trench slope from Site 440, is on rough terrain of the zone of accretion.
The zone of accretion is recorded as many diffractions and some sparse, lower tilted reflections that are overlain by short
or discontinuous reflections subparallel to the sea floor. The upper sequence of reflections is much less faulted than the
oceanic basement suggesting rapid slope sedimentation or downslope mass movement.

LITHOLOGY

SITES 438 AND 439

Drilling at Sites 438 and 439, on a broad faulted arch near the edge of the deep-sea terrace, reached the acoustic base-
ment. The four holes drilled here penetrated a nearly continuous section of Holocene through upper Oligocene beds un-
conformably overlying hard, folded rocks of Late Cretaceous age (Figure 2). The sampled section is divided into four
lithological units (see Table 2).

Unit 1 differs in thickness between the four holes and is of late Pliocene through Holocene age. It is 52 to 107 meters
thick and consists of diatomaceous sandy silty clay, silt, and numerous ash layers.

Unit 2 is 765 meters thick and consists from top to bottom of: a) lower through upper Pliocene, homogeneous to

*Sites drilled on Leg 56,
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Figure 2a. Summary of lithology, ash layers, and downhole logging at sites drilled on Leg 57.
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Hole

438

438A

439

Lithologic Core
Unit Numbers

Unit 1 1to 12

(107.0 m)

Unit 1 1to4

(51.5m)

Unit 2 5to 80

Subunit 2A 5to0 32

(312.5m)

Subunit 2B 33 to 56

(230.0 m)

Subunit 2C 57 to 80

(224.0 m)

Unit 3 80 to 86

(61.0 m)

Subunit 2B 1,2

Subunit 2C 3,4

Depth
(m)

0.0-107.0

0.0-51.5

§1.5-817.0
51.5-363.0

363.0-593.0

593.0-817.0

817.0-878.0

TABLE 2. Lithology

Age

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

Continuous coring begins———————————— —— ——

Unit 3 Stoll
(766.5 m)

Unit 4 12 to 22-1
(77.5 m)

849.5-916.0

Lower to middle
Miocene

-~ hiatus -———

916.0-993.5

Lower Miocene

Lithology

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

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 remains occur only in upper
part. Lower part of unit silicified. Rare pebbles (pumice).

Mostly burrow-mottled claystone and diatomaceous
claystone showing dewatering structures and some
microfaults, Thin calcareous concretions and thin lime-
stone beds common. Pebbles (pumice) and ash horizons
rare. Unit 2C is predominantly dark gray, gray, and gray
green (S5Y 4/1-5/1, and 5GY 5/14/1).

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 5/14/1 and
5GY 4/1).

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), con-
cretionary limestone layers, infrequent thin tuff layers,
pumice clasts and fragments microfaults and dewatering
veins, tension fractures, sharp transition to next unit
below,

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; m. g, to f. g. sand,

silt grading upward to clay, sharp basal contacts, scoured;
lithic wacke composition (microcrystalline quartz lithic
fragments), some mollusc fragments. A few tuff layers,
mottled clayey siltstone at base—sharp transition to next
unit below,



TABLE 2. (Cont'd.)

Age

Oligocene

Oligocene(?)

~- hiatus -

Lithologic Core Depth
Hole Unit Numbers {(m)
Unit § 22-2 to 993.5-1098.0
(104.5 m) 32-1
Unit 6 322 to 1098.0-1145.5
(47.5 m) 371
Unit 7 372 to 1145.5-1157.5
39
440 Unit 1 1to$5 0.0-38.0
Unit 2 5to 26 38.0-380.0
Unit 3 27to 71 380.0-808.0
441 Unit 1 1to 6 0.0-132.0
441A Al-A2
441 Unit 2 7t09 132.0-380.0
441A A3-A4
H1, H2*

*H signifies 2 wash core through an interval longer than the core barrel which was

archived and sampled as a normal core for that interval,

Cretaceous

Holocene-upper
Pleistocene

Lower Pleistocene-
upper Pliocene

Lower Pliocene-
upper Miocene

Pleistocene-upper
Pliocene

Upper Pliocene-
lower Pliocene

Lithology

Gray to olive gray (N5 to 5Y 4/1 and 2.5Y 4/0) massive
sandstone and siltstone moderately well-sorted, friable,
no sedimentary structures, abundant molluscandebris
and articulated pelecypods; sandstone calcite-cemented
in lowest part of unit, Wood chips,quartz, lithic frag-
ments (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 pebbles and granules of very
dark gray silicified silty claystone (similar to Unit 7).
Boulders up to 65 cm diameter. Several individual con-
glomerate units. Basal 60 cm is olive gray (5Y 4/1)
plastic clay (firm).

Dark to very dark gray (N4 to N2) well indurated,
silicified claystone and clayey siltstone with thin
(<1 cm) calcareous graded silt beds; contorted into
slump folds but some horizontal bedding.

Greenish black to olive gray (5G 2/1 to 5Y 4/2) clayey
sand and gravel, poorly sorted, from dusky yellow green
to olive gray (SGY §/2 to 5Y 3/2) diatomaceous clay,
sandy diatom ooze and grayish olive (10Y 4/2) diatom-
aceous silty and sandy clay; some graded bedding in
coarsergrained intervals. Rounded pebbles of various
igneous and sedimentary rocks common. Some thin

ash layers.

Mostly dark olive gray to olive gray (5Y 3/24/2)
diatomaceous clay and (below 168 m) diatomaceous
claystone. Randomly dispersed rounded pebbles common;
burrow mottling increases downhole. Minor thin ash layers,

Generally olive gray to dark olive gray (5Y 4/2-3/2) inter-
bedded claystone and diatomaceous claystone, Zones of
folded beds (due to mass movement), veins and micro-
faults. Thin (1 cm) ash layers common throughout,

Dark greenish gray (SGY 4/1) silty diatomaceous clay
at top, predominantly olive gray (S5Y 4/2) diatomaceous
clay with minor ash layers; rounded pebbles up to 2 cm
diameter consisting of basalt, dacite, pumice, and some
calcareous pebbles or concretions. Minor clayey silt or
sand layers. Slightly mottted throughout, One graded
silty tuffite noted at base of Unit 1.

Dark green gray (5GY 4/1) dark olive gray (5Y 3/2)

and olive gray (5Y 4/1) diatomaceous claystone minor
clayey diatomite, vitric diatomaceous claystone and a
few thin tuff beds. Some calcareous mottles and con-
cretions, Enitire unit is characterized by fractures, part-
ing, and some black veins (rehealed). Recovery is mostly
in the form of <1 cm chips (fissility) and very poor.



Hole

441A

441A

441A

441B

Lithologic
Unit

Unit 3

Unit 4

Unit §

Core Depth
Numbers (m)
A5 380.0410.0
A6, A7 410.0-504.0
AB-A1S 504.0-687.0
H4
B-1,2
BH-1, BH-2

TABLE 2. (Cont’d.)

Age

Lower Pliocene

Lower Pliocene

Lower Pliocene-
upper Miocene

Lithology

Breccia of dark gray (N3) siltstone: rounded to angular
siltstone fragments in more clay-rich matrix or gouge.
Dewatering veins at top of unit recovered. Several
graded and ungraded very fine-grained to coarse-grained
sandstone interbedded with claystone (5Y 6/1). Bottom
of unit chosen on basis of signature on geophysical log
(FTC), Fair recovery.

Mostly olive gray (5Y 3/2) diatomaceous claystone and
claystone, some siltstone, possible redeposited claystone,
minor tuff layers and calcareous concretions; poor re-
covery and highly fractured material.

Heterogeneous lithology consisting of olive gray (5Y 3/2)
claystone, greenish black to greenish gray (5G 2/1-6/1)
silty claystone, calcareous claystone and carbonate-
cemented claystone breccia, to dark greenish gray (SGY
4/1) resedimented claystone to 45° dip. Lower part of
unit composed of greenish black claystone (3G 2/1-

3/1) and olive gray, silty claystone (5Y 4/1) with some
light olive gray (5Y 5/1) silty tuffite and (5Y 3/1) vitric
silty claystone. Entire unit exhibits high fissility; intensely
fractured except for breccia units.
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DU UWSIIULLISU Glay oy digluinausuus YULE dlid digluinaseuus clay with numerous ash horizons and occasional pebbles;

b} upper Miocene through lower Pliocene, diatomaceous claystone and clayey diatomite, burrow-mottled throughout,

with minor ash layers in the upper portion; c) middle to upper Miocene, burrow-mottled claystone and diatomaceous clay-
stone with dewatering structures and some microfaults — thin calcareous concretions and thin limestone beds are common.
Foraminiferal assemblages indicate lower bathya! water depths (>2000 meters}.

Unit 3, of earty Miocene age, is about 120 meters thick and consists of vitric sandy claystone and diatomaceous clay-
stone. Clayey sandstone and siltstone alternates with claystone in the uppermost part. Burrow-mottling is common.

Unit 4 is of early Miocene age. It consists of 77 meters of clayey siltstone that is well-cemented, massive to slightly
burrow-mottled, and has rare faint {amination. The rock of Unit 4 is intensely fractured, probably because it was inter-
cepted by a fault zone as seen on the seismic records. The lower part of Unit 4 at Site 439 is a fine-grained turbidite-clay-
stone sequence of earliest Miocene age with a middle bathyal (600 to 1500 meters) foraminiferal assemblage.

Unit 5 consists of a 105 meters thick massive sandstone of Oligocene age, deposited near a surf zone. The rock is moder-
ately sorted, texturally a medium- to fine-grained sand, lacks discernible bedding or other sedimentary structures, and is
compositionally a lithic arenite or lithic wacke. The unit contains numerous megafossils including articulated pelecypods
{not in growth position), virtually unbroken gastropods, and upper bathyal (200 to 500 meters) benthic foraminifera.

Unit B consists of conglomerate and breccia made up largely of boulders of porphyritic dacite. The angular shape of
some of the dacite clasts, their large size, and the nearly monolithologic composition of the unit indicate a nearby source
of either hypabyssal rocks or possibly thick flows. The conglomerate might have formed subaerially, an inference based
on the tack of marine fossils and an underlying clay that was possibly formed by subaerial weathering.

Unit 7, below the reflector at the top of the acoustic basement, is a hard, dark, silicified silty claystone of Late Cretaceous
age. Thin silt turbidite layers define bedding and synsedimentary as well as possible tectonic folds. An erosion surface is
inferred across the top of the claystone because at least 40 million years of sedimentary history is lost in the hiatus, a rough
surface topography is indicated in seismic records, and because the claystone is found as clasts in the overlying conglomerates.

The series of environments interpreted from the lithologic sequence at Sites 438 and 439 begins with an emergent Oligo-
cene terrane of black silicified Upper Cretaceous claystone and pre-upper Oligocene dacite. Clastic debris of this lithology in
conglomeratic units was covered in late Oligocene time by sand transported from a nearby surf zone into more quiet marine
water of less than 500 meters depth. The terrain continued to subside through early Miocene time as interbedded turbidite
sand and clay layers were deposited. Distance from sources of coarse-grained eroded material apparently increased because
in early Miocene time deposition of turbidite units gave way to sedimentation of mud and diatomaceous mud. The area of
the sites reached upper middle bathyal depth at the beginning of early Miocene time and lower bathyal depth in late Miocene
time, and it was essentially isolated from coarse-grained terrigenous material from middle Miocene until late Pleistocene
time. This sequence of events can be extrapolated to either side of the site assuming that the time horizons can be extended
along seismic horizons in the multichannel records across the sites. The multichannel records were joined with the section
by Ishiwada and Ogawa (1976} in order to extend the horizons to shore, thereby forming a complete reconnaissance cross
section of the margin. The historical development of part of the margin interpreted from the combined geophysical and
geological data is shown schematically in Figure 3. The inundation of the landmass began in lower Paleogene time west of
Sites 438 and 439 and progressed through early Neogene time. The subsidence of this ancient landmass, named the Oyashio
ancient landmass, is puzzling in view of the prevailing ideas of tectonic accretion at convergent margins and the island arc
volcanism presumed to have been active since late Oligocene time. Underthrusting of oceanic crust at the continental crust
is generally throught to be associated with uplift of the outer continental margin, yet our data suggests that uplift is only
local and of latest Cenozoic age.

Perhaps the most unexpected discovery at Sites 438 and 439 are the boulders of acidic igneous rocks only 90 km from the
Japan Trench. The presently active arc is 300 km from the trench. A nearby source for the boulders from the Oyashio land-
mass is suggested by the size and angularity of the clasts, the monolithologic character of the deposit, and the difficulty of
transporting these materials from Honshu or Hokkaido Islands. From this discovery it can be inferred that perhaps a magmatic
or volcanic arc of a previous tectonic epoch lay near the site or about 200 km farther east than the present arc. The sites are
on a southern projection of north-trending metamorphic beits on Hokkaido Island containing remnants of a volcanic arc of
Cretaceous age. It is also possible that these igneous rocks represent only some type of poorly-understood anatectic melting
of lower plate material. Radiometric (Ar38 /5,40) age dating establishes the volcanism as having occurred about 23 m,y.B.P.,
essentially just prior to the reworking of the igneous products into the conglomerate.
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SITE 440

Site 440 is on the relatively flat sea floor of the midslope terrace that affords a seismic window revealing a 1.6-second
(2-way time) sequence of reflections dipping gently landward above a strongly diffracting acoustic horizon, much like the
acoustic basement farther landward. Far below (approximately 4 km) reflections are recorded from igneous crust of the
downgoing oceanic plate (Figure 1).

The composition of sediment at this site is very similar to those at Sites 439 and 439 (Figure 2, Table 2). The uppermost
unit, 38 meters thick, has poorly sorted graded beds of clay, sand, and gravel between layers of diatomaceous clay and ooze.
The upper half of the second unit (38 to 380 meters) is composed of diatomaceous claystone; the lower half is claystone.
Mottling is slight to intense; lithification™ begins at 168 meters and induration increases downward. The third unit (380 to
808 meters) is also diatomaceous claystone and claystone, but it is distinguished by several zones with syndepositional folds
that appear to be thin units in downhole logs.

Ash and tuff layers are distributed much like those at Sites 438. Volcanic ash layers begin to increase in late Miocene
time and remain high during the first two-thirds of Pliocene time. After a waning period, the ash layers again become numer-
ous in late Pleistocene time. The relation of ash layers to frequency of volcanic activity will require evaluation of the effects
of bioturbation and alteration.

Sediment accumulated at a constant rate in Pliocene and Miocene time (Figure 4) and deposits of these ages are of approx-
imately equivalent thicknesses to those cored at Sites 438 and 439. The Pleistocene section, however, is 200 to 250 meters
thicker than at any other site in the Japan Trench transect. This increase in thickness is probably caused by ponding of sedi-
ment on the terrace. Shelf foraminiferal assemblages are found in the upper 70 meters at this site and demonstrate that
much of the sediment here has been displaced downslope. The midslope terrace was probably configured in its present form
in Pleistocene time.

A large part of the section below 400 meters exhihits tectonic brecciation, a fragmentation that occurred in place after
lithification aliowed brittle deformation of the sediment. Rehealing of the fracture system took place after little relative
displacement between the pieces of the breccia. The brecciation occurs along anastamosing and branching veins and fractures.
Fracturing may have been induced along veins that originally acted as dewatering conduits.

Downhole logs record a much greater variability in density and velocity than would be expected from visual observation
of the pre-Pleistocene lithology. The velocity gradient of the upper 400 meters at Site 440 is the same as Sites 438 and 439,
but the average velocity is 100 to 140 m/s more at greater depth (Figure 2). The caliper log shows proncunced washouts at
lithologic contacts that were not recovered. The temperature log indicates a temperature gradient of about 1°C per 100
meters, or one-third the value at the ocher two more landward sites (438 and 439).

From the cores, downhole logs, and seismic records, the stratified sequence beneath the midslope terrace at Site 440 is
interpreted as consisting of a non-folded upper continental slope section rather than a deep ocean basin sediment accreted
at the leading edge of the insular lithosphere. The sequence is more than a superficial slump block from higher on the slope.
It is an orderly sequence of bedded, terrigenous sediment at least 1600 meters thick that has been rotated until it tilts land-
ward. If the rate of sedimentation in the drilled section is assumed to continue without a hiatus in the unsampled fower part
of the section, as it does at Sites 438 and 439, the estimated minimum age at the base of the sequence is early Miocene.
The estimated age is a minimum one because no allowance for compaction was made. The intense fracturing is evidence
that abnormal stress, probably from plate convergence, is communicated to the midstope area. The stress is superimposed
on a section originally deposited in a normal continental slope environment. At the scale of resolution in seismic records,
however, deformation from the stress has not yet disrupted the reflecting horizons to produce compressional folds or to
mask structure with extensive diffractions.

SITE 441
At Site 441 about 680 meters of sediment was penetrated in a setting that is 156 km landward from the trench axis on the
lower part of the trench inner slope (Figure 1). In seismic records across the site, igneous oceanic crust is the last prominent

acoustic reflection. The oceanic crust is overlain by reflections from beds dipping steeply landward that are, at least in part,
interpreted as tilted deep ocean basin deposits. These sediments are in a wedge-shaped body that is covered, in turn, by

*The cores were considered lithified when they could no longer be cut with a wire cutter and had to be sawed.
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reflections subparallel to the slope, which are inferred to be terrigenous slope deposits. The slope deposits are at least 800
meters thick at the site and all sampling was in this upper layer.

The beds samb|ed are claystone of late Miocene to Pleistocene age with varying amounts of diatoms and volcanic ash,
much the same as the other sites on this transect (Figure 2, Table 2). The intervals between paleontological datums are
virtually the same as at Site 440 except for one middie Pliocene interval that is about one-third thicker than the equivalent
interval farther upslope. Persistent recovery of drill cuttings composed of less than 1 cm-sized lithic chips, which readily
crumble, characterizes the cores below about 140 meters from Site 441, The rare massive core pieces are cut by fractures
with a variety of orientations that divide the coherent materials into blocks. Some fractures are clearly faults, but many
appear to be partings or joints, and at least some may have been induced by drilling. Another type of material is in the
form of sedimentary breccia consisting of mudstone chips in a mudstone matrix. In some cores the clasts were paleonto-
logically dated as ships of lower middle Miocene rocks floating in a matrix of Pliocene age. These lithic chips must have
been transported downsiope. In one coherent section, the lithic chips are squeezed together with little if any apparent in-
tervening matrix. Also sampled was tectonic breccia that apparently developed in place. The relative importance of each of
these fabrics cannot be determined because the highly fragmented core material could originally have been any one of the
types mentioned and because of poor recovery.

There is no evidence from the cores that a section from the oceanic plate was drilled. However, the hemipelagic section
sampled here and at Site 434 (Leg 56) is more intensely fractured than any other section sampled on the Japan Trench
transect. Therefore, it is thought to be stressed by tectonism associated with plate convergence and to be part of the
accretionary zone, in a dynamic sense.

BIOSTRATIGRAPHY

DSDP Leg 57 sites lie within the mixing area of the cold Oyashio and warm Kurishio currents. During the Neogene,
fluctuations in these currents resulted in deposition of a succession of warm water, temperate, and cold water faunal and
floral assemblages. Consequently, Leg 57 sites provide an opportunity for correlation of high latitude and low latitude
microfossil zonations.

Studies of DSDP cores, piston cores, and outcrop samples have established a relatively complete microfossil biostrati-
graphic zonation for the North Pacific. In addition, Neogene paleoclimatic events throughout the North Pacific have been
identified from planktonic foraminiferal assemblages. The microfossil datums and paleoclimatic events have been tied to
paleomagnetic stratigraphy and to the absolute time scale. The composite record from Holes 438A and 439 illustrates the
excellent control of microfossil biostratigraphy available in beds of Pleistocene to upper Oligocene age. Microfossit control
is best between 0 and 3 m.y., scant between 3 and 4.5 m.y., and moderate from 4.5 to 16.5 m.y. Only benthic foraminifera
are present in the upper Oligocene and Upper Cretaceous sections. The sediment recovered from Holes 438A and 439 pro-
vide a good upper Oligocene to Holocene reference section for the northwest Pacific.

Rates of sediment accumulation for Legs 66 and 57 sites are illustrated in Figure 4; no compaction factor has been
applied. Pronounced hiatuses are present in the lower Pleistocene of Sites 434, 438, and 441. Overall sediment accumulation
rates are similar for all sites on the inner trench siope and deep sea terrace; however, this is misleading because no correction
has been made for differences in consolidation history.

SUMMARY

{POD geophysical data and drill sampling along the Japan Trench transect have placed limits on the volume of material
tectonically accreted during the present convergent episode to a surprisingly small zone. These limits seem well established
by the seaward extent of crust with continental thickness and lithologies, and by the age and thickness of a terrigenous
slope apron covering the presumed but unsampled accreted oceanic material.

‘The evidence for crust of continental affinities is anchored in part to the geologic history on land and, as presently inter-
preted, the geologic history at Site 439 correlates in general with the history of Honshu Island. The Cretaceous unconformity,
widely recognized on land, has now been observed 130 km east from the coast at Site 439. In outcrop and sampled sections,
the unconformity cuts across an ancient landmass and, therefore, the former extent of the landmass is probably indicated
by the extent of the unconformity in seismic records. In addition, there is possible evidence that the landmass extended
much farther east than Site 439 because a volcanic arc like the one inferred to be near Site 439 is usually associated with a
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trench 100 to 200 km farther seaward. If this is true, a pre-Oligocene fore-arc area once extended hundreds of km seaward
of Site 439.

Ishiwada and Ogawa {1976) traced the unconformity from the Kitakami Massif on land, across the inner part of the
continental margin. It can be continued seaward in the JPDC muitichannel seismic records across Sites 438 and 439, where
it is clearly recorded, and farther seaward at least to the middle of the inner trench slope where it is presently at a depth of
6 km. Therefore, it is likely that remnants of the Oyashio landmass, which was probably crust of continental thickness
during a previous tectonic episode, extends at least to the seaward limit of the unconformity as recorded by the seismic
reflection surveys.

The seaward limit of the unconformity is unclear because it becomes difficult to follow about 15 km upslope from the
midslope terrace in the seismic record across Sites 440 and 441. However, the overlying slope deposits extend farther sea-
ward and merge into the zone of-accretion. Therefore, the sedimentary environments reflecting subsidence of the Oyashio
landmass and deposition of terrigenous material on a deep sea terrace and trench slope extend to the midslope terrace at
Site 440. There is no folding of this section in the multichannel records. The accretionary zone, characterized by highly
diffracted reflections and a series of dipping reflections, begins immediately seaward. Therefore, the acoustically definable
accretionary zone extends approximately 25 km landward of the trench axis to the vicinity of the midslope terrace. The
base of the section beneath Site 440, which is virtually in contact with the oldest part of the zone of accretion, is estimated
to be no younger than early Miocene age. This minimum age estimate is close to the late Oligocene age of initial volcanism
associated with the present episode of convergence. At Site 441 accretion can be no younger than the upper Miocene age
of the trench slope deposits.

The term accretion should probably be used in a broader sense here and not be restricted only to materials scraped off
the oceanic plate. Along the Japan Trench, a great deal of terrigenous material moving down the slope never reaches the
trench or oceanic plate before it is involved in compressional tectonic environment, for instance, the over-compacted sedi-
ment at Site 440. Even at sites closer to the trench, no definite material from the oceanic plate was recognized, and yet a
much greater amount of sediment has accumulated here than at the reference sections landward and seaward. Although
some of this greater thickness of sediment may be due to local differences in rates of sedimentation, there is evidence in
cores and downhole logs of tectonic stresses that may thicken the section, and therefore accretion in the dynamic sense
of the term must here include trench slope deposits.

Imbrication is the accretionary process most commonly associated with covergent margins and some imbricate faulting
is interpreted from the seismic records {(Leg 56, Geotimes), In addition, downslope mass movement is indicated by hiatuses
at the Pliocene-Pleistocene boundary of sites on the trench stope, by evidence of some intervals of transported material,
by syndepositional folding, and by scars and other evidence of stumping in the seismic records. Not so easily recognized,
but perhaps an important mechanism in tectonic thickening, is tectonic consolidation, which is a process that is as yet
poorly defined and understood (Moore and Karig, 1976). Our preliminary findings indicate that dewatering and develop-
ment of pervasive fracturing are two important processes in the initial stage of tectonic consolidation of the mudstone
encountered in Leg 57 cores.

Preliminary calculations indicate that the zone of accretion associated with the Japan Trench is not farge enough to
accommodate all the sediment carried there in Neogene time by the subducted plate at the convergence rate of 8 to 10
em/yr proposed by Minster, et al. (1974) despite a liberal allowance for compaction. Nor does a great deal of the stress
across the slip plane between the upper and lower plates seem to be communicated landward of the midslope terrace, at
least in the upper 2 to 3 km of the continental margin. Some of the puzzling problems raised by the preliminary study of
the cores from Leg 57 and geophysical data across the sites are: the fate of the subducted and accreted oceanic {and con-
tinental) material; the possible fate of the outer part of the Oyashio landmass; the mechanism whereby massive subsidence
of the leading edge of the continental plate can take place during presumed addition of oceanic crust to continental crust;
and the very low frictional forces that allow many thousands of km of oceanic crust to be thrust beneath the continental
crust without deforming the upper plate extensively. The results from this first transect in the IPOD Active Margins drilling
program suggest that much more variability | instructure may exist between convergent margins than has previously been
recognized.
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EXPLANATORY NOTES

INTRODUCTION

Leg 57 Initial Core Description is presented here to aid investigators in selecting samples for detailed study. Samples
from Leg 57 become available to the public on 15 December 1978.

Potential investigators who desire to obtain samples should refer to the DSDP-NSF Sample Distribution Policy
(p. 33). Sample request forms may be obtained from:

The Curator

Deep Sea Drilling Project, A-031
University of California, San Diego
La Jolla, California 92093

Requests must be as specific as possible: include site, core, section, interval within a section, and volume of sample
required. The purpose of this publication is to aidinterested investigators in understanding the (1) terminology, tabeling,
and numbering conventions used by the Deep Sea Drilling Project (DSDP); (2) sediment classification and biostratigraphic
framework used on Leg 57; and in addition (3) present the preliminary lithologic and paleontologic data on core forms, so
that sampling can be guided. However, the investigator should be aware that the data is subject to future revision.

NUMBERING OF SITES, HOLES, CORES, SAMPLES

DSDP drill sites are numbered consecutively from the first site drilled by Glomar Challenger in 1968. Site numbers are
slightly different from hole numbers. A site number refers to one or more holes drilled while the ship was positioned over
one acoustic beacon. These holes could be located within a radius as great as 900 meters from the beacon. Several holes
may be drilled at a single site by pulling the drill pipe above the sea floor {out of one hole) and moving the ship 100 meters
or more from the previous hole, and then begin drilling another hole.

The first {or only) hole drilled at a site takes the site number. A letter suffix distinguishes each additional hole at the
same site, For example: the first hole takes only the site number; the second takes the site number with suffix A; the third
takes the site number with suffix B, and so forth. It is important, for sampling purposes, to distinguish the holes drilled at
a site, since recovered sediments or rocks from different holes usually do not come from equivalent positions in the strati-
graphic column.

The cored interval is measured in meters below the sea floor. The depth interval of an individual core is the depth below
sea floor that the coring operation began to the depth that the coring operation ended. Each coring interval is generally 9.5
meters long, which is the nominal length of a core barrel; however, the coring interval may be shorter or longer {rare).
"Cored intervals’ are not necessarily adjacent to each other, but may be separated by ““drilled intervals’’. In soft sediment,
the drill string can be ““washed ahead” with the core barrel in place, but not recovering sediment, by pumping water down
the pipe at high pressure to wash the sediment out of the way of the bit and up the space between the drill pipe and wall
of the hole; however, if thin hard rock layers are present then it is possible to get “spotty’’ sampling of these resistant layers
within the washed interval, and thus have a cored interval greater than 9.5 meters.

Cores taken from a hole are numbered serially from the top of the hole downward. Core numbers and their associated
cored interval in meters below the sea floor are normally unique for a hole, however, problems may arise if an interval is
cored twice. When this situation occurs, the core number is assigned a suffix, such as “/S""* for supplementary.

Full recovery for a single core is normally .28 meters of sediment or rock, which is in a plastic liner {6.6 cm 1.D.), plus
about a 0.2 meter-long sample (without a plastic liner) in the Core-Catcher. The Core-Catcher is a device at the bottom of
the core barrel which prevents the cored sample from sliding out when the barrel is being retrieved from the hole. The
sediment-core, which is in the plastic liner, is then cut into 1.5 meter-long sections and numbered serially from the top of

*Note that this designation has been used on previous legs as a prefix to the core number for sidewall core samples.
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the sediment-core {Figure 5). When we obtain full recovery, the sections are numbered from 1 through 7 with the last section
possibly being shorter than 1.5 meters. The Core-Catcher sample is placed below the last section when the core is described,
and labeled Core-Catcher {CC): it is treated as a separate section.

When recovery is less than 100 per cent, and if the sediment or rock is contiguous, the recovered sediment is placed in
the top™ of the cored interval, and then 1.5 meter-long sections are numbered serially, starting with Section 1 at the top.
There will be as many sections as needed to accommodate the length of the core recovered {Figure 5); for example 3 meters
of core sample in plastic liners will be divided into two 1.5 meter-long sections. Sections are cut starting at the top of the
recovered sediment, and the last section may be shorter than the normal 1.5 meter length.

When recovery is less than 100 per cent, the original stratigraphic position of the sediment in the cored interval is un-
known, so we employ the convention assigning the top of the sediment recovered to the top of the cored interval. This is
done for convenience in data handling, and consistency. If recovery is less than 100 per cent, and core fragments are sep-
arated, and if shipboard scientists believe the sediment was not contiguous, then sections are numbered serially and the
intervening sections are noted as void, whether it is contiguous or not. The Core-Catcher sample is described in the Visual
Core Descriptions beneath the lowest section.

Samples are designated by centimeter distances from the top of each section to the top and bottom of the sample in
that section. A full identification number for a sample consists of the following information:

Leg

Site

Hole

Core Number

Interval in centimeters from the top of section

For example, a sample identification number of “’567-438B-9-3, 12-14 cm” is interpreted as foilows: 12 to 14 cm designates
a sample taken at 12 to 14 cm from the top of Section 3 of Core 9, from the third hole drilled at Site 438 during Leg 57.
A sample from the Core-Catcher of this core is designated as “567-438B-8, CC, 12-14 cm”.

The depth below the sea floor for a sample numbered “57-438B-9-3, 12-14 cm”, is the summation of the following:
1) the depth to the top of the cored interval for Core 9, which is 362 meters; 2} plus 3 meters for Sections 1 and 2 (each
1.5 meters long); and plus the 12 cm depth below the top of Section 3. All of these variables add up to 365.12 meters™™,
which theoretically is the sample depth below the sea floor.

HANDLING OF CORES

A core was normally cut into 1.5 meter sections, sealed, and labeled; and then the sections were brought into the core
laboratory for processing. The following determinations were normally made before the sections are split: gas analysis,
thermal conductivity analysis (soft sediment only), and continuous wet-bulk density determinations using the Gamma Ray
Attenuation Porosity Evaluation (GRAPE).

The cores were then split longitudinally into “working’’ and “archive’” halves. Samples were extracted from the ““working”
half, including those for determination of grain-size distribution, mineralogy by x-ray diffraction, sonic velocity by the
Hamilton Frame method, wet-buik density by a static GRAPE technique, water content by gravimetric analysis, carbon-
carbonate analysis, per cent calcium carbonate (Karbonate Bomb), geochemical analysis, paleontological studies, and others.

Smear slides from each major lithology, and most minor lithologies, were prepared and examined microscopically. The
archive half was then described and photographed. Physical disturbance by the drill bit, color, texture {for uncemented

lithologies), sedimentary structure and composition {+20%) of the various lithologies were noted on standard core descrip-
tion sheets.

**  This technique differs from the labeling systems used on Legs 1 through 45, which had a designation called *‘zero

section’’, but did not have a “‘number 7 section"’.

**  Sample requests should refer to a specific interval within a core-section, rather than the level below sea floor.
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After the cores were sampled angd ‘described, they are maintained in cold storage aboard Glomar Challenger until they
can be transferred to the DSDP repository. Core sections which were removed for organic geochemistry study were frozen
immediately onboard ship and kept frozen. All Leg 57 cores and frozen cores are presently stored at the DSDP West Coast
Repository (Scripps Institution of Oceanography).

Core descriptions, smear slide descriptions, carbonate bomb determinations (% CaCOs) (these data were determined
aboard ship), grain size analyses, carbon-carbonate determinations (both determined at the DSDP shore-based laboratory),
and x-ray diffraction data (from the labs of German Miiller, Universitat Heidelberg) serve as the data for the Visual Core
Descriptions in this volume. These samples, and their location in the core, are coded with a symbol on the core description
sheets. The key to these codes, in order to identify the samples, is in Figure 6.

VISUAL DESCRIPTIONS

Sediment Disturbance
Recovered rocks, and particularly the soft sediments, may be extremely disturbed. This mechanical disturbance is the
result of the coring technique, which uses a large 256 cm diameter bit with a small 6.0 cm diameter opening for the core
sample. The following disturbance categories are used for soft and firm sediment. These categories will be indicated on the
core description sheet {in a column} by coded patterns to which the key is in Figure 6. The categories are as follows:
(a)  Slightly deformed: bedding contacts are slightly bent.
{b) Moderately deformed: bedding contacts have undergone extreme bowing.

{c) Very deformed: bedding is completely disturbed, sometimes showing symmetrical diapir-like structure.

(d)  Soupy: water saturated intervais which have lost all aspects of original bedding.

Sedimentary Structures

In the soft, and even in some harder sedimentary cores, it may be extremely difficult to distinguish between natural
structures and structures created by the coring process. Thus, the description of sedimentary structures was optional. A
column on the Core Description Sheet (Figure 6) may have patterns (coded symbols) to indicate typical structures. The
key to the set of structure-symbol codes is in Figure 7.

Color

Colors of the geologic material are determined with a Munsell or Geological Society of America Rock-Color Chart.
Colors were determined immediately after the cores were split and while they were in a wet condition.

Graphic Lithology Column

A graphic lithologic column is presented. This graphic column is based on this lithologic classification scheme presented
betow. The lithologies and their corresponding symbols are in Figure 8. Often a single lithology will be represented by a
single pattern. Some lithologies are represented by a grouping of two or more symbols. The symbols in this grouping may
correspond to end member sediment constituents, such as clay and nannofossil ooze. Normally the symbol for the dominant
constituent is placed on the right-hand side of the column, and the symbol for the subordinate constituent will be on the
left-hand side of the column. The percentage of one component to another may be represented
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Sedimentary
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PR DY
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oo
S

burrows
bioturbation

healed veins or sinous fracture

-n~(<?

mollusc fragment

Figure 7. Key to sedimentary structure symbols.
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in the graphic column by the symbols'being presented in proportion to their percentages. For example the left 20% of the
column may have a clay symbol while the right 80% of the column may have a nannofossil ooze symbol. This would mean
that the sample was approximately 80% nannofossils and 20% clay. The vertical lines which separate the symbols are
shown in Figure 6 with their corresponding percentages and positions in the column.

Because of the difference in the length-to-width ratio between the actual sediment core and the graphic lithologic
column, it is not possible to reproduce structures as they appeared in the core. They become highly flattened and distorted.
The same is true for erratic pebbles and changes of lithology in the cores.

Text of Core Description

Format, style, and terminology of the descriptive portion of the Core Description Sheets {Figure6) are not controlled
by the “Mandatory Graphic Lithologic Column Scheme”, beyond the minimal name assignment which is derived from the
lithologic classification {described below). Colors and additional information such as structure and textures, are normally
included in the text portion of the core description.

LITHOLOGIC CLASSIFICATION

The basic classification system used here was devised by the JOIDES Panel on Sedimentary Petrology and Physical
Properties (SPPP) and adopted for use by the JOIDES Planning Committee in March 1974, For the sake of continuity the
Leg 57 shipboard scientists have used this basic classification with some modification. Since Legs 56 and 57 drilled in the
same region and recovered sediment of similar lithology and age, the two legs have come to aggrement on a uniform litho-
logic classification to facilitate comparison of sediment from different drill holes. We will point out our differences from
the SPPP classification when those topics are discussed.

GENERAL PRINCIPLES

This classification is not comprehensive, therefore, a category of “Special Rock Types” will create additional definitions
and terminology of rock types not covered. The classification is descriptive and genetic implications are not intended. These
divisions are naturally artificial, and the proposed classification is only a rough grouping of what we really find in nature. The
classification, as used in this volume, will use data which was primarily estimated or measured aboard the ship.
DESCRIPTIVE DATA

Sediment and rock names are defined solely on the basis of composition and texture. Composition is most important for
description of those deposits more characteristic of open marine conditions, with texture becoming more important for
the classification of hemipelagic and nearshore facies. These data are primarily determined onboard the ship by (1) visual
estimates ‘in smear slides” with the aid of a microscope.
FIRMNESS

We use three classes of firmness for biogenic calcareous rocks, which have a calcium carbonate content greater than 60%,
and only two classes of firmness for all other lithologic types. Criteria for different classes of firmness are those of Gealey,
etal. (1971).

1. Biogenic-calcareous-sediment, with greater than 60% CaCOg, have 3 classes of firmness as follows:

a. Soft: Sediment which have little strength and are readily deformed under the finer or broad
blade of the spatula are soft and are termed ooze.
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b. Firm: Partly lithified ooze or friable limestone are called chalk. Chalks are readily deformed under
the fingernail or the edge of a spatula blade. More lithified chalks are termed limestones (see below).

c. Hard: Limestone is a term which is restricted to nonfriable cemented rock.

2. Only two classes of firmness are used for transitional carbonates with less than 60% CaC03, biogenic
siliceous sediment, pelagic clay, and terrigenous sediments as follows:

a. Soft: A sediment is soft if the sediment core may be split with a wire cutter. The following sediment
terms are used for soft sediment:

1)  Soft biogenic-siliceous-sediment (with greater than 30% siliceous fossils) are termed ooze; for
example, radiolarian ooze, diatomaceous ooze, or siliceous ooze.

2)  Soft terrigenous sediment, pelagic clay, and transitional calcareous-biogenic-sediments are termed
as follows: sand, silt, caly, mud, or marl.

b. Hard: The core is hard if it must be cut with a band saw or diamond saw.

1) Hard siliceous-biogenic sediment (greater than 30% siliceous) are termed radiolarite, diatomite,
chert or porcellanite.

2) Hard terrigenous sediment, transitional calcareous-biogenic-sediment, and pelagic clay are termed
as follows: a suffix -stone is added to the soft-sediment name, for example: sandstone, siltstone,
claystone, mudstone (shale, if fissile), or marlstone.

BASIC SEDIMENT TYPE
Pelagic Clay

Pelagic clay is principally authigenic pelagic deposits that accumulate at very slow rates. The class is often termed
brown clay, or red clay, but since these terms are confusing, they are not used.

1. Boundary of pelagic clay with terrigenous sediments is where authigenic components (Fe/Mn micronodules,
zeolites), fish debris, etc., become common {> 10%) in smear slides indicating pelagic clay. The accumulation
rates of pelagic clay and terrigenous sediments are very different, therefore transitional deposits are exceptional,

2. Boundary of pelagic clay with siliceous-biogenic-sediments is where there is less than 30% siliceous remains.

3. Boundary of pelagic clay with calcareous-biogenic-sediment is uncommon. Generally this facies passes from
pelagic clay through siliceous ooze to calcareous ooze, with one important exception: at the base of many
oceanic sections, black, brown, orred clays occur directly on basalt, overlain by or grading up into calcareous
sediments. Most of the basal clayey sediments are rich in iron, manganese and other metallic trace elements. For
proper identification they require more elaborate geochemical work than is available onboard ship. These sedi-
ments would be placed in the Special Rock Category.

PELAGIC-SILICEQUS-BIOGENIC-SEDIMENT
Pelagic-siliceous-biogenic-sediment is distinguished from pelagic clay because the siliceous-biogenic-sediment has more

than 30% siliceous microfossils. Siliceous-biogenic-sediments are distinguished from a calcareous category by a calcium
carbonate content of less than 30%.
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For a pelagic-biogenic-siliceous-sediment with ~30 to 100% siliceous fossils, the following terminology is used:

1. Soft: Siliceous ooze (radiolarian ooze, diatomaceous ooze, etc. depending on the dominant fossil component).

2. Hard: Radiolarite, diatomite, chert, or porcellanite. The term ““chert” in the past has been used in a very broad
sense to designate almost any form of recrystallized silica. The term porcellanite {which had a very broad usage
in the past) will be used here to refer to “/low density, more or less porous and dull-lustered varieties of ‘chert’
made of opaline silica or cristobalite...”” {Lancelot, 1971). Chert used here will have a narrower scope than that
of past usage, and will refer to ""hard nodules and sometimes beds, that are largely quartz and/or chalcedony,
and show a conchoidal fracture and a vitrous luster...”” (Lancelot, 1971).

3. Compositional Qualifiers. Diatoms and radiolaria may be the principle components, thus one or two qualifiers

may be used, for example;

Indeterminate siliceous fossils:  Siliceous ooze,
Chert, or
Porcellanite

Radiolaria only: Radiolarian ooze, or
Radiolarite

Diatoms only: Diatomaceous ooze, or
Diatomite

Diatom < radiolarians: Diatomaceous radiolarian ooze, or

Diatomaceous radiolarite

Diatom >radiolarians: Radiolarian diatomaceous ooze, or

Radiolarian diatomite

The order of the two modifiers in the terms is dependent on the dominant fossil type. The most dominant

component is listed last and the minor component is listed first.

Terminology for the pelagic clay transition with diatom-sediments is as follows:

% BIOGENIC
SILICEQUS
FOSSIL PARTICLES % CLAY
<10 >90
30to 10 70 to 90
60 to 30 40 to 70
100 to 60 0to 40

LITHOLOGIC TYPE

clay:
claystone:

diatomaceous mud:
diatomaceous mudstone:

muddy diatomaceous ooze:
muddy diatomite:

diatomaceous ooze:
diatomite:

soft
hard

soft
hard

soft
hard

soft
hard

Other terms may be substituted for the terms diatomaceous and diatomite, respectively, as follows: 1) radiolarian and
radiolarite if radiolarians are predominante, or 2) siliceous or chert if the fossil type is indeterminate.
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We have divided the component frequencies into four major groups:

<30%
10-30%
30-60%
>60%

NCG1505 502

These boundaries have been used for both calcareous and siliceous components, and thus depart slightly from the SPPP
panel’s classification, which employs only one major subdivision (50%) in the biogenic siliceous sediments:

<50% siliceous fossils = siliceous mud
>50% siliceous fossils = siliceous ooze

To be consistent we choose to subdivide both siliceous and calcareous pelagic facies in the same way.

PELAGIC-BIOGENIC-CALCAREOUS-SEDIMENT

Pelagic-calcareous-sediment is distinguished by a biogenic CaCO4 content in excess of 30%. There are two classes:
1) Pelagic-Biogenic-Calcareous-Sediments which contain 60 to 100% biogenic CaCO3 and 2) Transitional-Biogenic-
Calcareous-Sediments which contain 30 to 60% CaCO3.

1. For the Pelagic-Biogenic-Calcareous-Sediment with 60 to 100% CaC03 the following terminology is used:

a. Soft: Calcareous ooze

b. Firm: Chalk

Hard and cemented: Limestone

. Compositional Qualifiers: If nannofossils and foraminifers are the principal components, then one or two

qualifiers may be used, as in the following examples:

Indeterminate carbonate fossils:
Calcareous ooze,
Calcareous chalk, or
Calcareous limestone

Foraminifers (0-10%) - nannofossils (90-100%):
Nannofossil ooze,
Nannofossil chalk, or
Nannofossil limestone

Foraminifers (10-25%) - nannofossil (75-90%):
Foraminiferal-nannofossil ooze,
Foraminiferal-nannofossil chalk, or
Foraminiferal-nannofossil limestone

Foraminifers (25-50%) - nannofossils (60-75%):
Nannofossil-foraminiferal ooze,
Nannofossil-foraminiferal chalk, or
Nannofossil-foraminiferal limestone
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2. The Transitional-Biogenic-Calcareous-Sediments with 30 to 60% CaCO3 are termed marl or maristone as follows:

a. Soft: Calcareous marl,
Foraminiferal marl, or
Nannofossil marl

b. Hard: Calcareous marlstone,
Foraminiferal maristone, or
Nannofossil marlstone

Note that the use of the terms marl or maristone differ from the SPPP panel’s classification. The panel’s
classification used marly as an adjective to coze, chalk, or limestone (e.g. marly limestone) to denote sediments

which had 30 to 60% biogenic carbonate.

Terminology for the pelagic clay transition with the nannofossil sediments is as follows:

% BIOGENIC
CALCAREQUS
PARTICLES % CLAY LITHOLOGIC TYPE
Oto 10 90 to 100 clay: soft
claystone: hard
30t0 10 70to 90 nannofossil mud: soft
nannofossil mudstone: hard
60 to 30 40to 70 nannofossil marl: soft
nannofossil maristone: hard
100 to 60 Oto 10 nannofossil ooze: soft
nannofossil chalk: firm
nannofossil limestone: hard

Other terms may be substituted for nannofossil, such as: 1) foraminiferal, nannofossil-foraminiferal, foraminiferal-
nannofossil, if foraminifers are present in the percentages as discussed, or 2) calcareous if the fossil type is indeterminate.

Terrigenous Sediments

Terrigenous sediments are distinguished by a terrigenous component in excess of 30%, and siliceous and authigenic
components, each less than 10%.

Sediments in this category are subdivided into textural groups (by smear slide estimation or grain size analysis on the
basis of the relative proportions of sand, siit, and clay. The size limits are those defined by Wentworth (1822). Textural
classification follows the triangular diagram of Shepard (1954) {Figure 9).

The transition between pelagic and terrigenous sediments are termed hemipelagic. This is the dominant type of sediment
encountered during continental margin drilling. As such it is treated separately.

Hemipelagic Sediments

Hemipelagic sediments are distinguished by a terrigenous component in excess of 30%, a total non-biogenic component
in excess of 40%, and a biogenic silica content in excess of 10%. Besides the terrigenous component, hemipelagic sediments

26



MGG

Figure 9. Textural classification of clastic sediments (after Shepard, 1954).
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are usually rich in biogenic silica (usually diatoms because of coastal upwelling) and volcanic ash {predominately along
active margins). The classification of these sediments in terms of the dominant components can be represented by a
pyramid in which the peak and each corner represents 100% of a specific component: 100% sand at the peak; 100% silt
and 100% clay at diagonal corners of the base; and 100% biogenic silica and 100% ash at the other diagonal corners of the
base. As such, Shepards textural classification (1954, and Figure 9) would be represented by the plane passing through the
points for 100% sand, 100% silt, and 100% clay.

The plane of the base of the pyramid {Figure 10) shows the classification of sediments with less than a 10% sand com-
ponent. Such sediments are the dominant type found on most continental margins and thus the classification in Figure 10
is broadly applicable. The percentage silt and clay used in the diagram (Figure 10) refers to only terrigenous components.
Authigenic minerals, ash, and biogenic particles are not included.

For biogenic opal contents greater than 10%, the dominant siliceous biogenic component should be used in the name.
Since diatoms predominate in these sediments, we have used the terms *’diatomaceous’ and ‘diatomite” in the diagram
(Figure ). However, where other biogenic siliceous components dominate the terms radiolarian, radiolarite, spicular,
etc., may be used.

Components such as sand, diatoms, radiolarians, spicules, ash, etc., may be used as qualifiers to the original sediment
description if their abundance is 10 to 30% of the sediment, for example:

Clayey Vitric Diatomaceous QOoze
Diatomaceous Sandy Silty Claystone
Diatomaceous Vitric Silty Clay
The textural part of the classification should always be grouped. For example one should not use:
Vitric Clayey Diatomaceous Qoze
Sandy Diatomaceous Silty Claystone
Within the textural group and the component group the modifiers are listed in order of increasing sedimentary abundance.

Volcanogenic Sediments

Pyroclastic rocks are described according to the textural and compositional scheme of Wentworth and Williams (1932).
The textural groups are:
>32 mm - Volcanic breccia
32 mm- 4 mm - Volcanic lapilli
< 4 mm - Volcanic ash (tuff when indurated)
The composition of these pyroclastic rocks are described as vitric (glass), crystalline, or lithic.
Sediments rich in ash are described in the following manner:

% Ash Soft-Sediment Indurated
0-10 Mud Mudstone
10-30 Vitric mud Vitric mudstone
30-60 Muddy ash Tuffite
>60 Ash Tuff
QUALIFIERS

In general, sediments containing various constituents in the 10 to 30% range may be identified in the name of sediment
such as vitric diatomaceous mud or vitric muddy diatomaceous ooze. If more than one such qualifier is used, they are
listed in order of increasing abundance in the sediment.

CARBONATE BOMB

Percent Ca003 was also determined onboard ship by the “Karbonate Bomb” technique (Miiller and Gastner, 1971). In
this simple procedure, a sample is powdered and treated with HC1 in a closed cylinder. Any resulting CO2 pressure is
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Figure 10. Hemipelagic sediment classification for use on Legs 56 and 57.
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proportional to the CaCO3 content of the sample. Application of the calibration factor to the manometer reading (X 100)
yields per cent CaCO3. Per cent error can be as low as 1% for sediments high in CaCOs, and in general an accurary of +2

to 5% can be obtained.
These data are presented on the Core Forms. The sample interval is designated by twonumbers : the section number,
followed by the top of the sample interval, for example: a sample from Section 2 from 11 to 12 cm with 90% calcium

carbonate will be present on the core form as follows:

CARBONATE BOMB
2,11-12cm = 90%

CARBON-CARBONATE ANALYSIS

Following the cruise, sediment samples were analyzed at the DSDP sediment laboratory on a LECO WR-12 Carbon
Analyzer. Sample preparation procedures are identical to those used with the old LECO 70 Analyzer as outlined in Boyce
and Bode (1972} and Bode (1973). Discussions of the LECO WR-12 Analyzer are in Bode (in press). Accuracy and
precision of the results are as follows:

Total carbon +0.3% (absolute)

Organic carbon +0.06% (absolute)

13% (absolute)

CaCOg

The carbon-carbonate data are presented on the Core Forms. The sample interval is designated by two numbers: the
section number, foliowed by the top of the sample interval, for example: a sample from Section 2 at 45 cm with 0.8%
total carbon, 0.6% organic carbon, and 2% calcium carbonate will be presented on the ‘Core Forms as follows:

TOTAL C — ORGANIC C — CARBONATE (%)
2,45cm (0.8, 0.6, 2)

GRAIN-SIZE ANALYSIS

Distribution of sand-size, silt-size, and clay-size particles was determined from 10cc sediment samples at the DSDP
sediment laboratory by standard sieve and pipette methods (Appendix 111, of Volume 1V, Initial Reports of the Deep Sea
Drilling Project, p. 745 with modified settling times as in Boyce, 1972). The sand, silt, and clay boundaries are based on
the Wentworth (1922) scale. Thus the particle size of the sand, silt, and clay fractions ranges from 2000 to 62.5 um, and
less than 3.91 um, respectively.

Grain size data are presented on the Core Forms. On the Core Forms the sample interval is designated by two numbers:
the section number and the top of the sample interval within that section, for example a sample from Section 2 from
11 to 13 cm with a grain-size distribution of 20% sand-size, 30% silt-size, and 50% clay-size will be presented on the
Core Form as follows:

SMEAR SLIDE SUMMARY

2-11
Sand 20
Silt 30
Clay 50
etc. etc.
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BIOSTRATIGRAPHY

Biostratigraphic studies of Leg 57 material were still in progress when the Leg 57 Initial Core Descriptions were
compiled. Consequently, biostratigraphic boundaries given herein are tentative; although no major changes in age
assignments are anticipated, some boundaries are likely to be adjusted prior to publication of the Initial Reports for

Leg 57.
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Distribution of Deep Sea Drilling
samples for investigation will be undertaken
in order to {1} provide supplementary data
to support GLOMAR CHALLENGER sci-
entists in achieving the scientific objectives
of their particular cruise, and in addition to
serve as a mechanism for contributions to
the INITIAL REPORTS; (2) provide indi-
vidual investigators with materials to con-
duct detailed studies beyond the scope of
the Initial Reports; and (3} provide the
reference centers where paleontologic mate-
rials are stored with samples for reference
and comparison purposes.

The National Science Foundation has
established a Sample Distribution Panel to
advise on the distribution of core materials.
This panet is chosen in accordance with
usual Foundation practices, in a manner
that will assure advice in the various disi-
plines leading to a complete and adequate
study of the cores and their contents. Fund-
ing for the proposed research must be
secured separately by the investigator, It
cannot be provided through the Deep Sea
Drilling Project.

The Deep Sea Drilling Project’s Cur-
ator is responsible for distributing the sam-
ples and controlling their quality, as well as
preserving and conserving core material. He
also is responsible for maintaining a record
of all samples that have been distributed,
shipboard and subseguent, indicating the
recipient, and the natures of the proposed
investigation. This information is made a-
vailable to ail investigators of DSDP ma-
terials as well as other interested researchers
on request.

The distribution of samples is made
directly from one of the two existing reposi-
tories, Lamont-Doherty Geological Observa-
tory and Scripps Institution of Oceanog-
raphy, by the Curator or his designated
representative,

1. Distribution of Samples for Research
Leading to Contributions to Initial
Reports

Any investigator who wishes to con-
tribute a paper to a given volume of the
Initial Reports may write to the Chief
Scientist, Deep Sea Drilling Project {A-031},
Scripps Institution of Oceanography, Uni-
versity of California at San Diego, La Jolla,
California 92093, U.S.A., requesting sam-
ples from a forthcoming cruise. Requests
for a specific cruise should be received by
the Chief Scientist TWO MONTHS in ad-
vance of the departure of the cruise in order
to allow time for the review and considera-
tion of all requests and to establish a suit-
able shipboard sampling program. The re-
quest should include a statement of the
nature of the study proposed, size and
approximate number of samples required to
complete the study, and any particular sam-
pling technique or equipment that might be
required. The requests will be reviewed by
the Chief Scientist of the Project and the
cruise co-chief scientists; approval will be
given in accordance withs:he scientific re-
quirements of the cruise as determined by

the appropriate JOIDES Advisory Panells). -

If approved, the requested samples will be
taken, either by the shipboard party if the
workload permits, or by the curatorial staff
shortly following the return of the cores to
the repository. Proposals must be of a scope
1o ensure that samples can be processed and
a contribution completed in time for publi-
cation in the Initial Reports, Except for
rare, specific instances involving ephemeral
properties, sampling will not exceed one-

quarter of the volume of core recovered,
with no interval being depleted and one-half
of all core being retained as an archive. Ship-
board sampling shall not exceed approxi-
mately 100 igneous samples per investigator;
in all cases co-chief scientists are requested
to keep sampling to a minimum.

The co-chief scientists may elect 1o
have special studies of selected core samples
made by other investigators. In this event
the names of these investigators and com-
plete listings of all materials loaned or dis-
tributed must be forwarded, if possible,
prior to the cruise or, as soon as possible
following the cruise, to the Chief Scientist

SAMPLE DISTRIBUTION POLICY

Deep Sea Drilling Project/International Phase of Ocean Drilling

through the DSDP Staff Science Repre-
sentative for that particular cruise. In such
cases, all requirements of the Sample Dis-
tribution Policy shall also apply.

If a dispute arises or if a decision
cannot be reached in the manner prescribed,
the NSF Sample Distribution Panel wili
conduct the final arbitration.

Any publication of results other than
in the Initial Reports within twelve {12)
months of the completion of the cruise
must be approved and authored by the
whole shipboard party and, where appropri-
ate, shore-based investigators. After twelve
months, individual investigators may submit
related papers for open publication provided
they have submitted their contributions to
the initial Reports. Investigations not com-
pleted in time for inclusion in the Initial
Reports for a specific cruise may not be
published in other journals until final publi-
cation of that Initial Report for which it was
intended. Notice of submission to other
journals and a copy of the article should be
sent to the DSDP Chief Science Editor.

2. Distribution of Samples for Research
Leading to Publication other than in
Initial Reports

A. Researchers intending to re-
quest samples for studies beyond the scope
of the Initial Reports should first obtain
sample request forms from the Curator,
Deep Sea Drilling Project (A-031), Scripps
Institution of Oceanography, University of
California at San Diego, La Jolla, California
92093, U.S.A. On the forms the researcher
is requested to specify the quantities and in-
tervals of the core required, make a clear
statement of the proposed research, state
time required to complete and submit re-
sults for publication, specify the status of
funding and the availability of equipment
and space foreseen for the research.

In order to ensure that all re-
quests for highly desirable but limited sam-
ples can be considered, approval of requests
and distribution of samples will not be made
prior to 2 months after publication of the
Initial Core Descriptions {1.C.D.). ICD's re-
quired to be published within 10 months
fallowing eachs.ruise. The only exceptions
to this policy will be for specific instances
involving ephemeral properties. Requests for
samples can be based on the Initial Core
Descriptions, copies of which are on file
at various institutions throughout the world.
Copies of original core logs and data are
kept on file at DSDP and at the Repository
at Lamont-Doherty Geological Observatory,
Palisades, New York. Requests for samples
from researchers in industrial laboratories
will be handled in the same manner as these
from academic organizations, with the same
obligation to publish results promptly.

B. {1} The DSDP Curator is au-
thorized to distribute samples up to 50 ml
per meter of core. Requests for volumes of
material in excess of this amount will be
referred to the NSF Sampie Distribution
Panel for review and approval. Experience
has shown that most investigations can be
accomplished with 10ml sized samples or
less. All investigators are encouraged to be
as judicious as possible with regard to
sample size and, especially, frequency with-
in any given core interval. The Curator will
not automatically distribute any parts of the
cores which appear to be in particularly high
demand; requests for such parts will be
referred to the Sample Distribution Panel
for review. Requests for samples from thin
fayers or important stratigraphic boundaries
will also require Panel review.

(2) If investigators wish to
study certain properties which may deteri-
orate prior to the normal availability of his
samples, they may request that the normal
waiting period not apply. All such requests
must be reviewed by the curators and
approved by the NSF Sample Distribution
Panel.

C. Samples will not be provided
prior to assurance that funding for sample
studies either exists or is not needed. How-
ever, neither tormal approval of sample
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requests nor distribution of samples will be
made until the appropriate time (Item A},
If a sample request is dependent, either
wholly or in part, on proposed funding, the
organization to whom the funding proposal
has been submitted any information on the
availability {or potential availability} of
samples that it may request.

D. Investigators receiving samples
are responsible for:

(1) publishing significant
results; however contributions shall not
be submitted for publication prior to 12
months following the termination of the
appropriate leg;

(2) acknowtedging, in publica-
tions, that samples were supplied through
the assistance of the U.S. National Science
Foundation and others as appropriate;

{3) submitting five (5) copies
(for distribution to the Curator's file, the
DSDP Repositories, the GLOMAR CHAL-
LENGER's Library, and the National Sci-
ence Foundation) of all reprints of pub-
lished results to the Curator, Deep Sea
Drilling Project {(A-012), Scripps Institution
of Oceanography, University of California
at San Diego, La Jolla, California 92093,
US.A.;

{4} returning, in good condi-
tion, the remainders of samples after termin-
ation of research, if requested by the
Curator.

E. Cores are made available at re-
positories for investigators to examine and
to specify exact samples in such instances
as may be necessary for the scientific
purposes of the sampling, subject to the
limitations of B (1 and 2) and D, above,
with specific permission of the Curator or
his delegate.

F. Shipboard-produced  smear
slides of sediments and thin sections of
indurated sediments, igneous and metamor-
phic rocks, will be returned to the appro-
priate repository at the end of each cruise
or at the publication of the Initial Reports
for that cruise. These smear slides and thin
sections will form a reference collection
of the cores stored at each repository and
may be viewed at the respective repositor-
ies as an aid in the selection of core samples.

G. The Deep Sea Drilling Project
routinely processes by computer most of
the gquantitative data presented in the Initial
Reports. Space limitations in the Initial
Reports preciude the detailed presentation
of all such data. However, copies of the
computer readout are available for those
who wish the data for further analysis or as
an aid in selecting samples. A charge will be
made to recover expenses in excess of
$50.00 incurred in filling requests.

3. Othar Records

Magnetics, seismic reflection, down-
hole logging, and bathymetric data collected
by the GLOMAR CHALLENGER will also
be available for distribution at the same
time samples become available.

Requests for data may be made to:

Associate Chief Scientist,
Science Services
Deep Sea Drilting Project (A-031)
Scripps Institution of
Oceanography
University of California
at San Diego
La Jolla, California 92093

A charge will be made to recover the
expenses in excess of $50.00 in filling
individual requests. If required. estimated
charges can be furnished before the request
is processed.

4. Refarence Centers

As a separate and special category
samples will be distributed for the purpose
of establishing up to five reference centers
where paleontologic materials will be avail-
able for reference and comparison purposes.
The first of these reference centers has been
approved at Basel, Switzerland.

Revised 9/28/76
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Date occupied

Date departed

Time on hole

Position:  latitude
longitude

Water depth (sea level)

Water depth (rig floor}

Bottom felt at

Penetration

Number of holes

Number of cores

Total length of cored section

Total core recovery

Percentage core recovery

Oldest Sediment Cored
Depth sub-bottom
Nature
Age
Measured velocity

Principal Results:

See 438B Site Summary Sheet,

SITE SUMMARY SHEET
SITE 438

October 19, 1977

October 19, 1977

1 day

40°37.75'N

143°13.90'E

1552 corrected meters, echo sounding
1562 corrected meters, echo sounding
15657.5 meters, drill pipe

109.5 meters

1

12

109.5 meters

81.9 meters

75%

109.5 meters

Olive greenish mud
Lower Pliocene
1.6 to 1.8 km/s

34



1.
e

[

-1 -
L

Yoo

LY da

P GIoA orloolna
, FEORES emsns sy
- .z e @ oz sz samwns suods iR
- 4 5 ) K Wl Hi El SuRLRIDINeY I
St s 1 Gt ol 5 oL £y swo -
L b 1 < - - 1 “dadsun qued N
[T 3 T - .
W~ 4 = =g o _ role oy
96 08 OL O S TS Z1 o g meboweop . T
- - oy -3 €& 0z ot kg oL 08 Avig — — w 4dl
-z ¢t & € ¢t 6 £ O B Smuiw ANesH o k 3
- - W WL - WL WL~ = BN ’ N 2
- oL € st 3 0z I3 £ [+4 g Jedspiay . L. W
v [} (4 0z a2 0z }'14 . of E RN ] W
- - 08 09 it S g% 89 oy 09 ARE) _ - 3
- -~ & S 09 oL 9z 8 O SE ws r B3
- - & s € s o ¥ 0 S pusg oL -
29 0L1G L¥S EZL¥ BLF Piv BLE E6T POLY L )| — —
< € < 3< 2020 o 3<8< 29 -
§ofEsisavazisaids iy [ E s o
§ ¢ gFgilisl iisl il gl - o
¥ & *o P%op Ba g ey
g7 BY £ Es m w . 3
[ - S §3 w g 8 N
: g 3 #% F2 HES I anuym A6 '3 L] L H
LI | £ % “sioaod pue ssaAs] &2l g
¥ e e As “Apues r ' £ [ MLt senos abuods
AUYWANS F01TS HYANS s18%90d yst = [} z 1 z i sugLe(oIpEy
respyauyy | E2H - 1 st 1 o o sworeid
- - ' v -z awuoqR)
— TR ' s ' siepusweI0y
%ZL = WIEEIE'E s - s - ' Al
AWOE 11YNOBHYD v r v V) by - - - z > oedsun qied
R - m "4 ] 9t S Gl sseiB oquedton (£)paonpu1 Buyjup
13 6'L) WGE 'Y - b > 34 - ze oz \£ 8L 17 Aey Ajqissod ‘premumop
(807, "G WO LUL 2 e - 3 48 iy o z " £ g Sjeseutw Aeayy asgaiou) oz(s BIRIB _ [=— T 5] S WYl
(%} 3LVNOAHYD ~ 3 DINVDHO — 9 TVL0L v [ - % 212 - - £ - eI P Apuesiasieo) A — o
7} — - 5 8lm o oL z G L sedsple _ 5 - .m
“PBIEOIPU) 5B 518930 10 SIBAR] YSE |RUOISEI0 38 I m ] oz w I o L werg || | e =l E .
“sqopq ansAd *10p0 ST “prLu AL ATYBYS OF s snos L - 2 ot 4 9 o a5 Aoy A aion | g%
~uBBOWOY (Z/§ AG) AR BALIO HIEG 1D NIUL WO § G LOANS L] ..H%l,._\“ I 0 oL 9 4 o us ngigilpilpviipabis B 8
seIB-ATIB W aM il z € o 8 o G purg PR et - g
*(5N0Be WOl p) PRU USe ojuEdjos JO pod 6L - - € We we o8z el P R P [ niipdivetiopiigpti H t m. DY
Ajis *Apues 01 s pawwojap AYBIH W 0G1-09 'y UORDIS L 55 89 8 Wm 3 < r
- 2 8 ¥ 3 : - o dd
yoR1q ARIB HEP (U0 | >) 1e ) r 3F 2§ Gi# w £f : e _ o @ ]
48Ae] pUS pouIRiB-aut) OM) *(UIE4) UOIEUILEY [BUOISEI00 \ C ov| |, & §p “iz iy 22 vz [ [ A ]
(M11S ARUBIS) PO (2/y AG) ARIG BAIIQ) 11 DG-OT ¥ UOH9S smewnp Eu_u_.. ﬁ - o 8! 5 mw 5 m.w IIIIII ot w
8|
- ® g = £ 5% 5
“(pues paurea-aul} w0 - pganS .xun ' m .W ) 2’ m
s APUES (2/€ AG) ABJD SAII0 SIBQ (L0 020 ¥ YOS o\, 0 s ox Rese(B “papesins W = o 3 = AHVWAINS J01S HYINS y m
“suawBai ofund “AB 3 - H s
“pues pauteib-auty pue $12x00d [RUOISE0O0 PR - OV %G} =WIEHLY'E Z|r
{snosarwoleIp) ApLES/ANIS {2/ AS) ARIE BMQ g UORDES WEI00 puBs | T - (4 4 AWOE 3LYNOEHVD T dd DV~ m
uy eseaiou) WIS SR otinetins - m {dd!
etuce o Apuss L - 38 (7'9°0°3°0) WGy 'z > |48 g
pies Uy SUORELIEA 0} 9nD BUIPPE] Jule) POGIMISIP AKBIH 1% 3LVNOGHYO — 3 DINVOUO — 9 IVAOL g m
“PIEMUMOP $95E3109 10D PUBS ‘DAL (SNORRWCIEIP b & z
3031} Aljts/ApURS peutesB-ouL 4 (WO OGL-09 ‘Z UOIeS (o] e300 o et 03 A28 et “(soey =
1101 1M B by W g sBump
[zeouequnysip BuliLp — popesd — WNWIXEW ‘POPUNOIONS ‘PRIRIOS! ‘LIBA ABMO| U] SRIGTSd
AUBIIS) 22jnBUEGRS D) POPUNOINS SUED (PaLIos A)100d) il o
pues Appnus 81807 1D O ' UONOIS - WA OZ ) 'L UOND9G _ - ..H_ 1P AQ PaIGNIID AlGRdo1d s10Ae| [PulBLIO) pues l=lof
Lo - PouRIB-28IR0D 01 -WINIPEW JO SPOC 40 532%00d (BUOINO Pe)
*{Jataelp W | WnuiXei} awnd (Je3auieip ke N = t l|Of !
LUnWIXew W G ‘PAPUNCIGNS ‘PALE(OS!) $91qqad (UOISEII0 nw [ co “uO138qINI0IG o BuIpPeq P|qeziuboon oN 'PeLIos Acod o
{2/ AG) A®ID BA1O {SNOGORWOLEIP ‘SHI3IA) PRI APUES *ALis - “PR Uy PUES POUIRIB-ESIRGD O3 -WINIPILI {SHORIRWORID
uB pues Appaw paurea-auly “AANog 1wd 0Z1-0 'L HONIES i 10 - “o11A) PO, ADuE 2/t L/ AG) ABID 9810 PR AR Yieg Q[
O o [ i
— o|®iz|a - gl=|l2z|m -
SR MEHEEEREEE sins AREBEEEREE
ozl z =l |3 2l pinolcm RoCzlen z =] |3|"| 22|58 gm
3530 H1O0IOHLI PoeEEtlhooomn [ 3121 |E| [8]&[235) 2} NOILIND$3a DIDOTOHLN reaEEzasotonnn | T 121 |21 |§|F[25] 2}
NOILdIADS30 3 8524 oinavas | B |5 SREt SEZ[EA dindvae | B |2 m2l3g
O 0
=" wilovavkey | | R =i daovavHy | < R
115504 115504
wgpl-0'§ 1VA¥ILNI aI¥0D Z Y00 110K s8ey 3lIS wp's00 TVAYILNI IU0D L 3WOD 3TOH sey LIS

35




1921 [wojdu |wa 33| do|wdlwy
"AHIAQOIH ON W G250°Ep ‘9 240D :TLON QoA - L "AYIAGDIY ON (W GEE0'PE 'Y 9402 :ILON L 2
H
¥4 ES
1M3WRIP WO |~ anuind e saqgad S_@ g 3 Zpeerse 8% @
® 7 [ A 1 3
Ay W g~ (a1uodne(5 u) LU “spues 3sozLenb AYis) 120 anjssew ‘pauress <
513AE| pauIRS J3SIROD (| N) ¥O2|] PALLIOLEP [BUCISLING ~ L L ML £ 7 £ senoidssbuodg “51600 ‘sP1110y OV 3
9 ot L omL s L L sueueiopey o 9 8
X L £ oL 82 ¢ t [ swoleiq aueator E{o;um B
[ Lo % T oo acenoamen 10 yse anym-Aeif 2
3 R TR L sepuaesoy sutes aopund mojjeA
¥ - -z - - sniAg
z El - - £ L suuoanerny
08 ) oL - 3 z I3 sse1B Jiuedjon
oL (43 oy H1 [a3 95 8z
Ov - 5 oL - 4§ g5 G SiRIAUI Anea)
saunu Ansars
9199d an1ueyde - - - s - - ui B Lo
u3815-ARIE 161 o 81 o 0T § S § a4
W u s s o ps Doy oy owe oy
€ - L sueuejoipey neyde Aeib yiep e N s 48 Of 0z G 08 DB Gz Ob s s
- z 51 swoieig 1d 05 05 s or z 8 O pusg Hd
- - - gadsun quey Papunaigns 969 999 911G /6% BLI'E SYE IOL EEl
z siajiuiLeioy -renfiveqns ‘istawe <
- wo g "avwind Liaiawe 29 o< BD 2Q 20 BU
- - g Dt | L LRI BRI R T
8 o anuoanern aew L ®§ B &
E —  sseb awedton ut Buneoyy papuncs | VEL] ofe SIS ' w ‘ mw o
- Hl - APID “atawelp wo g-| sagqad AR : )
(8HIGL g —~  sjessuiw AneaH  dhueyde Aesb Limaweip o1t 2|3
s o G o W | ~ Wawhes} pooM M & AHYWANS 10175 HYINS
RS (1115 Apues ‘zugnb
ot 51 ol sedspiay v HIE] - ‘WOMEIP) W G AR
74 or ot zZHeny ! o puRS pauieJ6-auy 14 [ad
sz o ov Aoy B H . 2% 3
[ 0e oz ws |3 a k0L = PLEL B Sg|r m R
gls bt W08 3LYNOEYYD st |l - o
sv o oy purg “|3 z| = (vouy 815 |8 -
y r . = . IS
1Z19 vib9 el N|m @LrLgn Wy 6'a Wwopoxel 3133 2l
tx 2g g9 a4 8°1°)'07) wo oL podsar 213 F S g
38 §7 2§ w (%) ILYNOGHYD — 2 DINVOHO — D TWLO0L ! 1] o
52 Sa 3§ m 3| F Q
mm m m \w, 3 z “PUBS PaueIB-WN|pPaL O3 -8uly ALIB-URDIE 2 m z
E T EE & (o] o 3A110 PIPEIB AJ3LBIIS 0 PAPRID (0D ML WO O} | ‘G LONDAS S o m
H B < fe} £ £
=5 :
AW g 5 um ‘Wo Gt AJ[EUOISEITC *ISIBWEIP W | 01 AN {¢IIURDI0A PRUIRIB 4d
WA 4201 A1t1UBYCE ARIB Yiep o
&0 (Bunteo|;-aneLa) sajguad ‘STano0d pauIRib-auly (LA *snoase 48
AHYWINNS 3C1TS HYIWS WolEIp) AeB-UAIB LM pRw Apues A1S “(2/6-2/% AG) ABIB
. o] ANIIOHEP 01 ARG 30 (W (0L 'Q UDNISG - Wa 0| 'G UONIG
%40 = WO GOEY "G o
es
AW0R 3LYNOBHYD o “JUAIL0D PUES Uy ASeAIAR/ASRAIII 1YBYS AY poneib ot oy
. & paziseydwa BuIppaq (Z/1 AG) PALW APUES AL{IS PUB PR pappsy o winipEw
{0°6'0°60) WOOLL'G o) Aluey ©1 SNCAUABOWIOH (WD O '§ UOHDAG - WD QL "t UONDAG
0141 wo0s p
(%) I1YNORHYD — D DINVIYO ~ D IVL0L o) z “512%000 115 711END z
[P —— o) M 310430] SE PR WS O P LORIAS - WA O] 'S UONDIS
0L (1/Z AG) %984 9A10 AL(IS 1 PaLIOS ALIOOd 01 1esapoly o » Y|
1zt AS) ARIB 280 0Bda) Ou ‘pues imaweip w gg m (A
aqqad auoIspUTs L3Ne} 8 s13Ae| PUES LIY2 *YDE-Uaalt SBQ) (WD 0OL-EL ‘E UONIIS
papunos “a|geLs o o
3 “pues paute)b-suy 50 1830d
>
fe) < YIM {2/ AG) AR 8A110 D13LIAD (SN 38 APURS 03 Al B
o o m Paunejap A1y "PapPag AL (Ui £7 'E U0NDG - g UONIIg
2 lwa 39
fe) v 4 i “{ZO1UED[OA jaYIBMARIB) DLBYCE PUB ARIB 3ieD AIE Sise|) ' 48
o s 4d “$pad PURS PaUIRIB-ak1 | *S1%IOH LSE [BUDISEI0
so a_sﬁm o] {1BU U] SNOB3EWOIEIP) BISA YA (AL1is ApyBls) P
[e) $N0BUBBOWOK *(Z/E£-Z/ AS) ARSB aA11D 1P 01 ARID 3410
o noybno. anAd — buuade uo 1opo g€ 1| uondeg
QOlm| 2™
| s Lo - Slm|2z|m
= 4 = Q| = — ot o =4 -,
Ezmol o |38|Z18]1.2 = gl Pl wl 1218|281 2 3
E=i2n 2 im adle »|NO i it 1 z ~ z
22RZST s oromn | T (O] 2] |BlE[0w]ZT =ofRzicr 2 18| lg|"|z|zl0alcm
o mey omiZZ| AD OTOHLIT = o Z1
NOILdI3353d J1D0TOHLI "0eD (=S o |2 @ G|NZl = NOI 14139530 JI9CTOHLIT mo 2m3Z| a2 & Qlalz=| Z
21=%5127 d1Hdvao | = O mm =8 QI dindvas | ® (D mal o2
“FeR ramvavis | 3 @ AlmiZ s |z 570
o \m e -
= o o ¥ILOVAVHD o
115504 B 15504
WOeErgee TVAYILNI Q340D g 3302 ERT-TTIE- T TTH Woyzgpl IVA¥IING GIVOD € 3302 310H ger LIS




[ S 3 pv[oo| 8 |8 Luonseg pus [ gz - ) 9v|90| 9|8
pautesf [ iy S B z (Ww Z) suswbesy sund gy b z
-ouyy “yse AeJ5 ani ).N.n | IR (ww g) wwaLbely yse gy £ 3
|PN-ON) ARG WD 7 it R ABD ALIS SnOBDRWOIEIP BZ-L L
aebzenowwz | | w!ll%ln;ﬁd.( F (Z/6 AG WO g} Paq se aweajon T
pups ssozrEnt ~ =T n01) 521020 Ae16 (WO E) |0 -
$N0BDEIIW PaLIIEIB ke a b . (W5 2~} 13000 pues $—
WA peW YOE[Y B0 W g v6 G
e et i 9 g
....... -
(o] Ertipienkl gt ol iR 8 P
T ' Suswbe L
Oprmm-- Mt - g € & ¢ 8 yse 3408 {ug | -
L i - - HL - =Wl -
s — - o~ 14 9 az (x4 g oE -
o —
oF == s SOOI DD g v -
I zoTow B o
A .- - - IO oty -
le) 6 9§ ¥ = ML B owedcA 9L 1
- 8 B 08 S &¢ v f
- = € HL ML WL siesuiw Aseay I
o 5 s SRR - s
s1ax90d yse ABiB u y -y [
S15E[D S 1{j(dR] JIDIAWEIP W G = A 9] m.m M wm M m_.“ mm I
PayRULPIIN SaIGGad Wi G-¢ = ) A & i o wm w -
3LON W ) €L Y019 SIS LES Z6% OELE & -
< 29 %9 to PO & {
anesron ¥ 159 57 57 80 2 S
_ _ - . w0 H 1§ . - g
v v ¢ sainods abuodg & .mm L I £} & L ES
_ _ — N suenejopey nax%000 yse @ o i H r g
o 6 1z swoieg oMM/ ABI 1B o H = S
\ _ - © oedsun -gien ez S~ - HE
¥l - - $1%00d yse %o8(q 14 2|z [ - v 3ie <
_ . . aagad & |3 3 {wis 2) aj9qad xoeiq - g[8 3
- . - auuoonein PayIUAPIN Wiy g N g s 2|53 § g 2 z
5 5 ; s r g
z oL € L oosel u_cmo\,_o> (sl “ m nNlR = = oL & § QL tenods sbuodg T K =
€5 oz 95 55 €1 103000 Use oetq o|% S == ML - Wl ML sueueopeg - Y <]
¥l vl - L SiRidunw Aneay . ~ g om0 o soig 3 S
8L 02 ¥l wL ] g o - - - - = wL seeoy wwz) | ggy - H g z
z ] z z Jedspia g > m I I I o = zzcu.:w E 8 m
o0 og 9 ol 280 @ g s 08 - - 0z _ sebowssion oLy -
Aoy 1pod yse yoelq 8 ~ dl sp 05 0F g¥ A -
[ T S 2 w2 B W vy -
o¢ sz 8z ot us ¢ & [y - - M - £ oW W (ww g} ()aieseq - €
aL 59 oL ot pueg 9L € & E = 5 HL - =
19 v69  1ZLY  S2iL uu_.m_ G5 b oo oo o -
g .m 3 [X-] -] oL S5 98 o S oy =
B g5 I Zs orF Wik wE s ey W -
28 3 m o f m. § s19%00d yse weq -
g g2 23§ 5183004 yse Baym r
sf 2% 3l gl sopoed 2 e 82 15 32 1781Y ie -
°f g %% MW 2 25 29 wm mW (s 2) tefpeseq r
E H a -
- Wy
) s et ! ] wan oo - 5
(2/Z AS) Y01 3N Ut = &
{Wa }) 3(qqac axoRMARIE z AHYPNNE 3AITS MV INS - z m
AYYWWNS JGITS HYAWS (15 |} aiqqad axpemdess %0 = WO ZILOLL T tges) | g
. W08 JLYNOBUYD 4016 gsiniq wiipaw | BV - -
%0 = W BL9L E {uR 1) yse gruesjon - 3
SWOB 3LYNOBHYD 3
071 e wgez (g iesea - 5
(060 '8°0} w2 001 'y mw 1%) JLYNOBHYD ~ 3 JINVOHO ~ 0IV10L C
(001 "0°L) wo 08 °€ | 1} 9zl wul g
(%) ILYNOBYYD - 3 JINVOHO — 2 T¥10L { " . Jnew den Ao A eI anle 614 -
‘ AY1s U1 BUIBOY *4a30WeIp LI 83| 40 Ww g Sajqqad (swseq] o't
el o] d Mjuryde AL %ep 40 20NuNd PIPUND [EUDISEIO :2107 U {wiw g) 3)4qad 1eseq 18 - ov]
“axoBIAR.B £ 658C) 5319050 SN P F9RIG 591 0 o . i o e R i s o L s o £ |1
Jalawep L3 | *PANUNOL JUBPLINGE plie SIoAB( 11 J0 pues o Allea0ua8 ' A£T KNS SHOSIELICIEND (Z/E AS) ABI6 3010 480 o aato aron Cco
PaULIRIB- LN PaLL O -aUiy 318 'SIBA| YSE FNYM puR g N
¥OBIQ PALANISIP FUIOS A P A1IS SNOADAWIOIEID o (o g) sowond Aesb 1y
snoauaBowioy 12400 InoybnaIyl {z/p AG) Aes6 a0 o (Wi G} {2109 Ui S1a30 |je Osie) Al yep 01 Yoryg ‘oIuRyde (£)31qqad 1[eseq ety -
Sl=|z|m -t gi®|Zix -
= = o - = NI =
% fim | 23] 2B = 5 > -
z 2P| » FEIEIH T P zx z |m 318|2]|5 |no|
2oRzic w % (3 (8|7|8[[e0] =T roaES oot | 3 181 |81 |§|z(94 2T
o=mRZl ADOTOHLIT | S e wlz- gy = (22 4 |- wlz=l <
NOI 14143530 DID010HLIT "OIEZ 24 215 @ L M T NOI 14132530 JI90I0HLT SZ[52 31 Hav 2|5 @ Y1 mm| o=
ol=Zis? diHavao | |18 - Snsiz ¥ 218 » "o
el d fa) (2]
= wilovavhd | <f 2 =im widovavHy | < 2
N 115504 115504

w
o
o
o

Wg'1-029 IVAMAINI a3¥0> 8 3WOD 310H 8cv IS W(Ze92S WASIINI G380 L 310K  8ev LIS

37




38

0] = [ovjdu|s
r ya
A aloa -
- 9
yse aueojon
{Ar}1s 1 Apues} papesb - i
V/E AS PUe /L 89 ¥l 48
Juawbess ao1und ww z P4 -
- -
- o W
E 1O -
- joct axoemARIB o G- -
e o 21ed axoemARI wo G| ok - o9)
2RO 3L (EN-GN} = [ ] {
ARJG %8P 01 winIpaw @ I § 3 (o] [ § 48
Quewbel) aouund <D - ] .
Yum sduin| yse yiep - g | O . -
I - g = O -
yse 1ueojon = C 8 =]
(1/€ AG) AwiB yuep is F Or -
- © E
2 [
F m Al aion | bl
- 48
|- < b
o M v [ 1]
v m. W - i surBwa) ysi4 .. . Wyl c
- @ k] £ sanaids sbuodg ol | I ad S
3 Zl= i sworeig SN = Wy m
yse auesjon -~ m @ W uL " ! - ov| o
1 sse|6 A -l
(1/5 AG) Aesb 8 e A hegd - 2
W M mw S|esauIw Jmﬂ A m
- ML Lz g g sinowsosuods - € IBdspioy wm_.? (o} - z
oD . - 6 z1R0D o - ® m
[ TOR - o s g - o m
- - - - - 7 C 1e urs - % L
- o Tt T e ol pues o A 3 5
UL oML o T T T e - vELZ . oFr - m S
68 06 Oy ot - e £ selBaueiop b eo o) - S
€~ v~ ge 5 ig Sesmums e C 3 r 2
T ML s 0L - &~ 9w ey C mm ‘.O g F £
A HL oz ’ hela] - N g
wLoo- ML 02 ¢z 8 & in0spio m elaged xoeq ww g [0} - §
¢ bL 1 o0z B 8L DL 7D g vEL fo) [ o
o5 0z sz £ S 09 Augy e N P x>
0 08 Oy OL 6 s¥ IE Aus X or - 3
o g o g 8 o 8 puss N 5
29 £29 TS BLS WY TTY AT B::ﬁmaﬂwam% _“_ﬁum ¥ _MM oFf C g
sigtsuigigeg e z AUVIWANS 30118 ¥VINS al’ o2 ]
HHEBERBEH 44 3 - §
LS § mmm %2 = WO BZL-BZL'E O -
gz & 2@ SWOE ILYNOEHVD of -
e Ja3aweIp wa | ﬁ? L
AUVWINS 311S UYINS aaged A UL won ‘g o] - 1
(%) ILYNOBHYD =~ 2 HINVOHO — 3 TYL0L ol r
Fo1 "SPOQ BUOISLIS (Z/ AG) HOWR WO OL-G 994U L "Paasasad le] UQ_
02’ Z') wo BEL ‘2 104 Japio | 10 AP UO PAPNIIX G UORIEG o - Ly
(%) ILYNOBHYD ~ 2 DINVOHO — 2 IV10L . C .
s1aqad Yoo |q Ww g 22 “JMBUHPAS LWL ‘XUIBW AR]D O I Lg
"Ll LUGWIPSS 19 °G ' SUOWOSS U] 20900 $J8AE] Yse Ino} Uy BunIEO 'PaPUNO [12M “S01qGR0 WD &L > EUDISEI o g
18 Be.y onund pue (i 6) seiqqad qum *5n00uabOWOoY ‘sNoESBWIOINIP PN AN (Z/4 AG) Ansb 219qed Xoe|q Ww Z beliod [
SN03UABOWON PUE SNOAIBWILIRIP TARID AL (Z/F AG) ARIB BAID BAI[O AILSOW PUR (| UORDES) (Z/E AG) ABIE 3AII0 N1EQ o -
0] -
ol=|zin o glm|z|m -
oo o =59 sleiBlQ| = = p - >151218| 2 3
g o z |, 3|2 Z|B [0 c® E ol z |m 2121213 |no 3
s2o¥e oo | T |3 [E]|B[Zles| 2% roSalzzlao0tonunn | & [0 |2 |5|Z[24| =T
HLH mOI T [eE a = ] I Rl ] NOVLAIZDSIA HDOIOHLT O[] a3 @ 4 Z»
NOILdI¥2530 19010! o5Z50) inavae | 2 |3 meZx S[EZIEAl dindvas | R |B %53
a2 v |z » Al z &
"ExR wovavas | 9| 2 2o ¥ilovavho | | 2
= 15504 1504
wges0'l8 TVYAYILNI 03300 0L 3¥0D 410H sy 3LIS WOLgSLL rIVANALNG QINOD 6 330D 110K s8tv ALIS




MGG1505 5027

sutelB sejbue » m
RILEURLENIE | Ov(92] 8
XIeWw EL]
Aeia ut buneoy (anoig
wwepunge) 155 aaiund
PAPUNOL s3jaweIp WD 7
©
8
3
saleaes 3
LA ‘Y I2P LI jUp 8 WAl
UIAD ‘MO|[2A O} ByMm » 3
SIS “az1S Uy Wi £ g 48
03 dn 2oe)d UL ‘sabunds 3
- pwom - - Y1 sarepebeyonns ‘ W »
€ z s ool €  sanods sbuadg 3s
"~ - W | sueleioipeg 3|8
2 0z 0 .. 8z swojelq 8 1%
- - 5z = seyunwesy 3
- - EE) ~  -sadsun ‘qe) 2
T8 3 - a ¥ 1 aAg g
- - B8 awuosneiy
£ 2 z o g sse|B 21ues|0A
‘ 8 09 83 W Aoy € 4y
g z z &3 H1  Sjesaunu Aseap 48,
£ - v Y o =
oy E-Th G 3 9 Jedsplay ©
SE a g o 2enp
ot o 00 2 ]
08 0z 0z 4 s
01 ol 0z ol pueg
LS OIS 0Ly 0%y LEv
Fy & T2 @ n
£2 22 iF ¢ i
g5 28 2§ & =
W 8 =3 *3 F4 g
5% 9§ =5 5 °% 4
s ] m g g
E 3 s = H
- o
g i % H
AUVINWNS 3QITS HYINS
0TL 1y wes'y
(%) 3LYNOBHYI — 3 DINVOHO — 3 TVI0L
“S1uawbesy so1wind
P3PUNCS [BUOISEINO ‘58100 SNOIARID Ut $8 uSE 3)qez1uBosa) Ou
‘PR sn0a0BWOIRIP ALYIS {2/5 AG) ARIB ar1Q “paulioyepun | Wt
Al@A(1E (A} ALaA $3WW053G PAW 10D MUY p UONDSG g
P AG Pa)}nbI1/PazIuGBOWOY A(RIAUB SUONIES BBy
14y : (anewe.be: L1 uonsad) sajgqad sanund papuncs
W g > pnw ALlis SN0adBwIoIRIp ' (7/E AGH ARIB 3AIIC YiBQ)
Olw|zlm -
>oRmice « |Z181218].5 =
S5zl 2 iml |B]%| 22|80l
4142530 JIDOTOHLIT momzzacotonu | B (G 12| 1Q1218w 2T
NOIL oSZb® Sindvae | B 2 LR EH
olmy
["=|* ¥alovavHy | S 2
1$504

221 ov|wa| 8 iy
L 48
k4 i
He
oL
POPUNOI “BINULIB JRFWEIP Wit § BHIMALIE - §
15872 aopund ‘o3 papuncs = A
‘310N
z - b saInods obuodg §
z ~  sueuejoipey
€ & ot swareig
" ~ = siejuiwesng
- -yl wwoneaz
Do e ol
¢ D oo 83
9 9 v sseboweson K
05 8¢ Or  Sesulw Aeg LR
- z L s[Riauiw Areayy m, m
- - WL B AE]
5 € 3 redspiay v B 8
s 6 8L Zienp S o
s e 15 ] x = BN
5 0z o ws 3 2
0g 14 91 pueg ]
oy snz e g
59 2w zo 8
2% 2z Zs
IRl
i3 Iz ==
gf 9¢ & 09 £
|4y
=48
AHYWWNS 30175 HY IS
W2 k= uo (9098 521
9WOH JLYNOBYYD
@800 wogs 'y .
0Ly wogn'z
(%) ILVNOBEVD — 3 DINVSHO ~ 9 V101 o
‘g Lo ‘(W £-9)
SainUEIB 31Wnd Moy B YL L|IS 3Arssew {Z/¥ AG) Aeib aain
G PUR ¢ SUOIDAG {W G- ¢°E)
$P3Q PUES ADPNU M3} 2 PUE SE ADUES [£19A05 LJIA JUBUNLIOP $1
PAIUI AUES S009ORWOIEID ‘ARID SAID pUE (/8 AG) AR antjo Y1
£ PUE 2 SUOLIDAG ‘SPag yse APuES puE pues aul |
APPIIL BUIGS Ul1M JUBUIWOP S1 pus APUES {Z/¢ AG) A2IB ano yaeQ
L UORIEG ‘(WD 0G-01 ) SPaq ySe "APUES Lm
P16 (3121UI PN APUES SNORDEWIOIRID (2/€ AG) ARIS 8AI[0 §12Q)
Qf=i2z|m
> ofam o8 s 2lElg] = w
g v wn z -
mwnlm.. z |m ale Z|2|NOi e
NOI 1414353 DIDOTIOHLIT nmnwnm ADOMW0KLT | 7 |3 8 SH 250z
O o/SZ[>% SiHdvas [ % |o mo| o=
Almp(Z w |z > m
o|m YIALOVAVHO b A
115504

WwS60L-0°00L

IVA¥ILINI Q3300

zl

w
a
Q
o

310H  8EY 3lIS

w
o
=]
o

IVA¥3INS Q330D Li

I10H sgey S



MGG1505 5027

SITE SUMMARY SHEET
HOLE 438A
Date occupied October 22, 1977
Date departed October 27, 1977
Time on hole 6 days
Position: latitude 40°37.79°'N
longitude 143°14.15'E

Water depth (sea level) 1558 corrected meters, echo sounding
Water depth (rig floor) 1568 corrected meters, echo sounding
Bottom felt at 1568 meters, drill pipe
Penetration 878.0 meters
Number of holes 1
Number of cores 86
Total length of cored section 878.0 meters
Total core recovery 555.3 meters
Percentage core recovery 63%
Oldest Sediment Cored

Depth sub-bottom 868.5 meters

Nature Claystone

Age Lowest middle Miocene

Measured velocity 1.95 km/s

Principal Results:
See 438B Site Summary Sheet.
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