5. SITE 441: JAPAN TRENCH LOWER SLOPE, LEG 57

Shipboard Scientific Party!

HOLE 441

Date Occupied: 21 November 1977

Date Departed: 22 November 1977

Time on Hole: 2 days

Position: 39°45.05'N; 144°04.59'E

Water Depth (sea level): 5655 corrected meters, echo
sounding

Water Depth (rig floor): 5665 corrected meters, echo
sounding

Bottom Felt: 5665 meters, drill pipe

Penetration: 273.0 meters

Number of Cores: 9

Total Length of Cored Section: 79.0 meters

Total Core Recovery: 16.6 meters

Core Recovery: 21 per cent

Oldest Sediment Cored:
Depth sub-bottom: 273.0 meters
Nature: Diatomaceous claystone
Age: Early Pliocene
Measured velocity: 1.6 km/s

HOLE 441A
Date Occupied: 23 November 1977
Date Departed: 27 November 1977
Time on Hole: 5 days
Position: 39°45.05 'N; 143°04.59 'E

Water Depth (sea level): 5644 corrected meters, echo
sounding

Water Depth (rig floor): 5654 corrected meters, echo
sounding

Bottom Felt: 5656 meters, drill pipe
Penetration: 662.0 meters

! Roland von Huene (Co-Chief Scientist), U. S. Geological
Survey, Menlo Park, California; Noriyuki Nasu (Co-Chief Scientist),
University of Tokyo, Tokyo, Japan; Michael A, Arthur, U. S. Geo-
logical Survey, Denver, Colorado; John A. Barron, U. S. Geolog-
ical Survey, Menlo Park, California; Gary D. Bell, Gary Bell and
Associates, Westlake Village, California; Jean-Paul Cadet, Univer-
sité d'Orléans, Orléans, France; Bobb Carson, Lehigh University,
Bethlehem, Pennsylvania; Kantaro Fujioka, University of Tokyo,
Tokyo, Japan; Eiichi Honza, Geological Survey of Japan, Tsukuba,
Japan; Gerta Keller, Stanford University, Stanford, California;
George W. Moore, U. S. Geological Survey, Menlo Park, California;
Richard Reynolds, Rice University, Houston, Texas; Shunji Sato,
Japan Petroleum Development Company, Tokyo, Japan; Bernard L.
Shaffer, Gulf Research and Development Company, Houston, Texas.

Number of Cores: 15

Total Length of Cored Section: 138.5 meters
Total Core Recovery: 19.7 meters

Core Recovery: 14 per cent

Oldest Sediment Cored:
Depth sub-bottom: 662.0 meters
Nature: Claystone
Age: Late Miocene
Measured velocity: 2.3 km/s

HOLE 441B
Date Occupied: 30 November 1977
Date Departed: 2 December 1977
Time on Hole: 3 days
Position: 39°45.08'N; 144°04.60'E
Water Depth (sea level): 5635 corrected meters, echo
sounding

Water Depth (rig floor): 5645 corrected meters, echo
sounding

Bottom Felt: 5650 meters, drill pipe
Penetration: 687.0 meters

Number of Cores: 2

Total Length of Cored Section: 18.0 meters
Total Core Recovery: 5.5 meters

Core Recovery: 30 per cent

Oldest Sediment Cored:
Depth sub-bottom: 687.0 meters
Nature: Vitric silty claystone
Age: Late Miocene
Measured velocity: Unable to measure

Principal results:

Site 441 was selected to sample the accretionary zone
associated with the Japan Trench. It is 15 km landward
of the trench axis, near Site 434, where the seismic data
record a thin sequence of reflections subparallel to the
slope, overlying a landward-dipping sequence of pre-
sumed accreted sediment. The accretionary wedge sea-
ward of Site 440 is 30 km wide and is floored by igneous
oceanic crust. Three holes were attempted, but periods
of weather calm enough for drilling were too short to
allow drilling to the depths of the dipping reflections.
The lithology sampled is claystone and diatomaceous
claystone of a hemipelagic slope sequence ranging in age
from late Miocene to Pleistocene, much the same as at
the other site on this transect, but the rock is highly
fragmented. Rare pieces of coherent core consisted of
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highly fractured rock, tectonic breccia, or resedimented
breccia. The Pliocene interval is about 25 per cent
thicker than the Pliocene at Sites 438, 439, and 440. The
lack of repeated paleontological zones and unfaulted
material from the oceanic plate seems to rule out thick-
ening of the section through imbrication. A more likely
cause is combined small-scale slumping, as shown by re-
deposited microfossils, and tectonic thickening along
pervasive microfractures. The volume increase by slump-
ing or by tectonic thickening cannot be estimated from
the cores, because they are mainly fine cuttings, derived
from either intensely fractured rock, tectonic breccia,
or redeposited breccia.

There is no evidence that a section from the oceanic
plate was drilled. However, the hemipelagic section is
more intensely fractured than any other section sampled
on the Japan Trench transect except at Site 434. There-
fore this section is thought to be overstressed by tec-
tonism associated with plate convergence.

BACKGROUND AND OBJECTIVES

A unique feature of convergent margins is the
disturbed sedimentary prism at the leading edge of the
upper plate. Usually the prism is in very deep water or is
covered by thick sedimentary layers parallel with the
slope. This makes it difficult to study with conventional
seismic reflection techniques, because even some gently
dipping beds are not resolved, and the resolution
degrades steadily below shelf depths. Therefore drilling
is an important field method in the study of tectonic
processes at convergent margins.

One of the main study objectives along the Japan
Trench transect was the disturbed prism, but the depth
of the trench and of its lower slope is greater than the
length of the drill string aboard the Glomar Challenger.
Three prospective sites on the upper part of the prism
were recommended for drilling by the Active Margins
Panel and the Japan IPOD Committee. During Leg 56 a
large effort went into drilling near the deepest site
recommended (Site 434), but the results were rather
disappointing. Core recovery was poor, and the drill
string stuck at 638 meters, terminating the third sam-
pling attempt at that site.

At Site 440, penetration into a peripheral part of the
disturbed prism was expected, but drilling and restudy
of the reflection records showed that the continental
slope section extends to the middle of the trench slope
there. Site 441 was chosen at the point where the seismic
record indicates the shallowest cover of slope material
over the presumed accreted material at depths still
within reach of the drill string. The site is 13 km
downslope from Site 440 and 3 km upslope from Site
434 (Figure 1). The specific objective was to penetrate to
about 800 meters and reach the first distinct reflection
that has a pronounced landward dip (Figure 2). The
landward-dipping sequence is thought to be an im-
bricated stack of uptilted oceanic and continental slope
deposits. Above this reflection the record is obscured by
diffractions that extend to the sea floor, indicating a
rough lower-slope topography.
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Some specific objectives we hoped to study in the dis-
turbed prism were the structure in the initial stages of
accretion and the diagenetic and early metamorphic
changes. Samples obtained previously from similar en-
vironments indicate that highly compacted sediment
and evidence of very rapid expulsion of interstitial fluids
might occur in this zone. The structure has been largely
inferred from theoretical models and from ancient ana-
logs on land.

In two earlier legs, 18 and 31, in sampling lower-
trench slopes a primary objective had been to obtain
sediment from the oceanic plate in a zone of accretion
on the continental plate (von Huene, Kulm, et al., 1973;
Ingle, Karig, et al., 1975). On both legs it turned out
that oceanic and continental sediment differed little in
lithology, and this holds true for Leg 56 also. After ini-
tial compaction and diagenesis, Neogene sediment on
the oceanic and continental plates is so similar as to be
indistinguishable. Siliceous microfossils are usually ab-
sent or poorly preserved, and calcareous microfossils
are dissolved. Thus the chance of demonstrating accre-
tion along the Japan Trench, by positively identifying
oceanic sediment on the continental plate from its litho-
logy or paleontology, is small. In this situation the phys-
ical properties measurements and geophysical logging
have greater than usual significance, because overcon-
solidation, anomalous water content, and other quanti-
tative measurements are good indications of a high-
stress environment.

OPERATIONS

Site 441 is about 12.7 km east of Site 440 (Figure 3).
The Glomar Challenger was navigated by dead reckon-
ing from the sonic beacon at Site 440, with a strong
wind and current on the stern quarter. The airgun seis-
mic reflection and 3.5-kHz systems were inoperative, so
the new beacon was dropped on the basis of a poor
12-kHz bottom-sounding trace. Although checkpoints
along the way to the site seemed good, several satellite
navigation fixes had been received as the drillers pre-
pared to lower the drill string and the beacon position
was found to be about 2 km south of the desired loca-
tion. Therefore a second beacon was positioned by off-
setting to the proper position, using the first beacon as a
navigational aid.

On the bottom-sounding record, the sea floor below
the ship was indistinguishable from several side echos.
The bottom measured with the drill string was about 40
meters below the highest reflection, which resulted in
three false spud-in attempts. A total of 9 cores were
recovered from Hole 441 (Table 1).

After about 2 days of drilling on the site, the first
hole was abandoned because of a storm. After a day,
Hole 441 A was spudded in, and about three days later a
strong storm was forecast. Assuming the approaching
storm system would force abandonment, we decided to
log the drilled interval. Only one logging run was com-
pleted before abandonment became necessary. The sea
had already become rough enough to degrade the log
with strong vertical motion of the ship, but nonetheless
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Figure 1. Location map showing position of sites drilled on Legs 56 and 57 and of
JNOC multichannel seismic reflection profiles. Diagrammatic cross section of
continental margin shown below (based largely on Ishiwada and Ogawa, 1976).

the logging information proved to be highly significant.
The drill string was brought aboard during strong
winds, high seas, and driving rain.

With less than four days of time remaining, we began
Hole 441B in a final attempt to reach the disturbed
prism. Drilling proceeded to the depth of Hole 441A,
but almost immediately plugging of the bit and sticking
of the core barrel became chronic. After 25 meters of
penetration beyond the previous attempt, the core bar-
rel became firmly stuck in the drill collar, and the drill-
ing on Leg 57 was concluded.

LITHOSTRATIGRAPHY

The holes at Site 441, which were drilled on the lower
trench slope, lie 15 km from the axis of the Japan
Trench and about 3 km upslope from Site 434 (Figure 3).
The sequence recovered at Site 441 is similar to but not
identical with that encountered at Site 434. Both sites
were plagued by poor recovery, apparently owing to

highly fractured rock. A major conclusion from ex-
amination of the cores recovered at Site 441 is that the
extensive breaking up of the material during drilling is
due to a pervasive fracturing developed in place by tec-
tonic stress. Important in this process are dewatering
and the development of fracture porosity.

About 43 per cent of the core material obtained at
Site 441 consists of material recovered in wash cores
that were drilled at high pump pressure through rela-
tively long depth intervals. This method reduced the
choking of the core barrel with slumped fragmental
material and was particularly effective in recovering the
more coherent layers in this highly fractured section.
Wash cores are designated by the prefix H.

The limited core recovery from the site as a whole
allows only a general definition of lithostratigraphic
units (Figure 4 and Table 1; Site Summary Chart 434/
441, back pocket), but information obtained from down-
hole gamma-ray and formation density logs aids in iden-
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Figure 2. Section of JNOC-2 multichannel seismic reflection record showing lower
trench inner slope and reflective sequence penetrated at Sites 441 and 434. Note
discontinuity between subhorizontal slope sequence and landward-dipping reflec-

tive sequence.

tifying the boundaries. The five defined units are as fol-
lows: Unit 1, diatomaceous clay (0-132 m sub-bottom);
Unit 2, diatomaceous claystone (132-380 m); Unit 3, silt-
stone breccia (380-410 m); Unit 4, diatomaceous claystone
(410-504 m); Unit 5, claystone (504-671 m).

Lithostratigraphic Unit 1 (Cores 441-1-441-6
and 441A-1-441A4-2, 0-132 m sub-bottom,
upper Pleistocene and upper Pliocene)

Only the uppermost portion (0-16.5) of this unit was
recovered sufficiently to characterize it with confidence.
The remaining recovery consisted almost entirely of
core-catcher samples. The upper 16.5 meters is com-
posed mostly of dark greenish gray (5GY 4/1) silty dia-
tomaceous clay, which is slightly mottled and sandy in
part. Thin intervals of clayey sand and silt as well as dia-
tomaceous clay also occur. Several rounded pebbles of
basalt and dacite or andesite porphyry up to 2 ¢cm in dia-
meter were recovered in Core 441-1. Pumice granules
(2-3 mm) occur at a few levels. Rare olive gray to light
olive gray (5Y 5/4-7/1) mottles have a grain size from
clay to silt.

The poorly sampled interval from 16.5 meters to the
base of Unit 1 seems to be primarily olive gray to gray-
ish olive green (5Y 4/2-5GY 3/2) diatomaceous clay.
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Clay content in the sediment is typically more than 40
per cent with up to 20 per cent quartz plus feldspar.
Diatom content averages about 28 per cent; sponge spic-
ules compose between 5 and 10 per cent of the rock, and
carbonate, pyrite, glauconite, volcanic glass, and heavy
minerals are more minor components. Calcareous con-
cretions or pebbles occur in Samples 441-5,CC and
441-6,CC. These rocks are composed almost entirely of
calcite. One of them shows possible concretionary
growth lines; the surface of each specimen is covered by
closely packed 1- 2-mm elongate rods, possibly ce-
mented fecal pellets. A similar specimen was recovered
at Site 434 nearby (see Site 434 this volume). A calcite-
cemented sandy claystone pebble was found in Sample
441-6,CC. Sample 441-4,CC recovered a thin, graded,
very fine-grained sand interbedded with diatomaceous
clay. Core 441A-2, at the base of Unit 1, recovered a
graded silty tuff bed as well as diatomaceous clay.

Unit 2 (Cores 441-7-441-9, 441A4-2-441A-4, 441A-H1-
441A-H2, and 441B-1; 132-380 m sub-bottom;
upper Pliocene and lower Pliocene)

The major difference between Unit 2 and Unit 1 is the
greater degree of lithification of Unit 2. Because coring
and recovery were sparse, the downhole density log was
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Figure 3. Bathymetric map of lower part of Japan Trench inner slope (note trench
axis), showing location of Sites 441, 440, and 434, tracklines of Glomar Challeng-
er; and traces of other available seismic lines in area. Contours based on network

of geophysical data as shown.

used to place the diatomaceous clay/claystone bound-
ary at 132 meters. Below this depth, recovery was usu-
ally limited to chips or cuttings of the rock, with rare in-
tact pieces of the highly fractured material. Dark green-
ish gray (5GY 4/1) to olive gray (5Y 3/2) diatomaceous
claystone predominates, along with minor olive gray
(5Y 4/2) clayey diatomite and vitric diatomaceous clay-
stone. Slight to intense mottling characterizes the diato-
maceous claystone intervals; some mottling consists of
pale yellow (5Y 3/1-N2) and less abundant white (N8)
mottles of tuff. The composition of Unit 2 sediment is
similar to that of Unit 1.

Core 441B-1 recovered greenish gray (5GY 5/1) dia-
tomaceous claystone, vitric calcareous claystone, and
dark greenish gray (5GY 4/1) diatomaceous claystone.
Over 50 cm of light gray (N7) tuff is also present.

Parting, fractures, and black anastomosing veins are
typical of this unit. Measured open fracture orientations
range from horizontal to nearly vertical, but several
orientations seem to predominate: relatively low-angle
(30-35°) and two sets of intermediate-angle (40-50°and
about 65°], for example, in Cores 441A-H1 and 441A-

H2. Offset is difficult to demonstrate on the open frac-
tures, and few of them seem to be related to the systems
of black veins observed in cores from this and previous
holes. No black material typical of basalt faults and frac-
tures in Sites 438, 439, and 440 was noted along open
fracture plane surfaces.

The base of Unit 2 is defined as a pronounced change
in lithology and geophysical log character at about 380
meters.

Unit 3 (Cores 441A and 441B-H1, 380-410 m sub-
bottom, lower Pliocene)

Only one core was taken in this interval, but the
relatively good recovery consisted of a brecciated dark
gray (N3) siltstone and clayey siltstone interbedded with
thin graded and nongraded tectonically undisturbed silt-
stone to coarse-grained sandstone layers and light olive
(5Y 6/1) claystone. The bulk density of the breccia unit
is high, and this character was used in determining the
total thickness of the unit on the downhole density log.
Below 410 meters, the lithology again is a more monoto-
nous diatomaceous claystone and claystone.
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TABLE 1
Lithologic Units, Sub-bottom Depths, Ages, and Description of Sequence at Site 441
Sub-bottom
Depth Thickness
Unit (m) (m) Core Age Lithology
1 0-132 132 1-6 Late Pleistocene  Dark greenish gray (SGY 4/1) silty diatomaceous clay at top; predominantly
Al-A2 and olive gray (5Y 4/2) diatomaceous clay with minor ash layers; rounded peb-

late Pliocene bles up to 2 cm in diameter consisting of basalt, dacite, pumice, and some
calcareous concretions. Minor clayey silt or sand layers. Slightly mottled
throughout. One graded silty tuff noted at base.

2 132-380 248 7-9 Late Pliocene  Dark greenish gray (SGY 4/1), dark olive gray (5Y 3/2), and olive gray (5Y

A3-A44a and 4/1) diatomaceous claystone; minor clayey diatomite, vitric diatomaceous
early Pliocene  claystone, and a few thin tuff beds. Some calcareous mottles and concre-
tions. Entire unit is characterized by fractures, partings, and some black
veins (rehealed). Recovery is mostly in the form of less than 1-cm chips and
is very poor.

3 380-410 30 AS Early Pliocene  Breccia of dark gray (N3) siltstone consisting of rounded to angular siltstone
fragments in a more clay-rich matrix. Dewatering veins at top of recovery.
Several graded and nongraded very fine-grained to coarse-grained sandstone
beds interbedded with claystone (5Y 6/1). Bottom of unit chosen on the
basis of signature on downhole density log. Fair recovery.

4 410-504 94 A6-AT Early Pliocene  Mostly dark olive gray (5Y 3/2) claystone and diatomaceous claystone; some
siltstone, possible redeposited claystone, minor tuff layers, and calcareous
concretions; highly fractured and poor recovery.

5 504-671 167 AB-A152  Early Pliocene  Heterogeneous lithology consisting of olive gray (5Y 3/2) claystone, greenish

and
late Miocene

black to greenish gray (5G 2/1-5/1) silty claystone, calcareous claystone,
carbonate-cemented claystone breccia, and dark greenish gray (5GY 4/1)
resedimented claystone. Lower part of unit composed of greenish black (5G
2/1-3/1) claystone and olive gray (5Y 4/1) silty claystone, with some light
olive gray (5Y 5/1) silty tuff and dark olive gray (5Y 3/1) vitric silty clay-
stone. Entire unit intensely fractured; dip to 45°.

dIncludes adjacent wash cores drilled through an interval longer than a core barrel and archived with the prefix H.
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Figure 4. Lithology, lithologic units, core recovery, and downhole density log, Site 441.
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The breccia is composed of angular to subrounded
blocks of dark gray siltstone set in a matrix of softer and
slightly lighter colored (N4) clayey silt. The top of the
unit in Core 441A-5 shows thick dewatering conduits.
The siltstone blocks consist mostly of quartz, feldspar,
and heavy minerals, with more clay and no volcanic
component. The recovered portion of the breccia unit is
over 3 meters thick, and in its lowest part it is inter-
bedded with disturbed siltstone and sandstone beds of
from 3- to 20-cm thickness. A problem in interpretation
involves whether this breccia originated as a sedimen-
tary unit or as a result of tectonic faulting. The inter-
bedded nondisturbed sandstone and siltstone layers
seem to mitigate against the fault-zone-breccia hypoth-
esis. The matrix of the breccia is similar in composition
to the breccia blocks but finer grained. This relationship
might be expected if the breccia originated as a mass-
movement deposit.

Unit 4 (Cores 441A4-6-441A-7 and 441A-H3,
410-504 m sub-bottom, lower Pliocene)

This unit is lithologically similar to Unit 2 and con-
sists primarily of highly fractured olive gray (5Y 3/2)
claystone and diatomaceous claystone. Recovery is lim-
ited to cuttings or chips of the rock which, because of its
closely spaced fracture system, crumbles easily during
drilling. Core 441 A-H3 contains some interesting litho-
logic variations, including what might be a resedimented
shale (fissile chips) in a grayish black (N2) soft siltstone.
Whether this interval is due to compaction of cuttings
during drilling or was an original sedimentary unit is
difficult to determine. A 1.5-cm wood fragment and a
1-cm-diameter calcareous concretion also occur among
the drill cuttings of claystone, as does a light olive gray
(5Y 5/1) silt-sized tuff bed. Overall, the lithology of
Unit 4 is poorly documented. However, the character on
the gamma-gamma and gamma-ray logs is uniform in
this interval and suggests a fairly homogeneous li-
thology.

Unit 5 (Cores 441A-8-441A-15, 441A-H4, 441B-2, and
441B-H2; 504-662 m sub-bottom; lower Pliocene to up-
per Miocene)

This lithologic unit seems rather heterogeneous partly
because of spotty coring and poor recovery. The top of
the unit is marked by olive gray (5Y 4/2) diatomaceous
claystone and vitric claystone (441A-8 and 441A-H4,
with persistent 32°-45° open fractures. Core 441 A-H4,
in which recovery was obtained from a 48.5-meter inter-
val, contains a conglomerate breccia interval consisting
of grayish black (N2) to greenish gray (5G 6/1)
subangular pebbles suspended in a clay-sized matrix.
The interval recovered amounts to only 14 cm. Breccia
was also recovered in Cores 441A-10 and 441A-11
(Figure 5). These breccia units are clast-supported rocks
consisting of angular 3- 15-mm fragments of greenish
gray (5GY 5/1) and olive gray (5Y 4/2-5/2) claystone,
with dark olive gray (5Y 4/1) claystone, yellow-gray
(5Y 8/1) limestone, some dark greenish gray (5GY 2/1)
glauconitic claystone, and white (N8) tuff fragments.
Many but not all of the fragments seem to have at least

SITE 441

10 mm

Figure 5. Clast-supported breccia of late Miocene age,
Site 441. Specimen 441A-11-1, 63-71 cm (sub-bottom
depth 587 m).

partially lithified prior to resedimentation. Some more-
rounded clasts are sutured together and have shapes
conforming to the outlines of apparently more in-
durated adjacent clasts, suggesting an initially nonlithi-
fied state. A crude stratification indicates a 35°-45° dip
for the breccia unit, Joints or partings with orientations
of about 3°, 30°, 45°-60° and 85° are common. In Core
441A-10 the breccia unit at the base of the core is
calcite-cemented,, whereas in 441A-11 it is not.

Cored intervals between the breccia units consist
mainly of fissile olive gray (5Y 3/2) claystone and
greenish black (5G 2/1) silty claystone. Limestone or
calcareous claystone concretions or pebbles up to 5 cm
in diameter are commonly recovered. Below the breccia
intervals to the bottom of the hole (Cores 441A-12
through 441A-15), only greenish black (5G 2/1) to olive
gray (5Y 4/1-3/1) claystone, silty claystone, and minor
silty tuff (5Y 5/1) was encountered. This rock is highly
fractured (open 65° fracture inclinations common), and
black veins are present. Faint lamination in Core
441A-14 suggests a dip of 40°-42°. Unfortunately the
bottom part of the section could not be logged because
of a stuck pipe in Hole 441B.

Core 441B-2 from the bottom of the hole consists
primarily of cuttings of dark olive gray to dark greenish
gray (5Y 3/1-5GY 4/1) vitric silty claystone. Section 2
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of this core contains larger pieces of the claystone,
which are pervasively fractured; these open fractures
dip 75°.

The wash core, 441B-H2, obtained from a large inter-
val (402.0-668.01 m), although less stratigraphically
useful, contributes good structural information on the
dips of fractures and partings.

The sequence recovered at Site 441 is similar overall
but differs in some aspects from that at Site 434, Leg 56.
Because drilling at both sites was plagued by poor
recovery, some of the apparent differences may be due
to the lack of overlap of cored intervals. Though only 2
km apart, the two sites could conceivably have had a
slightly different sedimentary history in this area of in-
tense tectonism. The main differences are the following:
Breccia units encountered at Site 441 (Units 3 and 5) are
not noted at Site 434; Site 441 has a thicker upper Plio-
cene interval, thereby displacing biostratigraphic bound-
aries downward at Site 441 by 80 to 90 meters relative
to Site 434; because of submarine sliding the 140-meter-
thick silty and clayey tuff interval at Site 434 (Unit 4,
460-610 m sub-bottom) does not seem to be present.

Structural Geology

Despite the relatively homogeneous nature of the
strata and the poor recovery caused by extensive frac-
turing, about a dozen bedding inclinations were re-
corded at Site 441 (Figure 6). These show a rather sys-
tematic increase in the dip with depth. Dips of 15° are
recorded at about 300 meters in the middle of the Plio-
cene, 20° at 500 meters in the lower Pliocene, and as
great as 45° at 600 meters in the upper Miocene.

The seismic reflection record across the drill sites,
although partly obscured by diffractions, verifies the
regional nature of the tilting seen in the cores. The seis-
mic section shows a gradually increasing landward tilt
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Figure 6. Bedding inclination measurements at Site 441.
The longer depth intervals indicate depth ranges of
wash cores (H).
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of the reflections with depth. Below the gently dipping
layers near the sea floor, rocks with disturbed bedding
extend to a sub-bottom depth of about 5 km, where
strong reflections indicate they are underlain by igneous
crust (Figure 2). The generally continuous stratigraphic
sequence down to the upper Miocene at Site 441 places a
younger limit on the age of the more deformed rocks
below and consequently indicates that the present cycle
of subduction began during or before the Miocene.

Site 441 revealed no section of overturned strata in
the upper levels such as was found during Leg 31 at the
toe of the trench slope of the Shikoku subduction zone
off southern Japan (Ingle, Karig, et al., 1975; Moore
and Karig, 1976). A minor overturned fold does occur
in Miocene rocks near the base of Hole 441B in Core
441B-H2. We are not certain whether this fold is synde-
positional; or developed shortly after deposition, when
the rock was nearer to the zone of maximum shear; or
whether it is a drag fold associated with faulting that has
affected the hemipelagic cover during more recent tec-
tonism of the underlying prism of disturbed rocks.

In previous holes drilled on Leg 57, even the most
structurally deformed sections yielded generally good
recovery consisting of material that was well con-
solidated, though often coursed through by veins and
rehealed fractures. Deformation resulting from drilling
was limited to widely spaced fractures with various dips
and to the typical drilling biscuits or ‘‘challengerites’’
found in somewhat less well consolidated sediment. Site
441 cores, on the contrary, do not hold together during
drilling. This results in a low recovery of a drilling wash
consisting of chips of indurated claystone less than 1 cm
in diameter (Figure 7). Few larger pieces were obtained,
and these are almost always cut by a series of closely
spaced fractures which are open, not rehealed. Parallel
fractures are common in individual core pieces, and
several conjugate sets usually occur (Figure 8). There-
fore we believe that much of the fracturing is part of the
initial rock fabric that broke up during drilling. A full
range of fracture inclinations was measured at the site as
a whole (Figure 9).

Some fracture surfaces below about 175 meters com-
monly are marked by small grooves and steps. The steps
on a given surface have a consistent sense of offset, and
this fact, combined with the fact that fractures of
several orientations in individual cores each show dif-
ferent sets of grooves, suggests that this type of fracture
is not a cleavage. The displacement on the fractures
probably is not large, but most of the edges of the steps
are smoothed by slip, suggesting that the bulk of them
are not simply joints. Indistinct slickensides suggest
reverse, normal, and horizontal displacement (Moore,
this volume).

Fracturing may originate from tectonic consolidation
of the trench lower slope caused by horizontal compres-
sion, from faulting associated with uplift and deforma-
tion of the lower trench inner slope in response to plate
convergence, or from downslope sliding of the larger
slope sediment mass during a period of uplift and steep-
ening of the slope. There is evidence of slumping or
sliding in the missing Pleistocene section at Sites 441 and



Figure 7. Drill cuttings typical of material most often
recovered at Site 441. Sediment is fragmented into
< I-cm chips. Specimen 441-8-1, 31-43 cm (sub-bot-
tom depth 206 m).

434, in older reflectors cropping out on the slope, and in
apparent slump masses at the base of the trench inner
slope seen on JNOC-1 (see back pocket).

There is a possibility that the missing Pleistocene sec-
tion is due to erosion in a canyon. Inspection of JNOC
Crossline C (see Geophysics) indicates that Sites 434 and
441 were drilled in a topographic depression which may
be an incised canyon. Some reflectors in the seismic
record appear to crop out on the slope. As much as 0.6 s
two-way time (ca. 450 m) of Pleistocene section may ex-
ist under the hill to the southeast of Site 441 at a level
above that at which we spudded in at the site.

At any rate the deformation is less one of thrusting or
folding at the leading edge of the upper plate of the con-
vergent margin than one of pervasive brecciation of a
volume of material deposited atop older material that
may be accreted from the oceanic plate. The stress ap-
parently caused abnormal dewatering of the hemi-
pelagic section and has resulted in development of the
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Figure 8. Typical fractures at Site 441. A tuff bed dip-
ping 15° occurs near the top. Specimen 441A-H1-3, 100
111 cm (sub-bottom depth between 256 and 328 m).

intense closely spaced fracturing of the claystone that is
so characteristic of this site.

BIOSTRATIGRAPHY

Introduction

The water depth of Site 441 is below the carbonate
compensation depth (CCD) (about 3500 m), therefore
foraminifers and nannofossils are extremely rare. Bio-
stratigraphically useful nannofossils were restricted to
Cores 441-7, 441A-6, 441A-13, and 441A-14. The lack
of foraminifera throughout the section suggests that the
site has remained below the CCD since at least the late
Miocene.

Upper Miocene through Pleistocene sediments are
present in Holes 441, 441A, and 441B. Diatoms are the
most abundant microfossil, followed by radiolarians.
Both, however, become rare below 500 meters, where
poor preservation begins.

Figure 10 shows the stratigraphic occurrence of
microfossil zones in Holes 441, 441A, and 441B. The
Pliocene/Pleistocene boundary is placed within Core
441-2 based on radiolarian and diatom evidence. In
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Figure 9. Fracture inclinations at Site 441, based on 119
measurementis.

Figure 11 microfossil data are used to construct a sedi-
ment accumulation rate curve. The Miocene/Pliocene
boundary (5.2 Ma) is estimated at about 600 meters. A
sediment accumulation rate of 175 m/m.y. is implied
from this curve for Holes 441, 441 A, and 441B.

Diatoms

At Site 441, a thin cover (3-7 m) of uppermost
Pleistocene to Recent sediment uncomformably overlies
a thick sequence (660 m) of uppermost Pliocene to up-
per Miocene sediments. Although recovery in the com-
posite section cored in Holes 441, 441A, and 441B is
spotty, the Miocene-Pliocene diatom assemblages occur
in the same sequence encountered at Sites 438 and 440;
no evidence for repetition of diatom zones was found.

The Denticula seminae var. fossilis Zone (~1.7 to
2.43 m.y.B.P.) is present from Sample 441-2-1, 30-32
cm (7.3 m), to Sample 441A-2,CC (130.5 m). D.
seminae var, fossilis is common to abundant throughout
this interval, and D. kamtschatica is present as rework-
ed speciments as in Hole 440B.

The D. seminae var. fossilis-D. kamtschatica Zone is
recognized from Sample 441-7-1, 65-67 cm (150.1 m),
to approximately Sample 441-9,CC (26.7 m). Here, the
top of this zone is approximated by the last common D.
kamtschatica and the last Nitzschia jouseae and the base
by the first Actinocyclus oculatus (Barron, this volume).
The first common Denticula seminae var. fossilis lies
near the top of this zone at 441A-2,CC (130.5 m) just
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above the last Nitzschia jouseae. Occurrences of Den-
ticula seminae var. fossilis below that level are rare and
spotty, as they were in Holes 438A and 440B.

The interval from Sample 441A-9,CC (568 m) to the
lowest sample cored, 441B-2,CC (670.5 m), is assigned
to the D. kamtschatica Zone. The last occurrence of
Rouxia californica in Sample 441-11-1, 50-52 cm (586.5
m), approximates the Miocene/Pliocene boundary
(5.1-5.2 m.y.B.P.).

Reworking of middle Miocene diatoms such as Cos-
cinodiscus endoi, C. lewisianus, Denticula lauta, and
Mediaria splendida is especially prevalent in Cores 10
and 11 of Hole 441A (577-587 m). In fact, Denticula
kamischatica is missing from this interval. Preservation,
however, is very poor, and the straightforward sequence
of lower Pliocene and upper Miocene diatom assem-
blages above and below this interval argues against repe-
tition. These middle Miocene diatoms occur in extreme-
ly well brecciated sediment that may have been slumped
into place.

Sediments in the lowest part of the section cored con-
tain fragments of D. kamischatica, Nitzschia reinholdii,
and Rouxia californica and are correlated with Subzone
b of the Denticula kamischatica Zone (uppermost
Miocene). Wash core Sample 441B-H2-4, 130-150 cm,
contains Nitzschia miocenica and Thalassiosira mio-
cenica along with Denticula kamtschatica and is very
similar to the uppermost Miocene recovered from Hole
438A.

Preservation is good to moderate down to Sample
441-4,CC (26.0 m); generally moderate through Sample
441-9,CC (267.2 m); moderate to poor from 441B-1-2,
62-64 cm (337.6 m), through 441A-8,CC (511.6 m); and
poor below that level. Diatoms are common to abun-
dant down to Core 9 of Hole 441 (264 m); few in the in-
terval from Sample 441B-1-2, 62-64 cm (337.6 m), to
Sample 441A-8,CC (511.6 m); and rare below that level.

Radiolaria

Radiolarian abundance at Site 441 ranges from com-
mon to rare with poor to good preservation. Radio-
larians are common in Sections 441-1-2 to 441-8-1, few
in 441-8,CC to 441A-8,CC, and rare in 441-9,CC to
441B-2,CC. Section 441A-5-1 is barren of radiolarians.
Radiolarian preservation is good from Section 441-1-2
to 441-6,CC, moderate from 441A-8-1 to 441B-2-1, and
poor in 441B-2,CC.

Pleistocene to Recent radiolarian assemblages may be
found in the following intervals: Sections 441-1-2 to
441-1,CC (Botryostrobus aquilonaris Zone), 441-2-1
(Axoprunum angelinum Zone), and 441-2-3 to 441-2,CC
(Eucyrtidium matuyamai Zone). Pliocene radiolarians
are observed in Sections 441-3,CC to 441-7,CC (Lampro-
cyrtis heteroporos Zone) and 441-7,CC to 441A-8-1
(Sphaeropyle langii Zone). Sections 441A-8,CC to 441B-
2,CC (Stichocorys peregrina Zone) represent an interval
of upper Miocene strata.

Reworking of Miocene radiolarians such as Cyr-
tocapsella tetrapera, C. cornuta, and C. japonica into
Pliocene sediments of Site 441 was found at depths be-
tween 300 and 450 meters. These forms were also found
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Figure 10. Planktic biostratigraphy at Site 441.

at depths of about 600 meters in the Stichocorys
peregrina Zone and are considered to be reworked.

Nannofossils

Of the 61 samples studied from Site 441, only three
intervals, Section 7-2 of Hole 441, and Cores 6, 13, and
14 of Hole 441A, contained age-diagnostic nannofos-
sils. Most other samples were barren; a few yielded very
rare, diminutive, nondiagnostic coccoliths. This site is
presently below the calcite compensation depth and ap-
parently has been throughout the depositional history of
the cored interval, with the possible exception of brief
episodes in the upper Miocene and middle portion of the
Pliocene.

A calcareous mottle within Section 7-2 of Hole 441
contained a common but poorly preserved, almost
monospecific, nannoflora. Because of dissolution around
shield peripheries and overgrowth in central areas, pre-
cise identification of the coccoliths was difficult. The
dominant forms are probably referrable to Coccolithus

doronicoides. They may also be small to intermediate
forms of Reticulofenestra pseudoumbilica and may rep-
resent populations occurring near the extinction level
of that species. Larger forms more typical of R. pseudo-
umbilica were extremely rare. Equally rare components
included Discoaster cf. brouweri and Coccolithus
pelagicus. This sample is tentatively placed within the
upper part of the Reticulofenestra pseudoumbilica Zone
(Pliocene).

Rare and poorly preserved nannofossils in Sample
6,CC of Hole 441A include Reticulofenestra pseudoum-
bilica. A lower Pliocene age for this sample agrees with
age determinations based on diatoms and radiolarians.
Rare and moderate to poorly preserved nannofloras in
Sections 13-1 and 14-1 are assigned to the upper
Miocene Discoaster quingueramus Zone, based on the
presence of the nominate species.

Sections 1,CC, 2-2, and 2,CC of Hole 441B contain
rare, poorly preserved occurrences of small coccoliths
(Coccolithus doronicoides and/or small Reticulofen-
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Figure 11. Sedimentation rate curve for Site 441, uncor-
rected for compaction. Based on diatom (D), nanno-
JSossil (N), and radiolarian (R) datum levels.

estra pseudoumbilica) and Discoaster fragments. No
definite ages can be determined for Hole 441B on the
basis of nannofossils.

In general, nannofossil evidence for Site 441 was in-
sufficient to determine repeated zones or other indica-
tions of imbrication.

GEOCHEMISTRY

Shipboard geochemical studies at Site 441 consisted
of analysis of interstitial water and characterization of
hydrocarbon gases in the cores. The holes were drilled
to a total depth of 687 meters on the lower part of the
inner trench slope of the Japan Trench. The sea floor is
rough in this area, and seismic reflection profiles in-
dicate that deformed strata underlie the drilled section
down to the igneous oceanic crust at a sub-bottom depth
of about 5 km. The cores were highly fractured, and
cOre recovery was very poor.

The strata consist of diatomaceous clay and claystone
in the upper half of the drilled section and claystone in
the lower half. The geologic age ranges from late
Miocene to Holocene.

Cores 441-1 through 441-4 (0-26 m) had a strong
hydrogen sulfide odor. The lower extent of the H,S
zone is not certain, however, because the next few cores
had little recovery. Core 441-7 at 150 meters did not
contain noticeable H,S.

Interstitial Water Analysis

Because of the short length of most regular cores at
this site, only three samples from them could be spared
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for inerstitial water study. These samples were sup-
plemented by two from wash cores, which have a large
depth uncertainty and which had been in contact with
the sea water drilling fluid for some hours before
recovery. For each sample, core fragments were scraped
free of drilling mud, packed in a stainless steel press,
and the water was squeezed out through filters into a
sealed syringe.

The available analyses characterize the interstitial
water chemistry only discontinuously (Table 2). As far
as they go, the analyses are similar to the much more
complete column analyzed at Site 440 but lack the ex-
tremely high alkalinity values that were found there.
Analyses from Site 434, which is 3 km to the east, pro-
vide additional detail in the depth range from 0 to 300
meters.

Gas Analysis

Only a few regular cores longer than 2 meters were
available for reporting core gas analyses, but by sup-
plementing them with wash cores a reasonably sys-
tematic spacing was acheived, and we believe that a fair
representation of the gas content was obtained (Table 2).

The methane content varies considerably throughout
the holes, as it does at Site 434, probably because both
sites contain highly fractured cores.

The ethane content at Site 441, as inversely marked
by the methane/ethane ratio (Table 2), increases nor-
mally with depth. Anomlously high values of ethane
(and low values of the ratio) were measured in two
samples between 337 and 385 meters. On the basis of the
methane/ethane curve established by the remaining
samples, these gases could have migrated upward from
a depth of about 800 meters, where such ethane values
might be expected.

All the gas at this site is believed to be diagenetically
generated for the following reasons: (1) the meth-
ane/ethane ratio, despite some fluctuations between in-
dividual samples, changes with depth in a normal log-
linear fashion; (2) the two methane/ethane ratios less
than 1000 are compatible with depths only a little below
the drilled depths; (3) the general behavior of the pro-
pane through pentane curves (Sato and Whelan, this
volume) is similar to that at other Deep Sea Drilling
Project sites where the gas was demonstrated to be
generated diagenetically; (4) spot analyses suggest that
the organic carbon content of the rock is too low both in
quantity and in hydrocarbon richness to consider it as a
potential source for petroleum.

The ethane analyses at Site 441 are generally higher
than at Site 438, which is less tectonically stressed
despite its much higher geothermal gradient. This sug-
gests that most of the samples at Site 441 have been
enriched with diagenetic ethane that has migrated up-
ward through fractures from deeper levels.

Extrapolating from the measured geothermal gradi-
ents at Sites 438 and 440, respectively, of 3.6°C and
1.6°C per 100 meters suggests that the gradient in the
drill holes at Site 441 is about 1.1°C/100 m. Ignoring the
probability that the gradient becomes less as the under-



SITE 441

TABLE 2
Shipboard Geochemical Analyses at Site 441
Depth  Salinity Cl-  Ca2t  Mg2+ Alkalinity Methane Methane/Ethane

Core Section (m) (%0)  (mM/) (mM/l) (mM/l) pH (meq/l) (%) Ratio

1-1 1 358 542 10.6 52.7 7.49 2.85 - —
Wash core 102-149 - - - — - - 91.1 10,200
7-1 150 - - - - - - 55.5 21,900
Wash core 159-206 - - - - — - 68.4 12,300
81 207 - = - — - - 26.2 15,400
9-3 267 - - - - - - 79.9 14,700
H1A-2 255-326 - - - - - - 97.0 3,810
1B-2 337 - - - - - - 90.9 639
H2A-1 339-385 - - - - - - 64.6 938
H1B-3,4 348-401 320 530 12.5 12.0 7.89. 8.74 74.2 3,480
5A-3 390 333 556 14.4 13.3 - - 93.0 2,860
H3A-2 454-498 = < = = - - 85.1 2,800
H2B-3, 4 406-666 31.9 525 11.5 125 8.25 7.30 98.2 2,250
Wash core 520-567 - - - - - - 84.9 3,660
10A-1 577 - — ~ - — - 27.1 3,140

14A-2 645 329 547 13.9 204 - - = =
2B-2 670 - - - - - 734 3,750

thrusting plate is approached below, the temperature at
the level of the igneous oceanic crust is calculated to be
only about 50°C.

PHYSICAL PROPERTIES

Recovery at Site 441 was sparse, owing both to the
highly fractured nature of the sediments over most of
the column and the preponderance of drilled section
over cored interval. As a result, the physical properties
determined by shipboard analyses (water content,
porosity, bulk density, thermal conductivity, and sonic
velocity; see Site Summary Chart, back pocket) do not
define vertical distributions nearly as completely as they
did at other sites. The data serve, rather, as points of
comparison with the previous holes and with the density
log run in this hole (105-555 m). The log is the only
complete vertical section available at this site.

Bulk Density, Water Content, and Porosity

The density in the upper 120 meters of the hole
(Lithologic Unit 1) is apparently uniform at about 1.55
Mg/m?, although control is very poor.

Below 120 meters, the density increases rapidly to
1.65 Mg/m? at 135 meters and then fluctuates between
1.52 Mg/m? (276 m) and 1.80 Mg/m? (220 m), to a
depth of 340 meters. This section represents the major
portion of Lithologic Unit 2. The well-defined density
deviations (from a mean value of ~1.65 Mg/m?) in
this interval probably reflect variations in texture, com-
position, or degree of fracturing.

The lowermost part of Unit 2 (34]-380 m) is a transi-
tion zone (characterized by rapid variations from
1.51-1.67 Mg/m?) to the lower densities (~1.54
Mg/m?), which persist to about 560,

Densities below Unit 2 (380-560 m, Lithologic Units
3, 4, and upper Unit 5) are both low (1.54 Mg/m?) and
uniform. Two major density excursions occur in Unit 3
(381, >2.0 Mg/m?; 405 m, 1.93 Mg/m?), and smaller

deviations are common below 455 meters (lower Unit
4-upper Unit 5).

At some point between 560 meters (bottom of density
log) and 575 meters, the density increases rapidly to
1.83-2.10 Mg/m3. These higher values apparently con-
tinue to the base of the hole and may reflect fracture
closure or lithologic control (e.g., conglomerates, brec-
cias, Unit 5) or both. It was suggested in the 440 site
chapter that the increased densities near the base of the
hole might be the result of annealing of fractures under
lithostatic pressure. Observation of a similar depth-den-
sity pattern at Site 441 also suggests lithostatically in-
duced closure of the fractures, although the fissile
nature of the recovered sediment (and the poor rate of
recovery) indicates that annealing may not be occurring.

The distribution of porosity is analogous to the densi-
ty distribution, from which it is derived (Boyce, 1976) in
large part. The low-density zone (380-560 m) defined
previously is apparent as a zone of high (69 per cent)
porosity. Conversely, the high-density sediment below
570 meters constitutes a low-porosity (20-43 per cent)
section.

Water contents range from about 45 per cent (wet
weight) at the surface to 20 per cent at the base of the
hole. Control is very poor.

Sonic Velocity

Sonic velocity increases from ~ 1.5 km/s at the sur-
face to ~2.7 km/s at depths greater than 570 meters.

The values are similar to velocities obtained at Site
440, with the exception of anomalously high values at
380-390 meters (brecciated siltstone) and below 560
meters (calcareous claystone-claystone-tuffite). The
latter velocities are higher (>2.38 km/s) than any
recorded at Site 440 and are encountered only at depths
greater than 910 meters at Site 441. The elevated
velocities presumably reflect the overconsolidated
nature of these (lower Unit 5) deposits.
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GEOPHYSICS

Seismic Reflection

The Japan National Oil Corporation multichannel
seismic reflection JNOC-2 (Figure 1), which was used to
locate Site 440, was also used to locate Site 441, which is
located about 13 km farther east. Another record, Line
C, was made across the site but normal to Line 2 (Fig-
ure 12).

Reflections in the disturbed sediment prism are
characteristically of moderate to low amplitude, discon-
tinuous, and obscured by diffractions (Figure 2), and
therefore reflections cannot be traced from one site to
the other. Only the acoustic basement reflection has
high amplitude and is continuous enough to be traced
across the margin. The basement reflection extends
from the deep ocean basin and is interpreted to be ig-
neous oceanic crust. This reflector contains side reflec-
tions as well as diffractions indicating a rough surface;
under Site 441, the reflection breaks into vertically off-
set segments. The basement surface is also seen in Line
C, the short reflection record crossing the site and
parallel to the strike of the slope (Figure 12). Here ocean
crust is also broken into segments under Site 441 with

about the same amount of vertical displacement. There-
fore whatever is causing the vertical offset of segments
of the ocean crust reflection may strike transverse to the
trend of the trench. However, whether segmentation of
the oceanic crust reflection is caused by faulting, by sea
floor irregularity developed prior to subduction, or by
effects not removed from the reflection record (migra-
tion, depth) is indeterminate without much more study.
The correspondence between the sea floor and the
breaks in the oceanic crust suggests a velocity or
wavefront effect, but on the other hand, the same con-
figuration would result from near vertical faulting with
sea floor expression.

A small canyon that could mark a transverse fault
near the site is observed in Line C. Thus the fracturing
at Sites 441 and 434 (Leg 56) could be influenced by
transverse faulting. In addition, much of the missing
Pleistocene section may have been removed by canyon
erosion.

Above the basement, short reflections can be seen
among the diffractions that suggest a sequence of
landward-dipping beds or possibly low-angle faults.
However, faults are not expressed by scarps on the sea
floor, although it is rough. Instead the uppermost part
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Figure 12. JNOC multichannel seismic record, Crossline C (after Matsuzawa et al., 1980). Line crosses just south
of Site 441 (see Figure 3). Note reflections from oceanic basement with large fault offset near center and

coherent reflections from sediment above.
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of the record has rare reflections subparallel to the slope
that can be traced through an almost continuous se-
quence of diffractions from the sea floor. The upper-
most reflections are interpreted to be beds in the
downslope apron of terrigenous debris, and some of the
roughness of the sea floor may be caused by slumping.

Beneath Site 441 a reflector can be correlated with the
lithologic boundary between Units 2 and 3, and also
corresponds with a sharply bounded high-density layer
on the downhole log. Another reflector is correlated
with the lithologic boundary between Units 4 and 5.
These reflections are traceable for 1 or 2 km; they ap-
pear near horizontal in seismic record JNOC-2 down the
slope and dip gently south in seismic record JINOC-C
parallel to the slope.

The upper reflections suggest deposition on the pres-
ent slope near the site. They contrast in attitude with
beds that dip steeply landward below 800 meters. The
latter are considered part of the uptilted subduction-
deformed sediment prism, based on their structure in
relation to the trench and the oceanic crust. The former
are structurally in the position of the downslope apron
of terrigenous material. The drilling in Holes 441 and
441A did not penetrate into the reflective sequence pre-
sumed to be partly accretionary (see interpretive sketch,
Figure 13).

Logging

Rapidly deteriorating weather allowed only one log
to be run before the hole was abandoned. A formation
density log and a natural gamma-ray log were made,
despite very poor sea conditions during which the vessel
heave was about 2 meters.

The gamma-ray trace is periodically variable, par-
ticularly below 300 meters, and it shows breaks in the
lithology that were used to define the lithologic boun-
daries. Generally, its small range in value reflects the
monolithologic character of the section, with sharp
spikes that usually but not always correspond to similar
spikes in the density log.

The formation density log is unusual in showing low
density between 380 and 560 meters, below a higher den-
sity sequence. This log is discussed more fully in the
Physical Properties section.

SUMMARY AND CONCLUSIONS

Summary

A main objective in sampling on the Japan Trench
transect at the leading edge of the upper plate in a con-
vergent margin was to study products of tectonic accre-
tion. The products of accretion unique to convergent
margins are difficult to study with sea surface geo-
physical techniques because of their resolution in rela-
tion to the scale of the accretionary structure. Thus the
study of samples from well below the sea floor can con-
tribute significantly to understanding the processes in-
volved.

The term “‘tectonic accretion’’ is sometimes used in a
restricted sense to refer to oceanic material that has been
plastered against the continent during subduction.
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Broader usage defines it as ancient deformed sediment
in land outcrops, where much of the material is trench
inner slope deposits. In the latter sense the term includes
slope sediment involved in the tectonism at the leading
edge of the continental plate.

At Site 440, it was expected that penetration would
reach at least the peripheral part of the accretionary
zone, but the samples indicate that the nonfolded sec-
tion equivalent to that of the deep sea terrace extends to
the middle of the trench inner slope. However, the
presence of a pervasive fracturing and microbrecciation
suggests a strongly stressed environment. Similar condi-
tions might explain the poor drilling conditions and low
core recovery at Site 434, drilled on Leg 56.

Site 441 was where the seismic reflection record in-
dicates the shallowest downslope apron of terrigenous
cover over steeply tilted reflections — presumed to be
from subduction-deformed sediment — within reach of
the drill string. The site is within 0.5 km of proposed
Site J-1a, approximately 3 km upslope from Site 434
and 15 km from the Japan Trench axis. In order to
avoid penetration of a thick slope sequence, a site was
selected on the wall of a canyon (see Figure 12) where up
to 450 meters of the upper part of the slope sequence is
missing.

Drilling was greatly hampered by stormy weather,
which is usual off northern Japan in late November and
early December. Storms caused all the holes at Site 441
to be abandoned; once the ship was driven completely
off site, and part of the drilling was done in gale-force
winds. Because of the proximity of Site 441 to 434 and
the availability of downhole logs, interval coring was
permitted in the upper 600 meters of the section. Core
recovery problems at this site were experienced during
both Leg 56 and 57.

Seismic records at the site include a short north-
trending reflection record (Figure 12) crossing the main
east-trending multichannel reflection record 0.5 km
from the site (Figure 3). The records show reflections
from igneous oceanic crust as acoustic basement. These
are overlain by a series of reflections dipping steeply
landward, which possibly include deep ocean basin
deposits accreted from the downgoing slab. These strata
are covered in turn by reflections subparallel to the
slope which are inferred to represent terrigenous
material deposited on the trench slope. The target
reflection at this site was at about 800 meters in the
landward-dipping zone of reflections.

Late Miocene through Pleistocene sediment was
sampled at Site 441. The time span is determined by 10
microfossils, of which diatoms and then radiolarians are
the most abundant. The site is presently below the
calcite compensation depth, and the lack of benthic
foraminifers throughout the section suggests that it has
been below the CCD since at least the late Miocene.
However, two stratigraphically useful calcareous nan-
nofossil assemblages were recovered.

A rather uniform sedinent accumulation rate of 175
m/m.y. is defined by the datum levels. In five cores
reworked upper lower and lower middle Miocene
diatoms are present in clasts from lower Pliocene and
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Figure 13. Interpretive sketch of JNOC Line 2 across Sites 440, 441, and 434, computed as depth section at 2:1 vertical
exaggeration. Velocities from well logs and unpublished refraction data (Murauchi, personal communication). Re-
flections from oceanic basement indicated by double line; Miocene/Pliocene boundaries in drill core indicated by

short crosslines on drill holes.

upper Miocene claystone breccias. Reworked radio-
larians of that age are also common.

The thickness of lithologic intervals of Miocene age
at Site 441 are about equivalent to coeval intervals at
Site 434, a short distance downslope, and they are
thicker than those at Site 440, a short distance upslope.
No paleontologic evidence exists for repeated sections
or for major hiatuses below a late Pliocene through
Pleistocene hiatus. Only 7 meters of Pleistocene was
recovered. This may be due to the location of the site in
a canyon as previously mentioned. The Pleistocene se-
quence at Site 434, drilled in the same canyon, is also
largely missing.

The lithology of cores from Site 441 is similar to that
at Sites 434 and 440. The composition of sediment at all
these sites is hemipleagic clay and some silt with variable
siliceous-biogenic and volcanic ash components. Most
apparent are differences in the degree of consolidation
and fracturing. It is the physical character of the rock
and the ease with which the section at Sites 434 and 441
fragmented during drilling that prevented penetration
and logging beyond the depths achieved during the brief
periods of operable weather.

The upper lithologic unit in Site 441 is a 132-meter-
thick silty diatomaceous clay with minor clayey silt and
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sand layers and pebbles of presumed ice-rafted origin.
The underlying unit, 248 meters thick, is defined prin-
cipally by its increased lithification and the first ap-
pearance of partings, fractures, and black veins. The
third unit, only 30 meters thick, contains a dense brec-
ciated siltstone. Angular to subrounded siltstone blocks
are set in a matrix of softer material. This unit gives a
distinctive spike on the density log trace, and it could
correspond to a strong horizontal reflection in the
seismic record. But it was only encountered in Hole
441A, despite an attempt to recover it in Hole 441B, so
it may be of local extent. It is interbedded with thin un-
disturbed claystone, siltstone, and sandstone layers.

The two lower units, from 410 to 687 meters, are
similar in composition to the clay in the top of the hole,
with the addition of minor siltstone and several redepos-
ited claystone-breccia intervals. The transported lithic
claystone clasts are middle Miocene and occur in an ear-
ly Pliocene and late Miocene matrix. The lowest unit is
more ash-rich, although the material is not as vitric as
the equivalent interval at Site 434.

A most distinctive feature of the section is its highly
fractured nature. At 130 meters, black anastomosing
veins presumed to be associated with dewatering and
fracturing begin to appear, and the section is highly



fractured on a micro-to-macro scale throughout the rest
of the interval drilled. The high degree of fracturing
produces brecciation. There are similar conditions at
sites farther from the trench, but they are less intensely
developed, not as shallow, and show some rehealing.
Persistent drill cuttings of less than 1-cm-sized lithic
chips that readily break down further characterize cores
from Sites 441 and 434. On a larger scale, fractures cut
across all cores in a variety of orientations and divide
the coherent material into blocks. Some fractures are
healed and show small offset, but other, open fractures
seem to be partings or joints. From the study of weakly
developed slickensides we conclude that movement has
occurred along some fractures. The effects of pervasive
brittle fracturing, brecciation, and redeposition of brec-
cia clasts are clearly seen in the physical character of this
section.

Physical properties measurements are relatively sparse
as a result of the core condition and recovery; the down-
hole formation density log provides the only continuous
record of any kind at this site. Bulk density is generally
uniform in the upper 120-meter zone of relatively un-
lithified sediment; it increases in value and fluctuates as
brittle fracture becomes more prevalent. Below about
400 meters a curious zone of uniform lower density oc-
curs, much as at Site 440 but more pronounced, fol-
lowed at 570 meters by a very rapid jump to high density
values equivalent to those from below 900 meters in
Hole 439. This suggests the beginning of closure and
possible healing of fractures. The porosity values are in-
verse to density as is water content; sparse laboratory
sonic velocity measurements follow a pattern similar to
those at Site 440.

Hydrocarbon gas analyses give a scattered distribu-
tion of values, much as at Site 434. The genetic signifi-
cance of this scatter may be lost in the effects of sparse
sampling; only biogenic gas was detected. If any migra-
tion has occurred, it is minor and its effect is hidden in
the scatter.

Conclusions

The general structure indicated by the seismic reflec-
tion records consists of a lower sequence of beds tilted
from a near-horizontal attitude at the trench to dips of
greater than 45°, 15 km landward, as noted on many
other trench slopes (Seely, Vail, and Walton, 1974) and
an upper sequence of discontinuous subhorizontal beds
in an apron of terrigenous material, some of which may
have been displaced downslope by mass movement.
Sampling at Site 441 was probably limited to the trench
slope apron; the 800-meter-deep target reflection, not
reached here, appears to be near the top of the tilted se-
quence.

The paleontologic evidence for displaced and re-
worked material is consistent with this interpretation,
although this evidence derives from a limited section of
the hole. The uniform rate of sedimentation and lack of
repeated paleontologic zones argue against thick repeated
imbricated sections. Small periodic slumps are one likely
explanation for at least the interval with known reworked
and transported clasts containing microfossil assem-
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blages older than the matrix. According to seismic
records, Site 434, which is 3 km downslope from Site
441, may have penetrated the landward-tilted sequence.
Since Site 434 is lower on the slope and since seismic
records indicate erosion or slumping has cut out the up-
per part of the sequence drilled at Site 441, much of the
Pleistocene and upper Pliocene should be missing. This
appears to be borne out by the drilling. Thus the bio-
stratigraphy and other evidence at Site 434 that suggest
series of repeated sections, possibly due to tectonic “‘im-
brication’’ (see chapter on Site 434), may occur in a sec-
tion below that encountered at 441.

The section penetrated at Site 441 has the same hemi-
pelagic character as sections sampled farther upslope.
There is no evidence of an older section from the oce-
anic plate, although the upper Neogene section at Site
436 on the oceanic plate is lithologically similar to the
Neogene trench slope section, so distinction would be
difficult. Despite its presumed origin from hemipelagic
sedimentation and downslope movement, the section
below 130 meters is far more intensely fractured than
any equivalent section upslope. Therefore it is thought
to be overstressed by tectonism associated with conver-
gence near the trench and to be part of the accretionary
zone in a dynamic sense. Despite being deposited on top
of the tilted accretionary zone this body of sediment
does show a pervasive parting along closely spaced frac-
tures. But the evidence does not exclude the possibility
that fracturing is due to more local causes such as prox-
imity to a fault or break up because of downslope move-
ment. Although the drilling at Sites 434 and 441 gives
nearly the same results the evidence is not definitive,
because these sites occupy similar positions relative to
the axis of the canyon on JNOC Line C (Figure 12) and
could be located along the same (hypothetical) fault
which caused fracturing.

The sequence of fracture development is best in-
dicated by the change in bulk density. It would be unu-
sual in normally compacted sequences for a near-
bottom high bulk density layer to be underlain by a con-
sistent low density interval nearly 300 meters thick
which in turn rests on a higher than normal density in-
terval. This unusual consolidation pattern is most easily
explained as a sequential reaction to combined litho-
static and tectonic stress. Near the sea floor, the sedi-
ment deforms plastically, consolidates, and dewaters.
At greater depth, the now lithified sediment responds to
stress by pervasive brittle fracture which imparts a sec-
ondary fracture porosity. If the fractures are open and
filled with fluid from even higher stressed levels below,
a low density zone could result. The underlying high
density cores may indicate fracture closure as loading
exceeds the pressure limit of the structural seal.

This type of response to overstress is a form of tec-
tonic consolidation. One might speculate that ‘the pro-
cess at Site 441 begins with anastomosing dewatering
veins that develop into an oriented fracture system. The
claystone lacks sufficient biogenic silica and calcareous
material to promote healing of fractures. Dewatering,
fracturing, and microfaulting might be the principal
mechanisms that accommodate volume reduction of a
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deformed sediment prism near the trench and aid in
sediment diagenesis.

There is one implication in regard to the dynamics of
convergence that can be derived from the age of the
tilted sequence below this site. If the interpretation of
the structural data is correct, the age of the tilted beds,
presumed to have been derived partly from the oceanic
plate, can be estimated. Extrapolating the rate of sedi-
mentation linearly from 660 to 800 meters gives approx-
imately 8 m.y. for the minimum age of the top of the
consistently tilted sequence observed in the seismic
records. Hence the youngest age for any material ac-
creted from the oceanic plate at Site 441 would be late
Miocene.
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LZ|=0|Z[2| || |G| = | LITHOLOGY Buiaties 1 em 18
2 |on|d - wl = —q
= = |8 % § = e et é? SMEAR SLIDE SUMMARY
- w|Z|=|O B il S - 2
Y 5 i EE
| En Ofive gray (5Y 4/2) homogeneous well-inchurated 3= E
diatamaceous claystone, inteniely fractured 58
| ¥ throughout. é iz zz
1 ¥ TOTAL C — ORGANIC C - CARBONATE (%)
| 2,68 cm (10,08, 1) 110 248
r 4,82 an (0.9, 0.9, 01 Sandl 2 B
VO rcion t conevns Si 47 30
i Rowvetaridaret CARBONATE BOMB Cay 52 B
- ettt o core baw, 3,137140 cm = 0-1% Euam' 12 &
2 = % 3
e FRACTURE INCLINATIONS Heawy mineral 4 1
aint biack Section 1 Section 2 Section 3 Section 4 Clary minerals 15 6
AR iomnsy, 7em50° Gem 50 B5em0 13 em 35 Volcana glass w4
wiing @em2 TemS50 B5emB0° 16.cm 15 Palsgonite 1 -
2Bom B0 18om 26" BOcm 13° 17 om B0° Glaucanite -~ 1
5V 4 MWem 10" Wem AT SDem 65 17 cm 457 Pyrite 2 -
< 2 2 41cm 28 3on3F S3cm 45 23cm S0 Diatonm 7 n
a BemT BdemdE S6em 3T 20 em 36° Radiolaraing T TR
62 cm 62" B4 om 43 106 om 55° 81 cm 107 Spange wpicules B A
w o E3cm 46" G0em2  115em 15° 05 em 76° Carbarate w7
z & B2em 40" 70em 16" 116 em 68" 107 cm 53° -
o 5 B8 em 35" 76 om 55" 120cm 35" 117 cm 15°
o “ BOcm 22° B2 om 68" 137 em 20° 117 cm BE
= 86 em 37° 01 om 38" 125 cm 78"
" B8 om 60" 135 cm 45" 128 om 3T
52 om 307 146 em 16"
Y2 SMEAR SLIDE SUMMARY 5
3 . . §
)
Very light gray T = g =
mottled tufl - | _ll -4
ith dip 15"
i :is Ef
L
131 3898 3am
8 s Sand 8 36 12
Sil M M
Vary i Clay 6 8 =
b :'I"“f‘\'" L Cuiartz e 31 8
Feldspar i 4 4
4 Mica ™ - -
Heavy mingrals 1 - TR
Clay mirwraly 66 8 50
WVoleanie glass 6 83 10
Palaganite TR TR TR
B |B |FMIFM Glauconite 1 - TR
Diatesms. w2 2
Sponge spicules 3 = 8
bonate 1 - -
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SITE 441  HOLE A CORE & CORED INTERVAL: 386.5-396.0 m SITE 441 HOLE A CORE 6 CORED INTERVAL:
FOSSIL 5 FOSSIL .
& |- | cHARACTER % |- | cHaracter I
O l3u 8| 2| crapnic H o s 8| 2| crarmic [Z5Es
Y2152lw(a] 2] (2] B | LirnorocyEaet. LITHOLOGIC DESCRIPTION == (czlala] (2 |E| & | utwotosey 2502, LITHOLOGIC DESCRIPTION
wZ|nol2(2] (3| |T| % -g“‘ w3(20(2|12] 3] 18| %" TR
Mgz glE] |4 Eoleit £712M%1z1815) |= Hles
= |= [2|z|d|a = |= |2|z|Z|a (| 5
B Bedding, 207 inclination -
clay sited devitrifine ash(?] z
NOTE: Site 414, Corn 3, 244.0-262.5 m and
8 Siltitone (blocks] Site 4414, Corn 4, 320.5-338.0 m: 2
1 wity ctaystane {matris) NO RECOVERY, § \
=2 Dark gray (N3} sitstone s “tectonic breceia™. ‘§ E
- Blocks are dark gray (N3], and the solter w B
% interblock matrix is medium dark gray (N41, 8 Eld
£ Matrix is motw clay rich. Same graded ssnd S E‘ DRILL CUTTINGS THROUGHOUT
B Caleareauy clayitone layers, [ e}
B ﬁ Clavey shitsons = o -
i Bl ; Wery fine graded sandstone g -
w ? graded sandsone =¥ hn
g E Siltstone ~
= = 2 2 =
pes E Dark gray (N3 sandy siltstone .
Dark grav (N3) saniy siltitone -
§ 5 8|8 [rmlFm|  [cg
B
Gended medium sanbitone:
7 om clost "":“*_ Daek gray (N1} distomaceous claystone.
i TOTAL € — ORGANIC C — CARBONATE (%)
3 Coarmgrained; up 1o 2 2132 cm (0.7, 0.6, 1)
wram graan; G0° andg 757
fractures, normal. CARBONATE BOME
B Distomacesus clavmons 3, 105107 em = D-1%
Mehupmegrained sandstone
BB

SMEAR SLIDE SUMMARY

a8 2,28 3
T
gzssafas g k
161 162 28 20 266
Sand M 15 8
S 50 W 17 41 48
Clay 30 66 B » N
Duarts 50 35 7 a7 45
Feldpar 3 B B 1 17
Heavy minevaly 4 1 TR a 13
Clay minerals 7% S B 2 N
Voleanic glas — " TR 3 2
Palagonite - - - -
Glaveonite. - = = ] =
Pyrite 2 1 - = =
Distoms - = 1 = TR
Sponge spicules - = = = =
Lithic fragments 4 = = B -
Carbonate 2 TR 2 2 3

Diatomaceous

95"9‘:‘“3"‘; daystons (M]

@

Diatomacsous
dayitone (D}

a&-ui!ﬂq;

=
=

A

1P ALIS
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SITE 441 HOLE A CORE _H3 CORED 452.0-500.5 m SITE 441 HOLE p CORE 8 CORED ¢ 510.0519.5 m
FOSS5IL e - FOSSIL
v CHARACTER" CHARACTER
8. |2 5l 2| or zZlals 9. [ 8l 2| crarmi
o lEa e 2] |2] B | ShaFHC 235, UITHOLOGIC DESCRIPTION === wl o |28 < LITHOLOGIC DESCRIPTION
Zlwg|E|Q E G| & | LiITHOLOGY ;g... 1 Z laglZ|0 - G| & | LITHOLOGY
2omgiZfglE] (& * Zloass £2on2|2 55| (2] 2
= g 4 el = = a|l<|=
== |R|Z)|2)5 w5 == |2|z|2|B
2
o Otive gray (8Y 3721 claystone :"" drysione NOTE: Site 4414, Core 7, 50055100 m
ol s ul = A " NO RECOVERY
g .
i 1o " ipes 1.2 cam chigs in deiling mud matrix g ’% 3 ” :5':‘:‘,':‘:““ :’tbﬂl&:.iwmmw subraunded, posiisie from
.O L Fine sand-sized 1 em = bpdl |5 ¥ 5 om phanerit basalt;
caloate-cemented o i F 2.5 em medium dark gray (N4} silestans:
8 o congretion = g ¥ 4 and 3.5 cm alive (5Y 4/3] claystone,
o % 34 Dark olive gray 15Y 3/2) diatormaceous clavstone,
] : =] o ! S highly broken up during drilling into fissle chipt
(o] B | B |RP|FP 1§ MI:I;QI“IIMI Tractures e partngs (j
¥
° SHiee a2y BYAR) eipsisr TOTAL € — ORGANIC C ~ CARBONATE (%)
o Fine sand-sired 1 cm 1,60em 11.3,09.3)
5 3 o ewcitycemanad SMEAR SLIDE SUMMARY
E 3 S .
8 3 o 2§
I
z g o MEt
& £ o g i g 3
* Olive grary {5Y 372} cluaystone e
g o 124 188
Sart ]
b & 5o
ay 51 M
3 o Quatt 13 3
(o] Feldsaar 4 2
Heavy minersls 1 -
e} Clay minoraly 5 M
Madium-gramerd Geayish black {N2) re-sedimented shale. Valanic glass n o
Q saindsiane chips Palaganite 1 TR
T PR SMEAR SLIDE SUMMARY Glsuconite 1‘: o
i cleve gray
| B[ (5Y §1) sitaired Sporie solcules P
Tt 5 E Other carbonats 2 2
B Fi 8 = 5 Nannofossils (R
] E E ,—; SITE 441  HOLE A CORE _H4 CORED INTERVAL: 519.5568.0m
§ % B FOSsIL i
. 156 1489 425 S |- |_CHARACTER = gl=d
6 12 H
St w 1o o S i O| & | craPHIC |ofzls LITHOLOGIC DESCRIPTION
Gy % oE 1z (%228 § 5| & | umnotesy ;'99‘:
Fi 3L g 2 lonlz 12 lalE| [3] 2 293
Clay mineral 0 = 13 = a = i ipe{ =
Vdumi:\';ul; 6 3 72 S 2 - 4 2la bt b St
Palagonit £ =
P s - R B Ofive grary [5Y 472} vitric claystone,
iatam 7 - TR
Sponge ipiciies @ - = Geayish black (N2} 1o greenuh gray (56 61)
Carhonate B 3B/ - canglomerate, with 1 om whangulae clasts
of calcareous claystone: bedding dip 1572
1 7] DRILL EUTTINGS. ¥ Tault 757, slickemsides approwsmately
B Fapbe—=-l| W0 mm rounded horizantal,
w - P chsty
E P 1o "J— SMEAR SLIDE SUMMARY
o H Jonid cutTings - i
=] 'E E 10 em calcite- _3! ; 2
& | T TTE | | |4 coneretion clast gisdg: 3
z E 44 | DAILL CUTTINGS. §§ E" z s
I s Oliwe gray (5Y 472) 5 e
2 (-1 - witrhe claystone 31555 P
E __ DRILL CUTTINGS e o
2 Tubf; bedging inclination g0 bl
16, ruvurse fault, 65° e m W OB oW
B Clay % 5 22 40
Hackly cleavage 36°; Ouarr & 1 13 &
becking 21 Foldgror 3 05 B -
glm minerats - 2 &4 -
I 52 15
B AP (= | DRILL CUTTINGS V:lvmmx;; 51 4 8 ;
2&0«!5 - TR 3 —
e - - - A
Farsmiaifers i ==t
Diatomy 1 5 1 =
Radiolasians TR - - =
e P
carbionste 1 -
Zeolite - 1 2 -

1vP LIS
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SITE 441  HOLE A CORE 8 CORED INTERVAL: 568.0-576.6 m SITE 441 HOLE A CORE 11 CORED INTERVAL: 586.0-505.5 m
FOSSIL . FOSSIL I
S |- | cHaracter o 5 = LcHamacter --
o3 3| 2| crarmic | 2fo=3 0. 3. 3l 2| orasuic 2555
o & (e w o = = R at @ o = |
|z ;E E 3 g 5 £ | LitHoLOGY |22 ;:gE LITHOLOGIC DESCRIPTION 1z :g E § 5 =| £ | urHooey Z ol LITHOLOGIC DESCRIPTION
e z =5 wo ==
S FHEHBE =lealze el FE L L aexe
- = |elz|2]a = e e = = |2IZ|Z|a peEN
8| B |AMFP 1 5 BY 312 claystone - [o) Cuttings of dark greenish gray [5GY 3/1) clavstone,
uzJ Five calgitic congrenonary pebbies a¢ concretians rangeng from claystone to fine. 2 3
w = sandstone; one i microboecciated and containg pyrite veing All se different, wr o R breces o whar'k g qray
a z B 1 a9
=3 Mo Core-Catchar sample, = 05 ! [5GY 4/1) overall, typicaly 5 man or smailer angular clasts,
(<3 L]
= g [+] i 7 saema to 1.5 cm; crude straritication indicates possible 357
- H = 1 H 45" dip. Clasty, mostly 5GY B/1 claystone (e smear 48 om),
= E = some yellowish gray (5Y B/1) calcarcous marlitoie, minar
w e ] 10 alive gray (5Y 411] clayrtone, and SGY 2/1 glaueonitic elay-
5 § w ot 128/ wann, silty claystone, and white [NB) wifl. Entira unit incur-
bt - i & . ated; marry clasts soges 10 have tesen lithitadd upon sedi-
I =] 4 %o SRR mentation, while some are rounded and sutured together,
B| 8|RP|RP 3 ings occls  conforming to sdjacent clmt shapes, & rthough saft whan
; i o unly 5Y 31, minar ¢ o,
F o mattins. srbite TANSDOr T
(N8 in chips.
':'II:I;“L cnigon:;u:lc € — CARDONATE (%)
e L 46 cm (0.9, 0.4, 5
SITE 441 HOLE A CORE 10  CORED INTERVAL: 576.5-586.0 m
FOSSIL - SMEAR SLIDE SUMMARY
o |= [LcHaracTeR -
or s 5| 2| crarnic |3me
Lot et P %Y | & Ic lodiz3lE | LITHOLOGIC DESCRIPTION B
1z 2212(8 g 5| & | viHolo oY Zalen Sy e
w3 o€l Z|w w| = _gg ggg-—
£2|oni22 || 8] |4 i iz s
= = |2|2]|2]|5 Bl = Ge & F
148 170 1126
o] Grannish black (56 2/1]. it - =
ol s Drifl cuttings lsmall chips) of silty claystone, g‘l‘\l g g g
B [e] Leeas than 5 mim breccia pieces; (5]  grewn, (521 i N&-NE. g::“ '; $ ;
- - Caleite-cemented breccia; thin veinlets of calcite saparating clots o o &7
s 3 1 o of dark gresnish gray (5G 4/1] claystane (does nat effervesce) and e 5 87 o
8 5 aray [NA-NB) calcarsaus chalici7), silt-sized with dark angular :’:'.:n"‘“:"" 3 i
E’ E (o] saevd-ailt guain tightly cemented, oi . 4 - ™
o Dark gresnish gray (56 B/1) claystons mattled very Sponge spiculés 3 = -
; B a8 fo] stightly with N5, streaked, Cubonste 1 =~ =
3 5 =T o TOTAL C — ORGANIC C — CARBONATE (%)
: 2, 50cm (6.1, 0.3, 48]
Bl % |, —o
& L s SMEAR SLIDE SUMMARY FRACTURE INCLINATIONS
= 57 5 ction 1
=1\ 5 = _F om0, normal B e T
B|B|RP EF cC o § iz s! Bom 40 reveie B9 em 45
E 23 33 E 53 cm 32, reverss B0 em BG”
o T B3cm B8 reverse 03 cm 28
£5 E% | BIcm 51°, reverse 96 cm 39
FOFEE 3 72 em S
148 251 252 CC.T
Sard 1n - 2 -
Sy 30 85 B8 &
Clay 58 15 30 35
Quartz 5 1 1
Feldsam E 4 1 TR
Clay minaraly 58 15 = =
Valcanie glas B 6 2 3
Palagonite - TR - =
Dintoms 1 = 1 -
Spange wpiculer 1 = = =
Carbonare 2 7 B4 85

Iv¥ 41IS
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SITE 441 HOLE A CORE 12 CORED INTERVAL: 505,0-614.5 m SITE 441 HOLE A CORE 14 CORED INTERVAL: 643.0652.5m
% FOSSIL 5 A FOSSIL 3
=,
g ,; CHARACTER 5 @ . glstlo g : CHARACTER % w wne ?3
- e - e
s l=ullwl |a| |2] 8| SRAPHIC loZlzSie LITHOLOGIC DESCRIPTION enixololal [2] [B] B[ SHARHIC ldizss, LITHOLOGIC DESCRIPTION
LZ|281%18| 13| |&| & LITHOLO GY [Z={57 24 S HEIREHEE s LITHOLO GY 25|52
£2lomzizialg) |3 22z £lomzizizle] |3 2=
- = (2|22 Bl = o (@ |2|1Z|2a =5
v Dwill curtings throughout, graanish black (56 2/1-3/1) and [RM Pubbie, N3 silt-piced savione, 3 &m in dismeter, subrounded.
(a] 3% olive gray (5 5/11; vee umear side summary. Chistly clayey
3] - witstane and clavitone. = Paralinl fractures, BY 4/1 slity claystone strangly disturbed by
= = 0.5 [o] @ - = Y BE° inclination drilling, Apparont dip, 40 .
§ -‘E 1 (o] E : § 1 A few motiles, Wery fine laminations of cleavsge NA-NS
= £ 2 E 2 F 192 smaisYan shaw an spparent dip of about 40°
= 1 1.0 (o] =] H B 1 T silty clayttane
o 2 - = Al athir pats ae drdl cuttings (chigs),
& H o | o °l |8 ' ’
e p | X Core-Catcher: Grill cuttings; some shckensites
=2 o o § RM| =] :é Silty claystone with visitibe on emall blockt.
(o] 3 10 prabable dewatering veins.
'd B|amrr|re| |cc! fblacks, 1 mm black straaksl,  YOTAL € ~ ORGANIG G — CARBOMATE (%)
2 (o] Fragment af silty tufl, light ol ve gray, containing numerous il mr i_lne - showing 1,122 em (0.6, 06, 1)
aligned samewhat hranching nan-calcarsous light vains that AT inclingtion,
1O tack offsat. CARBONATE BOMA
] rel  |ec v 14116 em = 01%
TOTAL € — ORGANIC € ~ CARBONATE (%]
1,86 cm (0.5, 0.0, 00 SMEAR SLIDE SUMMARY
SMEAR SLIDE SUMMARY =
s 8
. : L E
i3 HHH
z =
o3 & & Sl 1520000
136 1126 226 sily % 38
Clay 60
g’l"’ ;: ey :: Cuarte 2% 25
It Feidspar 2 5
0 ™ B Heavy minerals ~ — TR
Quatz 2 n 2 Clay mirerals 6 58
Feldspar 8 3 5 ‘Woctanac gless 8 B8
Heavy minesals 1 = - Palaganite 2L iy
Clay mineraly w M » Glaueonits TR TR
Voctanic glas a6 B Pyrite TR 1
Palaganite - = TR Distoms LI
Distomi 2 2 TH
Sponge picules 4 3 TR
Carbonate - 12 1
SITE 441 HOLE A  CORE 13  CORED INTERVAL: 624.06335m SITE 441 _H 0:;“»"\l CORE 15 CORED 652.5662.0m
FOSSIL ;,I
- x®
by r | CHARACTER | slEd S |z CHARACTER | _| n
o, @ H Orlew o| = | GraPHIC 1%‘
T l5z zl8 2| & lﬁ',‘;:,"l‘;‘é, 051225, LITHOLOGIC DESCRIPTION 1z |52|2|8| 2] |E| & | umHoloovEE ;‘EJE: LITHOLOGIC DESCRIPTION
o] - 5= - o Ol
E S EE g * e £2loNZZ gl (5] ® cas
£ |2 g 2 Z < L=
= |= 2; 2la Bl S = |= |o|2|2|&E 2y
=2 Greenish biack [5G 2/1) elaystons, & o Drifl euttings, thraughouwt, BY 3/1 claystone, with pumice
i 2 il mainly drill euttings. e (o] pebibles [2-3 mm diameter ), and black rounded basahi(?
z E E B 2 05 o pebbles scatternd throughout, Possibile caving from uphole,
i Clasytona, fislie, beeaks TOTAL C - ORGANIC € ~ CARBONATE (% o 5
g E i eanly slong partings al of 1,70em (0.9,08, 1) J 8 2 1 o SMEAR SLIDE SUMMARY
E H § several orientations. Fracture s E
b b = wirfaces have slickensidesor  SMEAR SLIDE SUMMARY z 3 1.0— o &
: groaves. = a8
E RM| |S Fractures dipping 85°, & =1 o 130 5
=1 eltnely-spaced partings 8 % o i
B |RP|RP |RP|
Re[R B | B | RP|RP| |CC 40 o
1130
s 0
: t
Sand ‘—”I Clay 0
Sile n Cuartz 6
Clay 78 Feidspar 2
Quarz 8 Clay minerals B
Foldipar 3 Valcanic glass 5
Clay minaraly T8 Diatoms 2
Volcanic glass 2
Diatoms. 4
sprcules 2
Carbonate 3

I+ 4LIS



SITE 441 HOLE B CORE 1 CORED INTERVAL: 3355344.0m SITE HOLE B CORE_H1 CORED INTERVAL: 344.0402.0 m
" FOSSIL o FOSSIL
S |g [cHaracTER | sl=a % |~ |cHARACTER o 0
o, 4l - o o< o =
e (ew Ol = | GRAPHIC Zz5(Q LITHOLOGIC DESCRIPTION e e Q| = | GRAPHIC
1z 22[218| |£]| |G| £ | umolooyEalsy Lz [531218 g 5| & | utHotoey 8o LITHOLOGIC DESCRIPTION
£2ong|21alE| |a] 2 ZHladEE R FHEEREN 23
= = |2|2(2l5 Gilm e = |= |g]2|z|E =
13
! Grannish gray (5GY §/1) witric diatamaceous claystone Viery Taint 2 mm motthe Otive gray 15 413} diatomaceous clavitons
= I A6 with medium dark to dark gray (N3 & 4] 1-2 mm motties, heoughoul e eliystone, faintly fractured,
= ! Breaks inn small ot chips. Ofive gray (Y 5/1] diatom- ﬁ
- aceous calcarsous clayitone, Light allve gray 1o Fght gray i
2 1 BY 6/1-N7} wiil. Contama some olive gray [5Y 5/1) chips, 3 1 :-‘“:x‘:::mﬂ
- § 6 cm. A soft drilling wash with a high water content; o into 2.3 om blocks
E n d structureless. = Cal Sy FAULTS:
= £ o [alive eslgitic motties) 55", 80" clockwise, normal
| = Q &' reverss, rake BO°
% ¢ = Black dewatering vein B, normal, slickensides, rake 807
I i 18", shickentides, 807, normal
\ Dark greendih gray ISGY 4/1) diatomaceous claysrane, wi 27, stickensides, rake BO', elockwise
w Campeessad driling chips less than 1:2 mm in diamet o E Fractursd info 1 em blocks,
‘g 5 i = in mast part: a few drilling tescuits that crumble in 8 S Desorsiented whan drilling; SMEAR SLIDE SUMMARY
8 B | TOTAL € — ORGANIC € — CARBONATE {5 = Sefatmmizn 4 fotine
= 2 = 2.68cm 110,08 1) a 2
a ] 2, 1Mem (12,10, 1) E DHMTEmBCEsUS Clay 1one
- "
Ly SMEAR SLIDE SUMMARY z Grayish green (5G B/
-1 . ~ motties nclined 3§
3 5 {beciing]
s 3 167 1104 2900 380 423
BY 41 & EE z Sand 3 0 7 - 2
3 1 i 10 47 Fractured in 1 om blocks Silt 30 18 W 7 0
5 4 $ ! E 5 Cay & 82 7 r; a8
Quart 8 3 8 8
ele |rmjcn loc] | $ids 2 2§38 a3 Feldspar I T
- Mica - = = - =
113 146 1113 2583 2113 CC.4 3 Claysone Hoavy minerals 1 TR 1 Y =
Sand o & 50 B 5 12 fault 55 Clay minerats 62 50 & ™
il % M \ 3% n Volecanicglas 10 = 2 2 60
Oy 2 | n 5 60 58 aganite =R = - &
Quartz 12 4 48 % 9 8 Glaucanine - - - -
Fuidspwr a6 3 8 4 3 3 Pyrite - - - - 1
Mica - - - - - Foraminiers - - - - =
Heayymineralh 1 TR 1 1 = 1 Light gray clayey tff Distoms "no7 bl 68 2
Clay mineraly 42 42 - B4 B0 56 4 b with 35° dip, Ractiolariany ™ - 1 - =
Voleanicglan 10 & 78 5 2 3 wncertan [drilling Sponge wiicules. 3 2 3 2 -
i 14 1 = TR B FP| [CC disturbance) Carl 3 W E] 3 -
Glauconite T - 2 ™ — 1
tite “: = = =i = -
Foraminifers - = = - = =
Digtoms. LB ] 1 1n % "
Radiolarians - - - - TR po
Sponge ipiculss B 4 - i 8 5
Carbonate m - 8 3 [}

43
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441 HOLE B CORE 2 CORED INTERVAL: 668.0687.0m SITE 441 HOLE B CORE _HZ CORED INTERVAL: 402.0-568.0 m
FOSSIL N - FOSSIL -
- CHARACTER v |= CHARACTER
- | g Zicls 9.2 8| 2| oraeHic |3l
il | O} & | GRAPHIC B LITHOLOGIC DESCRIPTION =g L P g 8 ¢ 2. LITHOLOGIC DESCRIPTION
=2/2|8| |2| |5| & |umoloey Oul 1z |-Z|2|8 § 5| & | umHolooyjzEieney
on|2|Z w2 wl X =32% i’ﬂndzml- wl = aax3
B HHEHBE 2z 2 [2°512|8]8 ~aEEE
® |2|z|=|a el = 2|z|=|8 5w
A=
Dark greenish gray to olive gray (5GY-5Y 4/1)
Duill ewttings theoughout; chips apfeoximately claystone,
3 mm i diamter, 5Y 311, vitric silty claystone,
= ! v
- oy B 105|
) B E f
5] =
=] 2 r
= 8
= §
& B e
% g Dhive gray {5Y 411) claystons, relatively homo:
gerwou; diiturbed by driling.
78 Witrie silty claystone {5GY 471} nighly fracturd, 2
B FM) most pevsistently st sbout 757,
aielajre SGY 471 witric slity claywrane and claystans;
hackly somewhal brasted froctures. predominantly
™.
- 3
TOTALC — ORGANIC C — CARBOMATE (%) E = Oive gray to medium daek gray (57 4/1-N4)
1. 44 cm (0,7,0.7, 0 g 'E claystans,
SMEAR SLIDE SUMMARY = § SMEAR SLIDE AY 3.
o 3 w2 2
= g § 58 = =
8 & < 8§88 5 8 B i
H 2 S IR NNE
£ b £E 2E 2E 3z
33 é o ni"!kl gu as g‘
78 Axis of Told; plana dips 120 1105 35 362 330 550
n 0", the fokded surlsces Sand L] 2 7 5 15 8
Silt 51 ot made up of 1.3 mm St 3 6 I8 45 40 E
Clay ] maillions parallel with Clay 8| 7 55 50 a5 56
Cusrtz n the fold axis (N4-BY /1), Cuarts 6 8 wonon 17
Feldspar 4 4 Faldwar 3 4 6 12 12 7
v 8 TR - - = - -
Hewvy minaraly 2 Heayy minerals TR TR 1 TR % 2
Clay manraly M Clgy minarshh. 69 73 B 31 45 50
Volcanic glass » Valesnic glass (-] a 8 1 TR (]
Pyrite 2 Palagonite 1 TR 1 1 1 -
Diatoms a Glaucanite - 1= -
Radiclarans Hematita - - - TR =
Spange splcules 1 Otive gray (5 471} Pyrite = = — i
Zeolite 2 digtom sceous sifty Digtoms 7 3 I 3 3
B0 daystone, Radiolariams - - T TR -
Sporge micules 4 3 4 4 3
Onher carbonae 2 3 3 3
5 Mannofossils 3 - - = TR
Lithic tragments = - - 7 w0
Several tom of cal nonited ruff and clay
8| |re Cltsings
Fracture Drisntations:
Section 1 Section 2 Saction 3 Section 4 Section 5
17 em 407 55 cm B5° 10em 16° 10em 1° Jom 11°
21 em 45" 10 em 75" 16em > 10 em B2
Tem 10em 35 17em 15 0em 1T
106 em 75 13Bem I Wem 18 ldem 1)
BEem 1 WWem 7T W@ emdT
135em 45 1Mem 12" 1Bem B
omT
Hem 15
24 em BT




SITE 44]

Site 441
,—-0 cm
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