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Figure 1. Location map and Glomar Challenger Leg 31
track for region around Site 298. From map: “Topog-
raphy of North Pacific,” T. E. Chase, H. W. Menard, and
J. Mammerickx, Institute Marine Resources, Geol. Data
Center, Scripps Institution of Oceanography, 1971. Con-
tour depths in kilometers; scale 1:6,500,000.

SITE DATA

Position: 31°42.93'N; 113°36.22'E

Water Depth (from sea level): 4628 corrected meters (echo
sounding)

"James C. Ingle, Jr., Stanford University, Stanford, California;
Daniel E. Karig, Cornell University, Ithaca, New York; Arnold H.
Bouma, Texas A&M University, College Station, Texas; C. Howard
Ellis, Marathon Oil Company, Littleton, Colorado; Neville S. Haile,
University of Malaya, Kuala Lumpur, Malaysia; Itaru Koizumi,
Osaka University, Osaka, Japan; lan MacGregor, University of
California at Davis, Davis, California; J. Casey Moore, University of
California at Santa Cruz; Santa Cruz, California; Hiroshi Ujiié,
National Science Museum of Tokyo, Tokyo, Japan; Teruhiko
Watanabe, University of Tokyo, Tokyo, Japan; Stan M. White,
California State University at Fresno, Fresno, California; Masashi
Yasui, Japan Meteorological College, Tokyo, Japan; Hsin Yi Ling,
University of Washington, Seattle, Washington.

Bottom Felt At: 4659 meters (drill pipe)

Penetration:
Hole 298: 611 meters
Hole 298A: 98 meters

Number of Holes: 2

Number of Cores:
Hole 298: 16
Hole 298A: 1

Total Length of Cored Section:
Hole 298: 145.5 meters
Hole 298A: 9.5 meters

Total Core Recovered:
Hole 298: 66.8 meters
Hole 298A: 0.4 meters

Percentage of Core Recovery:
Hole 298: 45.8%
Hole 298A: 4.2%

Oldest Sediment Cored:
Depth below sea floor: 611 meters
Nature: Silt/shale
Age: Early Pleistocene

Principal Results: Drilled on the lower, inner slope of Nankai
Trough off Shikoku Island, Japan, Hole 298 encountered a
stratigraphic section consisting of 183 meters of
Holocene(?)-late Pleistocene turbidite cobble-size fragment
bearing clayey and silty sand and silty clay underlain by 427
meters of late to early Pleistocene clay(stone), silt (stone),
and clayey-silty sand. Anomalous compaction and small-
scale structures become evident below a depth of 300
meters and increase in intensity downward. Below 500
meters, the beds are overturned, with dips averaging 13°.
Structures in Hole 298, together with reflection profiles,
demonstrate the accretion of an overturned fold consisting
of tectonically dewatered trench sediments as a result of
subduction at a rate of 3 cm/yr.

BACKGROUND AND OBJECTIVES

Background

One of the major gaps in our knowledge of marine
tectonics concerns the kinematics and mechanics of
processes which are assumed to take place in trenches.
Although there is a great deal of circumstantial evidence
to indicate that oceanic lithosphere is subducted and
that some crustal components are accreted at or near
trenches, there is little direct information about the
process responsible and the structures which develop.
Investigations have been greatly impeded by technical
limitations in the great water depths and by the lack of
coherent acoustic returns from within the critical rocks
of the inner slope.

Among the problems presently being discussed are the
origin of the turbidites in the deformed mass attributed
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to subduction, the extent of the deformational zone, the
variations in structural style across this zone, and the
structural variations reflecting differences in subduction
rate and character of the subducted material. A series of
deep drill holes spanning the zone of deformation would
greatly advance the solution to these problems. Holes
180 and 181 of DSDP Leg 18 (Kulm et al., 1973) and
Holes 186 and 187 of DSDP Leg 19 (Creager et al.,
1973) across the Aleutian system, most closely approach
this ideal. This series of drill holes demonstrated that
trench sediments are dewatered, highly deformed, and
accreted to the inner trench slope, and that sediments
deposited on the slope also are deformed, but to a much
lesser degree. However, no hole has successfully
penetrated the lower slope to reveal how the separation
of trench sediments from the downgoing plate occurs.

Objectives

Site 298 was located on the lowermost inner trench
slope of the Nankai Trough (Figure 1) in order to
delineate structural geometries and thus to probe the
mechanism by which sediments of the trench floor are
initially deformed and removed from the downgoing
plate. Changes in physical properties and small-scale
structures that accompanied the subduction process
were also to be investigated. These results could
hopefully be compared with those from DSDP Hole
181, which was drilled higher on the inner slope of the
Aleutian trench, and with data obtained in exposed sub-
duction complexes. From these results an attempt would
be made to develop a structural trajectory of the sedi-
ment from its undeformed state on the ocean floor to its
final lithified state within an orogen.

OPERATIONS

Presite Survey

The proposed location for Site 298 was on the
relatively steep west wall of the Nankai Trough, a
feature thought to represent a recently rejuvenated deep-
sea trench, and line of subduction adjacent to Shikoku
Island, Japan. Location of an appropriate drilling site
was hampered by the steep and rough bathymetry of the
trench wall and the possibility that deformed trench
sediments might create problems in seating the drill
collars. Consequently, one of the major goals of the
presite survey at this location was to pinpoint an area
displaying presumably deformed trench fill covered with
enough soft Holocene sediment (100 m) to accom-
modate the drill collars. Unfortunately, both weather
and mechanical problems created difficulties in meeting
the objectives outlined for this site.

The general area of Site 298 was located about 100 km
northwest of Site 297 on the outer swell of the Nankai
Trough (Figure 1). The site was approached along
330°T. Because of difficulties of locating the site on the
trench wall, an extensive presite survey was commenced
with the objective of delimiting detailed bathymetry of a
portion of the inner trench wall. A rectangular area
within 31°40’N and 31°48'N latitude and 133°38'E and
133°36’E longitude was ultimately surveyed and con-
toured. The results (Figure 2) display a parallel set of
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Figure 2. Glomar Challenger tracks and bathymetric con-
tours (in corrected m) generated during the site survey,
obtained prior to drilling Hole 298. The linearity of
ridges and of the structural step at the base of the slope
are evident for distances of at least 10 km.

ridges interpreted as structurally deformed portions of
trench fill.

An appropriate drilling site was located over an area
of multiple hyperbolic side echos thought to represent
an interridge area with an adequate cover of soft over-
burden. The ship was slowed to 5 knots, and a 13.5-kHz
beacon was released at 0500 LCT, 19 July in a water
depth of 4628 meters (PDR). Weather prognosis at this
same hour indicated nearby typhoon Ellen might pass
across the site area in less than 24 hr, so spudding of
Hole 298 was delayed 12 hr in order to reassess the
storm’s path and progress.

Drilling Program

Hole 298 was spudded at 1830, 20 July without any
problems, although wind and swell were increasing.
Coring intervals could not be predetermined due to un-
certainties concerning the lithologies to be encountered.
Details of the coring are found in Table 1.

The penetration in Hole 298 was 611 meters. At this
point it was decided to drill a new hole (Hole 298A) in
an attempt to locate the boundary between a hard shale
and softer overlying sediments and to conduct heat-flow
measurements in the softer interval.

Prior to spudding Hole 298A, a malfunction of the
Bowen power sub hydraulic system reoccurred with a
resulting loss of time. The assembly was temporarily
operated with the coring reel hydraulic system. Hole
298A was spudded in the same water depth as Hole 298.
The interval from 0 to 50.5 meters was washed in soft
sandy silts, with Core 1 cut at 50.5 to 60 meters. The first
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TABLE 1
Coring Summary, Site 298
Cored Interval
Below Bottom | Cored RO w
Core (m) m) [ m [ Remarks
Hole 298
1 0.0-3.0 3.0 0.2 7.0 | Punch Core
Wash 3.0-126.5
2 126.5-136.0 9.5 3.5 37.0
Wash 136.0-174.0
3 174.0-183.5 9.5 0.6 6.0
4 183.5-193.0 9.5 3.8 | 40.0
5 193.0-202.5 9.5 2.1 22.0
Wash 202.5-278.5 50 bbls mud
6 278.5-288.0 9.5 3.0 33.0
Wash 288.0-297.5
7 297.5-307.0 9.5 3.0 33.0
Wash 307.0-316.5 Increase in drilling rate
8 316.5-326.0 9.5 1.8 19.0
Wash 326.0-335.5
9 335.5-345.0 9.5 2.9 | 31.0 | Slower drilling rate through Core 16
Wash 345.0-364.0
10 364.0-373.5 9.5 5.7 | 60.0 | 50 bbls mud
Wash 373.5-392.5
11 392.5402.0 9.5 4.8 51.0
Wash 402.0421.0
12 421.0430.5 9.5 6.4 67.0
Wash 430.5468.5
13 468.5-478.0 9.5 73 77.0
Wash 478.0-516.0 50 bbls mud
14 516.0-525.5 9.5 5.0 53.0
Wash §25.5-563.5 50 bbls mud
15 563.5-573.0 9.5 9.5 |100.
Wash 573.0-601.5
16 601.5-611.0 9.5 7.2 76.0
Total 611.0 145.5 66.8 | 46.0
Hole 298A
Wash 0.0-50.5
1 50.5-60.0 9.5 0.4 4.0 | Heat flow taken at 60 meters
Wash 60.0-98.0 Heat flow taken at 98 meters
Total 98.0 9.5 0.4 4.0

Figure 3 contains graphs of drilling rates and lithology.

heat-flow measurement was taken at 60 meters. This
same sediment was washed from 60 to 98 meters where
an additional heat-flow measurement was attempted
(Table 1).

Tropical depression Ellen recurved south-southwest
and reached Site 298 at about 0100, 23 July with winds
of 45-60 mph, and seas of 8-12 feet. This required
premature retrieval of the heat probe and abandonment
of Hole 298A. A major power failure occurred while
bringing the heat-flow instrument out of the hole. The
loss of computer and automatic positioning resulted in
drift of the ship 762 meters (2500 ft) from the hole. The
drill string and heat probe were pulled from the hole.
Ultimately, inspection revealed that the bit and two drill
collars had broken off during drifting of the ship, with
damage to three bumper subs and two other drill collars.
Site 298 was departed under storm conditions at 1300,
23 July.

LITHOLOGY

Drilling operations at Site 298 reached 611 meters
below the sea floor recovering 17 cores. The two holes
(298, 298A) represent the deepest penetration into a

trench inner wall and provide a good example of the
lithology and structural geology of sedimentary deposits
incorporated into this environment. For consideration
of lithology and structural geology, the cores from both
holes are grouped together and subdivided into two
lithologic units (Table 2 and Figures 3 and 4).

Unit 1

Unit 1 makes up Core 1 through Core 5, Section 1,
120 cm in Hole 298 and Core | in Hole 298A (0-194.2
m). This unit is composed predominantly of clayey silt,
and clayey and silty-sand, with minor amounts of small
cobbles of silty claystone, calcareous sandstone, and
limestone.

The included Pleistocene cobbles serve to distinguish
Unit 1 from Unit 2, The cobbles occur as irregularly
shaped clasts up to 10 cm long. The clasts occur in both
muds and sands. Macroscopic and microscopic inspec-
tion of sand beds indicates the presence of up to 25%
granule and sand-size lithic fragments of similar com-
position. The larger cobbles show weathering rinds and
borings.
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TABLE 2
Unit Descriptions, Depths, Thicknesses, and Ages, Site 298
Unit and Descriptions Depth (m)  Thickness (m) Age

1 Cobble-bearing 0-94.20 194.20 Late
clayey and silty Pleistocene-
sand, and silty- Holocene (?)
clay

2 Fissile clay 94.20-611 427.25 Early
(stone), silt Pleistocene

(stone), and
clayey and
silty sand

The sand of Unit | is medium to fine grained, and oc-
curs in beds up to 1 meter thick. One bed is graded,
although this may be a drilling artifact. The
foraminifera present were apparently reworked from the
neritic environment, probably by turbidity currents.
Unit 2

Unit 2 is found in Core 5 (excepting the top 120 cm)
through Core 16, Hole 298 (194.2-611 m). The dominant
lithologies are fissile clayey silt (stone), silty clay (stone),
silt (stone), and clayey and silty sands. Below Core 8,
Section 1 the cores were not split in order to preserve
their structural integrity. Clayey silt (stone) and silty
clay (stone) are the most abundant lithologies of Unit 2.
In addition to clay, quartz, and feldspar, these deposits
include a few percent volcanic ash and nannofossils,
with traces of radiolarians, sponge spicules, and
diatoms. The muddy sediments become consolidated
below Core 5. In general, the muds of Unit 2 are over-
consolidated (see Physical Properties section).
Conversely, the sand beds remain unconsolida-
ted/unlithified throughout Unit 2.

Sand and silt beds occur in 8 out of 12 cores of Unit 2.
These beds range up to 16 cm thick with a maximum
grain size of medium sand. They are both graded and
ungraded; the graded beds are characterized by sharp
bases and indistinct tops. Positive identification of silt-
clay graded beds in Cores 8-16 required close examina-
tion of locally split core surfaces. The grading, sharp
bases and indistinct tops, and poor sorting of the sands
and silts of Unit 2 suggest deposition by turbidity
currents.

Ash deposits occur in Cores 5, 9, and 10. One bed is 9
cm thick and distinctly graded. The primary con-
stituents of the ash beds are volcanic glass and feldspar.

Lithologic Interpretations

Both Units | and 2 are composed of an interbedded
sequence of hemipelagic muds and turbidity current
deposits. Significant concentrations of nannofossils, but
only traces of foraminifera in the hemipelagic muds, in-
dicate deposition above the local carbonate compensa-
tion depth probably near the lysocline. The ubiquity of
density current deposits suggests ponding of Units 1 and
2 in a basinal environment, probably the Shikoku
Trench. A minor part of Unit 1 may have accumulated
in synformal depressions of the trench inner wall during
uplift; however, neither the seismic reflection profile nor
PDR record show any ponded sediment.
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The conspicuous sand beds and cobbles of Unit 1
suggest it is more proximal than Unit 2 which contains
predominantly mud rocks with minor sand and silts.
This upward coarsening (Unit 2-1) (Figure 4) could be a
time-dependent variation associated with Pleistocene
climatic fluctuations (of which there were several). Since
the lower Pleistocene rocks at this site did not show a
similar variation, this single coarsening episode is
probably not climatically induced. The upward coarsen-
ing could also be due to a migrating submarine dis-
tributary channel. However, if the Shikoku Trench is
supplied from the north (Hilde et al., 1969), any dis-
tributary channel would tend to remain relatively
stationary along the inner wall due to Coriolis force
and/or landward tilting of the trench fill during subduc-
tion. Finally, the coarser sediments of Unit 1 could also
be due to a seaward transgressive proximal facies. This
relationship implies accretion of the trench inner wall
and/or subduction of the trench sediment prism.

Unit 1 turbidites are of neritic derivation (see section
on Biostratigraphy) and could have picked up some of
the rock clasts during movement to the deep sea floor.
However, some of the clasts are included in the
hemipelagic muds suggesting local derivation probably
from the structural scarp of the trench inner wall. Thus,
the mud beds which include mudstone clasts are
probably gravity slide deposits (olistrostromes) derived
from the trench inner wall.

STRUCTURAL GEOLOGY

The main structural feature of Site 298 is long
wavelength folding which cannot be analyzed within an
individual contiguous core. Therefore, most structural
study was directed towards the recording of orientations
of bedding, hackly fracture surfaces (possible cleavage)
with the intent of building a statistical picture of defor-
mation (Tables 3-5, Figure 5).

Structural Elements

Bedding is the primary structural datum by which the
fold is defined. A secondary S-surface cross-cutting bed-
ding occurs in Cores 8 through 16. Superficially this
structure is manifested by discontinuous hairline frac-
tures (<1 cm long) inclined at low angles (10°-20°) to
bedding. Where recognized, the separation of secondary
fractures ranges from 1 mm to about 5 mm.
Macroscopic and microscopic observations did not
detect any obvious mineral orientation associated with
these fractures. These hackly fractures are interpreted as
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Figure 4. Generalized stratigraphic sequence, Site 298.

an incipient cleavage. Support for this interpretation is
found in the symmetry of orientation of the fractures to
the fold axial plane, nevertheless their origin needs to be
more firmly documented.

High angle fractures (average 51°) occur in the con-
solidated rocks at the site. These surfaces are regular
planes locally occurring in conjugate sets and/or show-
ing slickensides. According to Howard Ellis (personal
communication, 1973) slickensided surfaces commonly
occur in drill cores of clay shale. They apparently
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develop in response to drilling stresses which exceed the
confined shear strength of the shale. The extent, planari-
ty, and high-angle orientation of these drilling-induced
surfaces generally allow them to be distinguished from
the natural cleavage fractures. These high-angle frac-
tures grade into artificially produced kink bands.

Orientation Analysis

The cores from Site 298 have no horizontal orienta-
tion. It is assumed that they were cored vertically since
the maximum deviation of drill holes at this depth
averages less than 2°. The apparent intersections of bed-
ding and cleavage are horizontal suggesting a similar
orientation for the major fold axes. Since the cores are
locally broken, it is assumed that the beds on both
flanks of any large-scale fold dip in the same direction.
The large-scale symmetry of folding can be analyzed,
but horizontal orientations cannot be predicted. Howev-
er, the site survey revealed horizontal co-linear ridges
paralleling the trench axis which allow the inference of
the folding trend.

The limiting factors in defining the geometry of the
fold are: (1) the direction of tops and altitude of bed-
ding, (2) the orientation of the axial surface, and (3) the
external geomorphic surface of the fold. By definition
axial surface contains the hinge lines of all folded layers.
For a symmetrical fold this surface bisects the interlimb
angle and splits the fold into mirror images. The plane
symmetrical to the bedding of Cores 13 and 14 (upright)
and 15 and 16 (overturned) is inclined at about 9° and
provides one approximation to the axial surface.
However, if the fold is asymmetrical due to tectonic
thinning of the lower limb, the axial surface would be
steeper than 9°. An observed cleavage is probably of the
axial plane variety (see below). If so, the average inclina-
tion of cleavage provides another approximation of the
axial surface. The plane of symmetry to cleavage in
Cores 13 and 14 versus Cores 15 and 16 is inclined at
12.8°. The profiles presented by Hilde et al. (1969) in-
dicate landward dipping faults and a possible seaward
asymmetry of folds. Thus, a combination of seismic
reflection and core orientation data indicates that the
axial surface of the cored anticline dips from 9° to 13°
toward the trench inner wall.

Sedimentary layering apparently follows the form of
the external surface of the ridge along the lowest portion
of the trench inner wall (Hilde et al., 1969). The
bathymetry (ignoring any hyperbolic distortion) of the
basin and ridge at Site 298 was used as a constraint on
the form of the folded surface. Modifications are includ-
ed for minor infilling of the basin at the site and for
slumping off the seaward face of the ridge.

Based on the preceding data and assumptions, two
possible geometries are presented for the cored anticline.
One (Figure 5B) is based on an axial surface dipping at
9¢ (from symmetry of bedding) and another (Figure 5A)
utilizes an axial surface dipping at 12.8° (from symmetry
of cleavage). The resulting fold would be classified as
tight in both cases and as either recumbent (first case) or
overturned (second case). Although the cleavage orien-
tations are less numerous and accurate than those of
bedding, the real fold is probably more like that por-
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TABLE 3
Inclination of Bedding Planes, Cleavage, and Drilling Induced Fractures

Average Inclination/Bed ding | Inclination/Cleavage | Inclination
Depth Section Core Section Core of Drilling  Bedding
of Core | Sample | Average Average | Average Average | Fractures Tops
322 8-1 0 _
. 82 5 3 20 & 65
3 -1 0 28
9.2 3 3 27 %
10-1 5 16
369 10-2 8 29
103 13 1 22 2
104 15 - 40
11-1 14 -
11-2 9 -
397 | 113 6 § - g
114 2 - 45 &
12-1 9 12 50 -
12-2 9 22 60
426 12-3 3 7 18 17 68
124 5 -
12-5 8 - 35
13-1 0 =
13-2 8 17 45
473 133 14 4 = 2 45
134 6 30
14-1 6 19 33
521 14-2 0 10 45
143 0 2 22 H
144 0 35 i Sl 4
15-1 22 10 Bowigy
15-2 14 -
15-3 8 13 - 10
154 | 11 - g
15-6 13 - 90 2
16-1 13 0 g
16-2 13 0 8
606 16-3 11 12 - 0
164 9 -
16-5 14 -

Note: Data averaged for each section and core.

cleavage measurements were recorded.

TABLE 4
Average Inclinations of Bedding and Cleavage on Upright
and Overturned Limbs of the Anticline

Average Dip Average Dip
of Bedding of Cleavage
Upright Beds
1. Core 8 through 14 5.6 21.3
2. Cores 13 and 14 4.5 20.5
Overturned Beds
3. Cores 15 and 16 13.5 5.0

Note: In (1) the average begins at Core 8 since here we
noted the first evidence of broad deformation defining
the overturned anticline; (2) compiles structural data
for an upright section approximately equal in thickness
and adjacent to the overturned section (3).

trayed in Figure 5A since the overall geometry is likely
to be asymmetrical.

If the upper limb of the fold is entirely composed of
trench turbidites, then the half wavelength of the over-
turned anticline is approximately 500 meters. This

Dashes (—) indicate intervals for which no

dimension is within the range of half wavelengths
measured from subaerially exposed trench deposits
(Moore, 1973). The frequency of coring precludes any
major dip reversals in the upper limb; however, parasitic
folds may occur.

Stratigraphic evidence nowhere demands major thrust
faults, but small-scale thrusts might be present
throughout the cored sequence. Thrust faults could
form by the attenuation of the lower limbs of overturned
anticlines. If so, the dip of the thrust planes would be
subparallel to the axial surface of folding.

Structural Interpretations

The sequence cored at Site 298 consists of trench
deposits which have suffered overturned-recumbent
tight folding early in their structural history. The fold
axes apparently trend parallel to the trench axis and the
fold axial surface is probably overturned seaward. The
deformed rocks show an apparent incipient cleavage
which developed during subduction.

The folded rocks of Site 298 are overconsolidated for
their present depth of burial indicating that they have
been strain hardened by excess stress of tectonic origin.
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TABLE 5

Axial Surfaces and Planes

of Cleavage Symmetry

Determined From Average Dips of Bedding and

Cleavage on Limbs of O

verturned Anticline

Inclination of

Portions of Fold Limbs

Plane Symmetrical Inclination of
Compared to Bedding Plane Symmetrical
Upright Overturned (Axial Surface) to Cleavage
Core 8 Cores 15 9.6 13.2
through 14 and 16
Cores 13 Cores 15 9.0 12.8
and 14 and 16
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Figure 5. Fold reconstructions. Inclination of axial surface in (a) defined by plane symmetrical to cleavage surfaces of Cores
13-16. Inclination of axial surface in (b) determined from plane symmetrical to bedding in Cores 13-16. (a) is preferred

reconstruction (see text for explanation).

The lithologic and structural data from Site 298 prove
that subduction of trench sediments does not necessarily
form a mélange nor possibly even a broken formation.

PHYSICAL PROPERTIES

The abnormal fissile character of the silt-rich
claystones places most of the physical property data out-
side a comparison range with the other sediments en-
countered on Leg 31.
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Bulk Density, Porosity, and Water Content

Since the sediment from Cores 5 through 16 consists
of a fissile clayey mudstone that normally was broken
into pieces within the core liner, the GRAPE analog
records are very erratic (Figure 3). Estimating the
average over part or total of a curve could easily result
in errors. For that reason many section curves had to be
divided into portions.



When the record from a section was divided into a top
and a bottom part, the density value obtained from the
top part was always lower than that of the bottom part.
The reason for this has to be due to the fissility of the
material, which will create more hair cracks the longer
the material has to move up into the core barrel. In this
case the rocks endure more friction over a longer period
of time as well as vibration.

Also, when comparing the water contents, obtained
via the syringe method or the cube or chunk method for
the same interval, it becomes apparent that the chunk
method gives higher values. The main reason for this
discrepancy is due to the fissile nature of the sediment
which breaks up when the syringe is inserted. This not
only results in inaccuracies in volume, but allows water
vapor to escape instantly when the sample is extruded in
the small metal weighing dish.

Both groups of density values (GRAPE and
laboratory) clearly reveal that values of 1.5-1.55 g/cc are
normal for the upper sediment above Core 3. The fissile
sediments (Cores 5 through 16) reveal some scattering,
but nevertheless show that only a minor downward in-
crease in density exists over the 437-meter interval cor-
ed. Since the values are higher than normally en-
countered in clayey sediments at equivalent burial
depths, this points to pressure influences other than
overburden or removal of former overburden. It also
suggests that the pressure did not vary much for the
total package of cored fissile sediments.

Only one piece from Core 10, Section 4 was measured
on the GRAPE unit outside its liner. If core diameters
are assumed to be 2.65 inches the analog record in-
dicates a bulk density of 1.83 g/cc and a porosity of
53.8%. Using the actual diameter of 2.45 inches, the den-
sity increases to 1.98 g/cc, and the porosity then becom-
es 43.9%. While it is not valid to assume that all densities
should be increased by 0.15 g/cc due to minor diameter
variations, a general increase by 0.1-0.15 g/cc seems
proper. This increase places all laboratory values con-
sistently lower than the GRAPE values as had been the
case with the findings from other holes during Leg 31.

The water-content values are opposite from the bulk
densities, and due to less scattering (Figure 3), they
make the above-mentioned conclusions more positive.

Vane Shear

Vane-shear measurements on the upper cores from
Holes 298 and 298A are too few to allow comparison
with similar measurements carried out on other holes.
The material has a very high water content, and conse-
quently a low shear strength. Drilling deformation is the
main reason for these low strength values.

Unit 2 (Cores 5 through 16), consisting of fissile silt-
rich claystones, did not lend itself too well to vane-shear
measurements. Normally cracks appeared when inser-
ting the vane, while in other cores the material was too
hard. The limited number of data from Cores 2 through
6 may for that reason not be reliable also due to the wide
scattering of values.

The wide variety of data obtained on Sample 6, CC,
while still in its steel container, proves that
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measurements in the horizontal plane have little or no
value in this material that breaks up into little flakes un-
der little pressure.

Sonic Velocity

The fissile nature of the sediment made it impossible
to obtain more than a few data (Table 6, Figure 3) in
spite of the many attempts made. Two measurements on
Core 2 resulted in a sonic velocity of 1.52 km/sec. Cores
4 through 8, as well as Cores 10 through 16, had a very
high attenuation due to their fissile nature. Two
measurements on Core 9 resulted in an average sonic
velocity of 1.73 km/sec, which probably is lower than
the actual in situ velocity.

Thermal Conductivity

Thermal-conductivity measurements were made on
the cored sediments obtained from Hole 298 and in situ
temperature measurements were measured at subbot-
tom depths of 60 and 90 meters in Hole 298A. The
results of these measurements are shown on Table 7 and
summarized on Figure 6.

Thermal-conductivity values seem to show a twofold
breakdown: values averaging 2.0 X 10-? cal/cm sec®°C
characterize a sandy sediment, while a slightly higher
mean value of 2.6 X 10~* cal/cm sec®°C characterizes a
dry clay. It is possible that in situ thermal conductivities
of the dry clay (shales) would be higher than the
measured values, because of the lower water content of
these sediments under higher pressures.

Heat Flow

The in situ temperatures measured at 60 meters in
Hole 298A were steady and seemed to be reliable values.
Data from the 98-meter depth could not be reduced
because of computer problems. The 60-meter reading
showed an initial steady temperature value much lower
than the value recorded for the sediment. This value is
assumed to represent bottom-water temperatures
(Figure 7).

Between the temperatures recorded for the bottom
water and the sediment, the thermal gradient was es-
timated to be 0.67 X 10-* °C/cm. Unfortunately, no
thermal-conductivity measurement was made for the
upper 60 meters. The only available conductivity data
from the former surface observation are 2.25 X 10-3
cal/cm sec®C at 31°45'N, 133°46’E and 2.19 X 10—}
cal/cm sec®°C at 31°47'N, 134°08'E. Assuming 2.2 X
10-* cal/cm sec°C for the thermal conductivity, the
heat-flow value is 1.5 X 10~ cal/cm? sec.

TABLE 6
Sonic-Velocity Measurements, Site 298

Sample Depth in  Velocity
(Interval incm) Hole (m)  (km/sec)
2-3,40.0 129.90 1.523
9-1,44.0 335.94 1.709
94.44.0 34044 1.729
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4
Thermal Conductivity in 107 cal/cm sec°C

Depth (m)

TABLE 7
Thermal Conductivities Measured at Site 298

Thermal conductivity in
Sample Hole 1073 cal/cm sec °C
(Interval Depth | Needle From Water
in cm) (m) Probe | Average Content
2-3 20 130 2.00 2.00 2.09 £ 0.11
4-2,60 186 2.19 2.39 2.67+0.17
4-2. 100 186 2.59
5-2,35 195 249 2.58
5-2,110 196 2.67 3.22 +0.22
7-2,14 299 2.31 2.39
7-2, 85 300 247
9-1, 30 336 2.22 2.33
9-1. 85 336 243
9-1,144-150 | 336 3.02+0.20
10-2, 60 366 2.71 2.71
114,55 398 2.61 2.53
114,120 398 2.59
123.40 424 240
12-3,90 425 2.33 247
124,40 426 2.55
124,100 427 2.54
13-3,40 472 2.67 2.64 3.20 = 0.26
13-3, 110 473 261
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0 T T
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Figure 6. Thermal-conductivity results, Site 298.
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GEOCHEMICAL MEASUREMENTS

Alkalinity, pH, and salinity measurements are sum-
marized in Table 8.

Alkalinity

The average alkalinity of the 10 samples is 11.06
meq/kg. The 10 values and the average are all above the
surface seawater reference value of 2.54. The highest
value (21.70) is found in Core 4, Section 2 186.5 meters
below the sea floor. A rather sharp increase in values oc-
curs between Cores 2 and 4 (3.62 to 21.70, respectively).
The two cores represent two different lithologic units. A
sharp drop in values occurs between Cores 11 and 13
(13.10 to 8.80). Both cores are in Unit 2.

pH

The average of the pH values obtained by punch-in
and flow-through methods were all below that of the
seawater reference (8.27 and 8.14). Four punch-in pH
values averaged 7.88, while 10 flow-through values
averaged 8.02. The punch-in pH values show a tendency
to decrease with depth, while flow-through show two
zones of decreasing values and two zones of increasing
values, relative to the average of 8.02,

Salinity

Ten salinity measurements in Hole 298 averaged
34.4%/00. The average value is the same as the overlying
seawater value of 34.4°/o0., The trend of the salinity
values shows two zones of relatively low values (Cores 4
to 7 and 11, 13, and 14), with high values occurring in
Cores 9, 15, and 16. This is similar to the trends shown
for pH.

PALEONTOLOGIC SUMMARY

Introduction

Nannofossils, foraminifera, radiolarians, diatoms,
and a few scattered silicoflagellates were recovered from
most of the samples in Holes 298 and 298A, with all
groups indicating a Holocene (?) and Pleistocene age for
the entire section.
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Cores 1 through 4 in Hole 298 (0-193 m) and Core 1
along with a heat-flow probe sample in Hole 298A (0-
183 m) contain few to abundant well-preserved
specimens of all fossil groups with all species pointing to
a late Pleistocene or Holocene age for this interval, The
base of the calcareous nannofossil Emiliani huxleyi Zone
which approximates the Holocene/Pleistocene boun-
dary? occurs in Core 4, Section 1 (146.5 m). The
remainder of Core 4 through the top of Core 7 (146.5-
318.0 m) in Hole 298 is late Pleistocene in age by nan-
nofossil zonation.

Cores 7 through 16 (318-611.0 m) contain nan-
nofossils, planktonic foraminifera, and diatoms with
calcareous nannofossils indicating an early Pleistocene
age for these sediments.

Calcareous Nannofossils

Samples from Core 1 through Core 4, Section 1 of
Hole 298 and Core 1 of Hole 298A contain a moderately
to well-preserved nannofossil assemblage with common-
ly occurring specimens of Emiliania huxleyi, which clear-
ly places these samples in the Holocene-late Pleistocene
E. huxleyi Zone.

The absence of E. huxleyi, and the presence of
Gephyrocapsa oceanica in Sample 4, CC through Core 7,
Section 1 permits placing samples from this interval in
the late Pleistocene G. oceanica Zone. The remainder of
the samples from this hole (Samples 7, CC through 16,
CC) contain commonly occurring specimens of G. carib-
beanica, but G. oceanica is no longer present, which
suggests that this sample interval belongs in the early
Pleistocene G. caribbeanica Subzone.

Foraminifera

Occurrence of foraminifera is generally restricted to
the sandy lithofacies which is developed mainly in the
upper layers of Cores 1 through 4. The fauna consists of

2The base of this zone is equivalent to an age of 0.2 m.y.B.P. accor-
ding to Bukry (1973).

TABLE 8
Summary of Shipboard Geochemical Data, Site 298
Sample pH
(Interval Depth Below Flow Alkalinity  Salinity Lithologic
in cm) Sea Floor (m) | Punch-in | through (meq/kg) (°/oc) Unit
Surface seawater reference 8.25 8.14 2.54 344
2-3, 135-150 130.9 7.95 8.19 3.62 34.6 Unit 1
4-2, 144-150 186.5 7.94 791 21.70 34.1
6-1 144-150 280.0 7.83 791 16.03 344
7-1, 144-150 299.0 7.82 8.03 13.59 34.1
9-1, 144-150 337.0 - 8.11 15.54 35.2
11-3, 144-150 397.0 - 7.92 13.10 33.8 Unit 2
134, 144 150 474.5 - 7.88 8.80 34.1
14-3, 144-150 519.0 - 8.02 6.35 34.1
15-3, 144 150 568.0 = 8.15 5.57 34.6
16-2, 144-150 605.0 - 8.08 6.35 349
Average 7.88 8.02 11.06 344
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probable late Pleistocene planktonic species accom-
panied by benthonic species characteristic of subtropical
to temperate, neritic environments (including Pseudo-
rotalia gaimardii, Ammonia takanabensis, etc.).

Among 11 core-catcher samples from the lower mud-
dy facies of Hole 298, only Core 12 yields Pleistocene
juvenile forms reflecting the minor sand content within
the facies. An exclusively planktonic foraminiferal fauna
is present in an ash layer within the muddy facies in
Sample 9-1, 70-73 cm.

Radiolarians and Silicoflagellates

Radiolarians and silicoflagellates at Site 298 are dis-
appointingly low in abundance. Rare to few specimens
of a moderate to well-preserved Quaternary species were
recovered in Hole 298, Cores 1 and 2 and Hole 298A,
Core 1. This assemblage consists of radiolarian taxa
which are commonly found in the surface sediments of a
warm-water region. All the remaining samples (Cores 3
through 16) of Hole 298 and sediments collected from
the heat-flow probe at 98 meters of Hole 298A contain
either rare undiagnostic species or are completely barren
of these microfossils.

Only a few silicoflagellates were recovered in samples
from Cores 1, 8, and 12 of Hole 298, and in a heat-flow
probe sample of Hole 298A (98 m).

Diatoms

Diatoms occur throughout the samples at Site 298 ex-
cept for Cores 9, 11, 15, and 16, where they are very few
or completely absent. Species present include: Actino-
cyclus ehrenbergi, Cocconeis scutellum, Diploneis bom-
bus, D. smithii, D. suborbicularis, and Grammatophora
oceania, and fresh-water species: Cocconeis placentula v.
euglypta, Cymbella spp., Epithemia zebra, E. sorex,
Gomphonema spp., and Melosira granulate.

Cores 1, 2, 12, and 13 of Hole 298, and a sample from
the heat-flow probe at 98 meters of Hole 298A belong to
the Pseudoeunotia doliolus Zone (Holocene-Pleistocene),
as determined by the presence of the nominated taxon.

SUMMARY AND INTERPRETATIONS

Summary

Hole 298 penetrated 611 meters into the lower inner
slope of the Nankai Trough and demonstrated that
marked compaction and deformation associated with
subduction occur very close to the interface between un-
deformed trench wedge sediment and the acoustically
opaque material of the trench slope. Almost the entire
drilled section comprises a turbidite sequence which was
deposited in the trench wedge. The sequence consists of
clay, silt, and a smaller amount of sand all of Quater-
nary age.

The upper 200 meters or so include semilithified
cobbles, which are used to define a separate upper strati-
graphic unit. These cobbles seem most likely to have
come down the inner slope, perhaps in canyons which
dissect the deformed sediments. They were probably
transported in pieces about the size recovered.

Because of low recovery and drilling deformation,
there is little information from the upper 100 or 150
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meters of the hole. However, the ages and sedimentation
rates indicate that little of any material has been re-
moved from the top of the section, and that sedimenta-
tion has been nearly continuous. A change from trench
floor to slope sediments somewhere in the upper 150
meters is expected and might be placed near 125 meters,
where a sharp drop in penetration rate and sample
porosity occur (Figure 3).

The main sedimentary sequence becomes irregularly
finer grained with depth and includes very few sand beds
in the lowermost 100 meters, where the sediment ap-
proaches a fissile silty claystone or shale. This
downward progression of lithology apparently reflects
both an increase in deformation and a gradual facies
change as the drill penetrated loci of deposition chang-
ing from the inner edge of the turbidite wedge toward
the outer edge.

Deformation must begin almost from the surface
because of the anomalously difficult drilling conditions
and because there are no coherent acoustic returns on
either the seismic reflection or PDR profiles. However,
there are no megascopically observable deformation
characteristics in the sediment. Visible cleavage begins
near 300 meters and becomes more pronounced with
depth. Near the bottom of the hole, there is a definite
fissility in the rocks. Although there may be local inter-
vals in which the bedding dips steeply, by far the majori-
ty of dips are less than 10°, The average dip above 525
meters is 6°, but in the bottom two cores (about 550 to
611 m), the strata are overturned and have dips averag-
ing 13.5°, Cleavage in the upright beds has an average
dip of 23° and in the overturned section it has a dip of
4°, in the same direction as bedding. The geometry of
overturned fold with a horizontal B axis is thus in-
dicated. Trends of fold axes cannot be determined from
the core data, but the high degree of parallelism among
the ridges which comprise the lower trench alope
(Figure 2), implies that these represent folds and that B
axes are colinear with the trench axis.

Interpretation

The Nankai Trough is a unique trench because it is
less than 5000 meters deep, and yet the large number of
high-magnitude shallow focus earthquakes (Kanimori,
1972) and rapid uplift of the southern Japanese coast
(Fitch and Scholz, 1971) suggest that subduction is
presently at rates in the range of 3-8 cm/yr. No
anomalous results from investigations of this trench
were expected because its shallow depths are thought to
reflect the geometry of the preexisting continental
margin and the relatively shallow oceanic crust being
subducted (Karig and Sharman, in press). The results of
Hole 298, integrated with those of Hole 297, the site sur-
vey, and the available seismic reflection profiles (Figure
8) (Hilde et al., 1969; Karig and Sharman, in press) per-
mit the construction of an internally consistent
geometric and kinematic model. This model may be
valid for at least those trenches consuming plates which
are heavily laden with sediment and slowly subducting.

The sediment cover entering the Nankai Trough in-
cludes two units; the general cover of the Shikoku Basin
and a wedge of turbidites deposited along the trench ax-
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is. The 800-meter-thick basin section, sampled at Site
297, is composed of 330 meters of hemipelagic muds
overlying a more turbidite-rich section. As this section is
traced toward the trench on reflection profiles, the only
change that can be discerned is a thickening of the up-
permost hemipelagic unit immediately adjacent to the
trench wedge. This increase in depositional rate might
best be ascribed to density of nepheloid-type currents
associated with turbidite deposition on the flat-floored
trench wedge.

The trench wedge of the Nankai Trough in the vicini-
ty of Site 298 is approximately 17 km wide and 700
meters thick at the base of the inner slope where defor-
mation disrupts the acoustic picture. In a manner
similar to that described in the Aleutian Trench (Kulm
et al., 1973), the uppermost part of the underlying basin
sediments thin beneath the wedge in the direction of the
inner trench slope. This thinning, which represents a

trenchward decreasing interval of deposition, can be
used to determine the rate of sedimentation in the trench
wedge. However, a lack of reflectors in the uppermost
hemipelagic basin sediments beneath the Nankai
Trough makes this determination more difficult.

On both the Seifu Maru (unpublished) and Glomar
Challenger reflection profiles, which run along similar
tracks, the thinning of the pelagics beneath the turbidite
wedge at the edge of step totals 0.15 sec. If it is assumed
that a normal increase in acoustic velocity and moderate
compaction with depth takes place through the
sediments involved, a difference in thickness of 110 to
125 meters is obtained. The sedimentation rate in the
late Pleistocene section at 297 is near 100 m/m.y., but
because the trenchward increase in the thickness of the
hemipelagics is attributed to deposition very close to the
wedge, a comparative rate near 150 m/m.y. is more like-
ly correct.
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The 0.69-sec acoustic travel time through the trench
floor sediments is assumed to represent an uncompacted
thickness of between 675 and 700 meters. The 0.8 m.y. it
took to lay down the 110-125 meters of pelagics
equivalent to the wedge sediments thus define an
average sedimentation rate in the trench wedge of
between 0.85 and 0.9 km/m.y. The one other well-
determined sedimentation rate determined for a trench
wedge is the 2 km/m.y. value of Kulm et al. (1973) in the
eastern Aleutian trench. This doubled rate is expected
because of the glacially enhanced erosion of a much
larger and more rugged drainage area feeding the Aleu-
tian trench.

Sedimentation rates can be related to subduction rates
through an analysis of the trench wedge as a two-
dimensional sediment reservoir. The instantaneous
amount of sediment fed to this reservoir is the sedimen-
tation rate (D) times the width of the trench wedge (W).
That leaving is the subduction rate (S) times the
thickness of the wedge corrected for compaction at the
inner edge of the trench slope (7). If the wedge remains
the same size, then the two factors can be equated (D X
W = 8§ X T); otherwise the results must be discussed as
an inequality. The amount of material entering the
Nankai Trough is about 15 km?/m.y. per unit length of
arc. If a stable wedge is assumed, the subduction rate
would be 2.2 cm/yr, or far less than has been postulated
on the basis of seismological and geodetic data. If the
geophysically determined rate of 3-8 cm/yr is accepted,
then the trench wedge must be rapidly shrinking.

There is no evidence that the sedimentation rate in the
trench axis has increased sufficiently to permit a suf-
ficiently rapid recent increase in subduction rate. The
relatively tight zonation in the Quaternary sediments
drilled in Hole 298 permit calculation of reliable
sedimentation rates after the effects of compaction and
tectonic thickening are recognized.

The porosity drop in Hole 298 (Figure 3), from nearly
70% to less than 40% at the fold axis, undoubtedly
represents sample bias toward the clay-rich section, but
few sand beds occur in the most severely compacted
deeper section. The compaction adjusted rates are less
than those calculated for the present trench wedge, and
decrease downward reflecting the more distal turbidite
facies. Because no Pliocene strata were penetrated in the
core of the fold, a simple, compaction-corrected
sedimentation rate from 300 meters to 550 meters in the
hole must exceed 500 m/m.y. However, the fine-grained
nature of the sediment, and less rapid deposition of the
overlying coarser sediments, would suggest rates
significantly less than 400 m/m.y. This evidence for tec-
tonic thickening reinforces the indications for thicken-
ing seen in the lower turbidites of the trench wedge on
reflection profiles (Figures 8 and 9).

Thus, in the section of the trench wedge sampled by
Hole 298, the average sedimentation rate was about 500
m/m.y. (Figure 10), and under steady-state conditions,
with no change in dip of the downgoing plate beneath
the wedge, the subduction rate should have been near
1.3 cm/yr. This lower rate, for a slightly earlier time
period, is consistent with the initiation of trough con-
ditions about 3 m.y. ago, as indicated by the results of
Hole 297. Moreover, slow subduction without a
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morphologic trough may have been taking place since
the middle Miocene in a manner similar to that now tak-
ing place along the Washington and Oregon coasts (Sil-
ver,1972). In the Fuji Valley, which marks the landward
extension of the Nankai Trough, and presumably the
plate boundary, severe folding of middle Miocene and
younger age rocks has been recognized (Matsuda, 1962;
Kimura, 1966).

Although these figures are estimates, they generate an
internally consistent picture of a subduction zone that
has been increasing in rate of consumption since mid or
late Miocene. It is difficult to see how the present rate
could exceed 3 cm/yr, which in turn suggests that the
Philippine-Asia pole of rotation now lies not far to the
northeast of the east end of the Nankai Trough.

Horizontal displacement of the sediments in the
drilled fold, during the 0.2 to 0.3 m.y. it took to devel-
op, should be in the range of 2 to 4 km, assuming that
roughly % of the displacement related to subduction oc-
curs beneath the lowermost trench slope. From these es-
timates, it can be seen that there is little necessity for a
major thrust fault between the drilled fold and the
presently developing step area. Deformation can, for the
greater part, be accomodated by folding and by shear-
induced thickening.

The fold does not involve the hemipelagic sediments
underlying the turbidite wedge, which supports the idea
that the wedge turbidites are sheared off the deeper
pelagic section and accreted at shallow depths (Karig,
1974). This decollement may break into the inverted
limb of the lowest fold and surface at the base of the
trench slope (Figure 9).

On most profiles across the western Nankai Trough, a
zone of warped and slightly uplifted wedge turbidites
lies in front of the first major ridge constituting the inner
slope (Figure 9). This zone is particularly well observed
on Figure 3 of Hilde et al. (1969), where there is a
suggestion that not only basement but also the lower
turbidite-rich sequence of the Shikoku Basin section lies
undeformed beneath. Reflection or diffraction patterns
indicate that axial surfaces and faults in the wedge tur-
bidites dip landward. On the Glomar Challenger record
(Figure 8) there is stratigraphic continuity at the top of
the wedge turbidites and rapid thickening of the lower
wedge area which must be structural in origin. The
easiest and most logical structural interpretation is that
the shallow folds are the surface expression of a set of
developing thrusts, or a zone of shears reaching upward
from the decollement surface near the base of the wedge
turbidites (Figure 9). With time, this area will develop
into another fold ridge such as was drilled at Site 298.

A progression of structures can be envisaged where
the upper, more rigid wedge sediments are first warped
and buckled in front of the major active shear surface. A
new decollement then begins to develop beneath this
surface and finally replaces it, adding one more packet
of folded sediments to the inner trench slope. Decolle-
ment occurs near the base of the turbidite wedge because
the immediately underlying hemipelagic strata are much
weaker and have significantly higher water contents
than do the trench turbidites (Karig and Sharman, in
press). In addition to affording a zone of weakness, this
level probably develops very high pore pressures, further



4000 SHIKOKU SLOPE

Depth (m)

5000 —

SITE 298

NANKAI TROUGH 4000

— 4500

— 5000

g — .—-==
L=, ———————
o === CTION _=f 5500
/ Z - j_.._..---.-—"—""—-

2aZ == " pasIN SE ===
7 ] i

6000 — 012345 10 s~ = e — 75| 6000

|||||| N s - - =] ‘\;r Y2W A

Km - R \l,"\‘ sy
1 - /! -~ \‘h. - ‘\f’ A9

V.E.=5X i rssnn
7000 7000

Figure 9. Interpretive geologic section across the Nankai Trough, based on Hole 298 and reflection profiles of Glomar

Challenger and others (Hilde et al., 1969).

AGE (MILLIONS OF YEARS)

v MIOCENE OLIGOCENE EQCENE PALEOCENE
wl 2
sz . ]n] E Lo e ] E L,J[,
: 10 20 ) a0 50 60 65
T T L ) T L}
733 m/m.y.
100
200
fe—343 m/m.y.
300
IC)
-4 400‘
e
2
&
5 500 H
Z so0pl MILLIONS OF YEARS
]
£ 7004
=

BOO

500~

1000 -

1100

Figure 10. Estimated rate of sedimentation for Site 298
based on calcareous nannofossil zonation (Elis, this vol-
ume) and the time scale of Berggren (1972). Note that
the curve does not include a correction for compaction.

reducing its resistance to shear, It is then not difficult to
see why the sediments of the turbidite wedge, even if
they represent only a minor fraction of the total
thickness of strata fed to the subduction zone, constitute
the great bulk of the deformed pile which later becomes
exposed.

Progressive accretion of ridges consisting of wedge
turbidites along the base of the trench slope accounts for
the sets of linear ridges seen in the site survey (Figure 2).

Between the lowermost ridges little or no sediment has
collected, but the fill steadily increases upward, un-
doubtedly representing hemipelagic and lesser amounts
of slumped deposits moving down the slope. Sediments
in these linear ponds appear to be tilted in both direc-
tions. The lowermost definable pond on the Glomar
Challenger profile dips seaward, and the next pond up
the slope has a seaward dipping surface, but the dip
reverses with depth. We feel that these ponds measure
large-scale tilting of structures within the slope from the
10° dip acquired during the initial deformation toward a
steeper landward dip (Moore, 1973) rather than
representing rotated slump masses (von Huene, 1972). A
tectonic origin better explains the upward thickening of
slope sediments and enlargening ponds than does gravi-
ty gliding. It also appears that the inner trench slope
becomes reorganized into larger steps from the base up-
ward, with greater relief between the highs and lows
(Figures 3, 4). This transition might be accomplished by
the localization of shear into fewer, more discrete zones
coupled with uplift and rearward tilting, and would sup-
port the idea that deformation continues, at a steadily
decreasing rate, from the trench axis to the trench slope
break (Karig, 1974). '
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APPENDIX A
Summary of X-Ray, Grain Size, and Carbon-Carbonate Results, Site 298

Sample Depth Bulk Sample 2-20pm Fraction <2um Fraction Grain Size Carbon Carbonate
Below Sea Major Constituent Major Constituent Major Constituent Sand Silt | Clay Total | Organic | CaCO,
Section Floor (m}) Lithology Age 1 2 5 1 2 3 1 2 3 (%) (%) (%) | Classification | (%) (%) (%) Comments
298A-11 519 Unit | Late Quar. | Plag | Mica | Quar. | Plag. | Mica | Mica | Quar. | Plag. 2.1 53.3 | 44.6 | Clayey Silt 0.6 0.5 0
298-2-3 130.7 Silty Clay, Clayey| Pleistocene Quar. | Mica | Plag. | Quar. | Plag. | Mica | Mica | Quar. | Mont. | 89 52.9 | 38.1 | Clayey Silt 0.5 04 1 Amph. in bulk (1.1%), 2-20um (1.0%
and Silty Sand to Pyrite in <2um (1.1%)
Holocene(?)
298-52 195.8 1959 Unit 2 Early Quar. | Plag. | Mica | Quar. | Plag. | Mica | Mica | Quar. | Mont. 50 726 | 224 | Clayey Silt 0.9 04 3
298-6-2 280.9-281.0 Claystone. Pleistocene Quar. | Plag. | Mica | Quar, | Plag. | Mica | Mica | Quar. | Plag. 3.7 59.8 | 36.5 | Clayey Silt 0.8 0.5 2
298-7-1 298.2 Silty Claystone 0.2 50.4 | 494 | Clayey Silt
298-8-1 3178 Clay, Silty 04 534 | 46.3 | Qlayey Silt
2989-1 336.8 Clay and Quar. | Mica | Plag. | Quar. | Plag. | Mica | Mica | Quar. | Plag. 0.1 46.6 | 53.3 | Silty Clay 1.2 0.6 5 Amph. in bulk (1.1%), 2-20um (1.1%)
298-104 | 3689 Clayey. and 0.0 39.8 | 60.2 | Silty Clay
298-11-2 | 394.1 Silty Sands 09 0.6 3
298-11-3 | 3956 Quar. | Mica | Plag. | Quar. | Plag. | Mica | Mica | Quar, | Plag. 0.0 53.1 | 46.9 | Clayey Silt Amph. in 2-20pm (1.1%)
298-14-2 | 5186 Quar. | Mica | Plag. | Quar. | Plag. | Mica | Mica | Quar. | Plag. 0.0 53.9 | 46.1 | Clayey Silt 0.9 0.5 k) )
298-155 | 5703 Quar. | Mica | Plag. | Quar. | Plag. | Mica | Mica | Quar. | Plag. 0.2 546 | 45.2 | Clayey Silt 0.8 0.5 3 Amph. in 2-20um (1.3%)
29816 2 | 604.3 Quar. | Mica | Plag. | Quar, | Plag. | Mica | Mica | Quar. | Mont, 0.0 52.0 | 48.0 | Clayey Silt 0.8 0.5 i Amph. in bulk (1.2%)

Note: Complete results X-ray, Site 298, will be found in Part V, Appendix I. X-ray mineralogical legend on Appendix A, Chapter 2.
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Site 298 Hole Core | Cored Interval:g.0-3.0m Site 298 Hole Core 2 Cored Interval: 126.5-130.0 m
FOSSIL FOSSIL R
CHARRCTER ‘3 " g ‘é‘ CHARACTER |§ . 5|z
- w -
8 z2 an| & | Limhowosy g LITHOLOGIC DESCRIPTION w = S| @ | LiTHoLosY | E E LITHOLOGIC DESCRIPTION
g g| B85 & ) 2l B |e SE3| & g|¢
g SlgkBE” WlE § E sE7 G| E
g E 2ms 1= s S il JE=]
-, ] Unit 1. Drilling deformation - soupy; color Colors: Sand - olive black (5Y 2/1); clayey
= e dark green gray (56Y 4/1); core is basically silts - dark green gray (SGY 4/1); interbedded
& lo. 5 YoID 511ty sand with lithified rock fragments. units, some grading and some rounded silty
i 2 . claystone fragments noted: 1-99, 1-116, 2-
= ] 1 - SILTY SaD 10 to 130, 3-105, 4-150 and CC; intense-
= oas = Smear: CC moderate drilling deformation; clam borings
@ 2 1.0 Texture osition in silty claystone (Section 4); claystone
§ 5Y 5/2
g X & and uartz has a weathering rind.
L] ol 5GY 41 40% 5ilt 25% Lithic fragments
] = 10% Clay 18% Heavy minerals 5y 2/1 CLAYEY SILT
8l 5 Elu m: c!;ur niner1ns = / ;mr; o
w il Fm | Bm 5% Voleanic glass - exture sition
gl 3 H e 5% Foraminifera B ta 5Y 5/2 0% STt ar ey Bhwarals
& a 5% Feldspar - 5Y 2/1 45% Clay 20% Quartz
5% Mica 2 - 5% Sand 10% Feldspar
2% Sponge spicules e &% Nannofossils
. — 56Y 4/1 5% Volcanic glass
Lithified fragments in silty sand matrix. = 3% Plant Debris
B 3 5Y 5/2 3% Diatoms
1) CALCAREOUS SILT-RICH SANDSTOME o 2% Heavy minerals
(Binocular description) Rp . 1% 00y unspecified
Texture osition -] 1% Foraminifera, radiclarians
an EE Quartz . s6Y 4/1 Tr® 6lauc., sponge spicules
}g: S:'I t %53 Fe'ld?pari 5Y 211
Clay 5% Authigenic carbonate = LITHIFIED FRAGMENT
Wics = Fm ] 5GY 4/1 nor Lith)
5% Clay m!r‘|eral§ El W Smear: CC
2% Heavy minerals -3 s 5Y Textu Composition
Trt Foraminifera w . e T ay E‘EE TTay minerals
gl T = ZGEOCHEM AND —— 15¢ Si1t 7% Quartz
2) LIMESTOKE ? 3 m B CONSOLIDATION SAMPL! 56Y 4/1 5% Vu}uﬂ\c glass
Smear: (C o 2 3 TN 2% Feldspar
Texture Composition | = 2| |G PR ot gﬁ 1% Heavy minerals
BEY STt arbonate (unspecified) 8| = § I Tri Lithic fragments
10% Sand 10% Clay minerals 1 - b1 * Tr® Hannofossils
5% Clay 10% Feldspar w = @ Tr% Sponge spicules
1% Mica 2| & &
CLAYEY SAND
3) SILTY CLAYSTONE Smear: 2-15 i
Texture Composition
T0% Sand E?'E Quartz (2% poly-quartz)
30% Clay 25% Clay minerals
Explanatory notes in chapter 1 10% Silt 20% Lithic fragments

15% Feldspar

3% Heavy minerals
3% Plant debris
1% Mica

1% Glauconite

1% Nannofossils
1% Diatoms

Grain Size 3-118 Carbon Carbonate 3-121
8.9, 52.9, @.1 0.5, 0.4,

X-ray 3-120 (Bulk
. uar

25.4% Mica

24.9% Plag

5.4% Chlo

3.7% Mont

1.1% Amph

Explanatory notes in chapter 1
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Tri Foraminifera
Tr¥ Sponge spicules

LITHIFIED PEBBLE FI T
YEY LT Minor Lith)

Smear: 1-20

Tex %ﬁ' tion
1%“ genic carbonate

25% Clay minerals
Tr¥ Quartz

Explanatory notes in chapter 1

Site 298 Hole Core 3 Cored Interval: 174.0-183.5 m Site 298 Hole Core §  Cored Interval: 193.0-202.5 m
FOSSIL FOSSIL L
CHARACTER |z g § CHARACTER = o =1 -]
=1 = =
gl 2 2 I SE E LITHOLOGY § ] LITHOLOGIC DESCRIPTION ] % | 2f & | Limholosy | $ 3 LITHOLOGIC DESCRIPTION
~N wl|w o Ly
g =e s = w e WE
HEHEE: di HHEES 25
= E Colors grayish black (N2) to dark gray (N3); yo1o Color dominantely dark gray (N3); moderate to
-] - semi-consolidated - s1ight drilling deform- intense drilling deformation; clayey 1imestone
5 0.5 VOID ation. fragrent (Section 1, 120 cm.) Base of
-~ P = 1 -3 1 fragment defines Unit 1-2 boundary.
Ul > 8 — SAND/SILT-RICH CLAY f N3
gl 2 ] Smear: CC g ls SILT-RICH CLAYEY SAND
2|3 2 Texture %si tion =) Smear: 2-93
il - 2 Fg |Rm [Fm B5% Clay ay minerals e Texture %%i tion
£l 32 Fm 20% 5ilt 20% Quartz, feldspar g2 and ay minerals
2| 8 ,§ 15% Sand 7% Volcanic glass =2 Na 351 Clay 35% Quartz
5l 2|e |ea|Fm C‘C 5% Heavy minerals E = R 20% 511t ZD‘: L11thic fragments
ol § 2 st 2% Radiolarians 2 g% 5% Feldspar
=) al A 1% Nannofossils =] = m a3 1% Mica
1% Sponge spicules 5 b1 s 1% Volcanic glass
Trt Glauconite = S E 2 1% Glauconite
Tr¥ Foraminifera b § E . 1‘:': ;en‘li;e
car
§ §§ i Tri Sponge spicules
a
VOLCANIC ASH (Minor Lith)
Explanatory notes in chapter 1 gle . ?’::::!2'9“ Vi
r.?ff. and %ﬁﬁc glass
Site 298 Hole Core Cored Interval: 183.5-193.0 m 20% 511t 7% Quartz
FOSSIL 5% Clay 3% Lithic fragments
CHARACTER | =1 =) %: :la:r ﬂgeral‘sl
il = b= g gavy minerals
o = L LITHOLOGY § LITHOLOGIC DESCRIPTION 11 Glauconite
= =1 alg 3E§ gl :l Micarb
HEIE= 5iE 1 Nannofossils
S|2|2 55 ar]
. g wo CLAYEY SILT
B Basic color, dark gray (N3) with areas of Smear: CC
cn 2 greentsh griy (561 &/1); altemations of Textyrse, fomeeition ot
fissile clayey si1t - clayey siltstone with 55 0 30% Quartz, feldspar
indurated-semi-indurated zones (not frag- 5 Sang 5% Nennofassils
K ments); some burrows and laminations noted; 2% Mica
= ::'::lnct bedding boundaries occur with sandy 1% Voleantc glass
2 1% Micarb
= Tri Glauconite
5 SILTY CLAY Tr% Foraminifera
£ Swears; 3-80, CC Grain Size 2-131 (from Tower portion, but not
E Te:ta
5 Wh} T .0, /2.8, base of graded budi
45% C‘Jay 20-25% Quartz .
5% Sand 15% Nannofossils Carbon farhonate 2-135
‘Ig‘: IF.1 ‘tgc fragments » »
eldspar
5% VYolcanic glass a—g‘;—ﬁrujv (Bulk)
3-10% Heavy minerals 28.3% Plag
?'I R.:dlolarians 16.2% Mica
% Mica
= voo 1% Zeolite §od tlc
- Tre Foraminifera i
s E Tr Glauconite
3 3 Explanatory notes in chapter 1
g8 SILT-RICH SAND (Minor Lith) . '
"‘ﬁ‘ o.8 Smear: 3-147
- ] T xtur %ﬁlﬂm
E E § 7& San c fragments
2 [ 5 201 Si'it. 10% Clay minerals
; ?. S |rg | Fm[Am |B 5% Clay 10% Quartz
52 =l Core 5% Heavy minerals
Hl &= Catche: 2% Volcanic glass
=) 3 2% Glauconite
Micarb
1% Feldspar
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Site 298 Hole Core 6 Cored Interval: 278.5-288.0 m Site 298 Hole Core 8 Cored Interval: 316.5-326.0 m
FOSSIL - FOSSIL =
CHARACTER | glz CHARACTER | _ 5|2
L I =1 [ a w ! = - = g
g z .gr| & | LiTHoLosy § LITHOLOGIC DESCRIPTION o E gl # | LiTHoloay | 2 LITHOLOSIC DESCRIPTION
o §§m3§&“=" £|g gg.ﬁhaﬂ HE
ot &5 =235 &5
2= g a e = HEE 5 ) =13
E Color - olive black SE\' 2/1); drilling 5 Color olive gray (5Y 2/1); very fissile with
F | deformation slight(?); backl{ fracture with - slight drilling deformation. Structural
"L L3 e s B o by e et B35, T e
BIBI 11 3 Mddi:;} may define hah scalepfo‘lds ﬁr cauld 11 3 m:ping 5°); ‘zr:?;s to 145 cm, well defined
= 1 O—_ represent conjugate fractures due to drilling. 1 Cl:- fractures inclined at 65°, probable drilling
= ' * induced fractures.
-1 O
s 2 = 4 136 CLAYEY SILTSTONE (Shale)
2 % a Smear: 1-135
o 2= = CLAYEY SILT a Texture r.?osimm
1 B o Somposition ge 6% Clay 208 Guares
s 2 o =] 5% S0t - ay minerals R 15% Feldspar
gl § 2 2| 3 s:2n 41% Clay 15-20% Quartz s 5¢ 2/1 51 Mica
b= P & - 4% Sand 7-10% Heavy minerals w L~ 5% Sponge spicules
al 2% — 3% Nannofossils g 5% 4% Nannofossils
§ 3 2 3 3- 51 Feldspar é o= 2 Volaanic glass
& | atoms b1 atoms
- Tr- 3% Volcanic glass E é E Tri Radiclarians
Tr=- 2% Zeolite & H
B| 8 |Rp BL’ tore Tr- 2% Li;?l: fragments = 5 5|8 Griin S1Ee 'I-I%}
tcher] ., Tr- 2% Radiolarfans = 2 X .4, 53.4, 4b.
r cateher) Tr- 1% Sponge spicules 5| 8 &
Tr- 1% G?:ul.‘onihe 5f 2/1
Grain Size 2-90 n_Carbonate 2-90 Explanatory notes in chapter 1
#-ray 2-95 (Bulk)
W;i Quar
28.3% Plag
22.7% Mica
4.2% Chlo
4.2% Mont
Explanatory notes in chapter |
Site 298 Hole Core 7 Cored Interval: 297.5-307.0 m
FOSSIL [
CHARACTER | _| S|la
wl % 25 | mowoer 2|3 LITHOLOGIC DESCRIPTION
2 ~ wl @ = s |2
2| 2| 2E5” 5E
HEE 8
= 1
. 2 : Color olive black (5Y 2/1); strong fissility
ES | locally cross-cut by hackly fractures;
£5 0.5 minor silt beds - grey black (N2);
-?g B8l 11 | |67 horizontal shale bedding parallel to
w g - fissility; slight to minor drilling
g5 ¢ 1 | deformation
gl . ’ : 5 211
= E CLAYEY SILTSTONE (Shale)
a g ?nnr.' 1-67 i
w 25 axtu sit
1 L FiE] Sﬁt %ﬁ %‘lay %nera‘ls
S Nz 49% Clay 8% Feldspar
2 32 i 3% Volcanic glass
|2 2 2% Quartz
w T 5 1% Heavy minerals
i 5 = 5Y 271 Tri Micarb
gl ¢ = Tri Diatoms
2] & = Nz Tr% Radiglarians
g9 8 £ I Tri Sponge spicules
o .
= % -% B Grain Size 1-
o
21 5 2 5Y 2/1 ii‘g. ili.i. :;i}

Explanatory notes in chapter 1
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Site Hole Core 9 Cored Interval: 335.5-345.0 m Site 298 Hole Core 10 Cored Interval: 354.0-373.5m
FOSSIL oy o
CHARACTER || 5|2 =1
E g E E E LITHOLOGY g ?l LITHOLOGIC DESCRIPTION § % E LITHOLOGY ; §i LITHOLOGIC DESCRIPTION
§ o |5 |5 % £l = £l
HEHEE == g
| 521”' ou\re gzn_;d!(s\' :;23 5Tight csmmng i l:o}or nl:ve gray {5\‘"?;2}: s'I}gnt drilling
ormation, bedding horizontal - §°, 2 deformation, chun th fissility; beddi
“ | hackly fractures inclined 25-28° (left); 0.5 | horizontal to m-g" (Section 3}?’10-2?‘ l'!l
£ . fissility (paralliel to bedding) is cross-cut (Section 4); graded sand bed 145 cm (Section
] ng|ha| B |8 g3 10V 472 by hackly fractures. - | 3) dips 19-25° = turbidite-base; hackly
3 | ASH-RICH SILTY CLAYSTONE (Shale) fractures - 16° [Sectfon 1), 29° (Section 2),
3 0= , ?;::r: 2-75 s 8 1.0 ) a;d 20-3?; (Sel{‘.'g:on‘,]];‘r;rl}l1ng°1nduced‘
u — ure % on shear surface ction ps 40°; hackly
5 —GEOCHEM AND 1
§ _§ I NCoL (DATION SAMPLE 1] S‘[‘l”l; i vn:,yuni:e;]aa:s I fractures may represent incipient cleavage.
= = Fa | Zg Ea'listpar | ﬂ-leE %LT\" CLAYSTONE (Shale)
w 5 - uartz ar: 4-
o 3 + = 3% Opagues Texture sition
g = =1~ | 21 Micarb Eﬁ“ﬂ—u %ﬁ—w minerals
= % 2 - : 1'5 5Y 3/2 T‘ii g?ur -Eﬂt:"h | 40% 511t 24% Volcanic glass
u — ix aucon 16% Feldspar
gl ¢ = Tri Sponge spicules 5Y 3/2 153 Heavies
-E - | Tr¥ Hannofossils | 3% Sponge spicules
3 3t 2% Diatoms
- voID G.s.:'l' IWIIB?I;EISSIL-RIN{ VITRIC ASH (Minor Lith) | 1% Mannofossils
ar: 1-
B |Rm|Rp| (B Textur g;;p%sigim VOLCANIC ASH (Minor Lith)
g'i CE:SH s C; t ggi cl]l canic g!gss g Sk =1g | ;0 C Smear: 3-40 {
ay ay minerals - = . NS Jext [ siti
] 15% Nannofossils B ﬁ!‘gﬁt ﬁg Felispar
g: Ejﬁvgy 3 I g; .Ehi fg: Volecanic glass
ca s an ibole
1% Heavy minerals 8= 10% ﬁ?héqugs
1% Foraminifera 5 5
Tri Diatoms £ 2 . SAND (Minor Lith)
{: SR:TD? spicules w a2 = s 5 2N Smear: 3-145
iolarians -] Texture [¥ sition
3 = | NS and ﬁ QEa\r minerals
Grain Size 1-131 Carbon %grbenne 1-13 E 2 E 4:; C N5 10% 511t 0% Feldzpar
.T, 4.5, 53.3 <2, 0.5, § .g g i 5% Clay {g: E:Ic:nlc glass
artz
X-ray 1-131 (Bulk} -5 & Sat 471 5% Lithic fragments
. ar = B 1% Foraminifera
30.1% Mica ﬁ a8 & Tri Radiolarians
2;8: :‘:?g Tri Sponge spicules
. o
gi‘: E‘:ig Grain Size 4-40
. " .0, 35.8, 60.
1.1% Amph B | AR 1B
= sY 2/1
]

Explanatory notes in chapter 1

Explanatory notes in chapter 1
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Site 298 Hole Core 11 Cored Interval: 392.5-402.0m Site 298 Hole Core 12 Cored Interval: 421.0-430.5 m

86T 41IS

FOSSIL i FOSSIL
CHARACTER IS 5 g § | crARACTER 2 5|8
had = ] =
gl 5 |ula I<§ 2 Rl £|2 FITHRGANG: DESCRIFFION gl ¥ E| B | umouosr | 2 3 LITHOLOGIC DESCRIPTION
£(8|o82% £|E N |2 |gl, 582 2 HE
HHEES 5 HEEES 3k
2] Colors - medium dark gray (N4) to dark green =
- E""“' (56Y 4/1); slight drilling deformation; ] Medium dark ?r-x (N4) to dark greenish gray
0.5 edding planes irregular to horizontal, poor - (56Y 4/1); slight drilling deformation,
«27] voID to moderate fissility; some varigated laminae, 0.5 voID faint fissility; horizontal bedding with
1 1 weakly developed and thick to thin; bedding 1 =] some color bands; some inclined bedding
= inclinations: Section 1, 14°; Section 2, 7-10°%; | (Section 4); broken chunky portions (50-70
1.0 Sectfon 3, 6-10°; and Section 4, 0-5°; at 1.0 em) in Section 4; badding inclined 0-10°;
e Section 4 (125 om) silt beds show scour s hackly fractures (cleavage?) dip 12-30°;
] marks and load casts indicating upright beds. Section 5 (60-76 cm), graded bed becomes
- finer up-core indicating upright beds.
CLAYEY SILTSTONE (Shale)
s |8 SILTY CLAYSTONE (Shale)
Grain Size 3-14 ?mur: cc B——
\ 0y ka exture sition
57 thay 5% tlay minerats
2 Carbon Carbonate 2-13 40% Si1t 15% Quartz
0.9, 0.6, 3 5% Sand 5% Feldspar
(Bu1k) 3 Voteante g1
A-ray 3-14 (Bulk nlcanic glass
38.%§ Quar 3% Hannofossils
27.0% Mca 2% Heavy minerals
25.6% Plag 2% leolite
- 6.3% Chlo 1% Sponge spicules
€ 3.1% Mont 1% Radiolarians
5 B |g] Tri Pyrite
2 3 5GY 4/1 Tr% Diatoms
- BGY 4/1-H4 + Tri Glauconite
3
b Ll SILTY SAND (Minor Lith)
i Snear: 5-50 S
2 exture ition
w E - and 351 Suartz
ug; 3 | 254 $ilt 25% Lithic fragments
£ = 10% Clay 18% Clay minerals
=2 = | § 16% Heavy minerals
2 it A 10% Volcanic glass
g 4 | 3 8 ls 56Y 41 5% Feldspar
) -y = 1% Carbonate fragments
E 3 | E s 1% Sponge spicules
s 2 Tri Foraminifera
. 2 3 Tri Glauconi te
010, i a2 = Tri Radiolarians
g |ca| BB g & L 8 Tré Diatoms
Core 5Y 2/1 -] VY om
Catche H -
9 g = L s6v 41
Explanatory notes in chapter 1 ~| & 3
2| 53
3| & &
Rg | Cg |Rp I;'
m|“ : 56Y 4/1

Explanatory notes in chapter 1
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Site 298 Hole Core 13 Cored Interval: 468.5-478.0 m Site 298 Hole Core 14 Cored Interval: §16.0-525.5m
FOSSIL FOSSIL w
CHARACTER |== B|& CHARACTER || g|a
o
w| @ 2l € | Limocosy 'g g LITHOLOGIC DESCRIPTION g .Je| & | LitHovosy H 3 LITHOLOGIC DESCRIPTION
2l R ||yl BE3|E g s gz =38 B s
§=«,=-_;m |2 2|2 |gsE” &|E
HEEE °|3 gl2]|555 °1=
Color 1ight greenish black (56Y 3/1); E Color medium dark gray (N4) and dark greemish
slight drilling deformation and fiss{lity - V010 gray (56Y 4/1); slight drilling deformation;
absent to vague or fair; some dark and light 0.5 o bedding has irregular thickness and generally
laminae with irregular thickness (Section 3); 1 = horizontal to 6°; hackly fractures, dips 10-
;lst;ﬂ;?y*‘ilngggﬁes Tnk*;‘e::iun 4; be:?ing B ig.. girﬂ}:flﬁ induced frlligture_ssin:}ineg 20-
12-31';5. i s i 8 1 ét&i' 11:‘.:1.’0:3:?:; 1::1tr:at§‘:»|F nl-l:rlyht
edding.
2&” ﬂ;‘g;ﬂ"é{:[sha!e} CLAYEY SILTSTONE {Shale)
ars: 5=30. ale
Texture Eﬁﬁ‘“m Smears: 2-107, CC
ay ay minerals Te:%rt _B__n%ositian
35% 511t 10-25% Quartz t ay minerals
5% Sand 10% Nannofossils 46% Clay 23% Quartz
56Y 3/1 ;: ::'Idsr:ar 2 13: ::‘I ﬂsgar
ca 3 car
3- 5% Ilea:les 2% Heavy minerals
2% Ieolite 1- 2% Mica
2% Mica 1% Hannofossils
1- 2% Volcanic glass 1% Zeolite
e ks 1% Sponge spicules Tr¥ Glauconite
1% Foraminifera Tr% Foraminifera
Tr- 1% Lithic fragments TrE Radiolarians
Tr¥ Radiolarians 56Y 4/1 Tr% Sponge spicules
SILT-RICH CLAYEY SAND (Minor Lith) § 3 + Grain Size 2-106 Carbon_Carbonate 2-108
?mar: 4-75 . = N4 W0, 23.9, .9, 0.5,
exty %%'%5 on
5% Sand % Clay minerals & s f-ray 2-106 (Bulk)
0% Clay 25% Quartz 3 = 35 Quar
25% 517t 20% Lithic fragments E ) 30.5% Mica
10% Feldspar g 3 21.8% Plag
4% Heavy minerals 2 = 5.4% Chlo
3% Carbonate fragments Bl B 3.9% Mont
% * 2% Glauconite s 3 1.8% cale
a8 75 21 Mica El g 2 "
F 1% Sponge spicules ol & 2
1% Foraminifera =) 3 H
3 = Trd Radiolarians ol & =
E . 2| £ 2
£ 2 & <
> B 2 L o i ¢ Core ¥ 4
al 8 S & =|Ccatcher|" 5§ 73
glsz2 5 ) : N4
E § E Explanatory notes in chapter 1
=158
=| £}
gl 22
C B e
B[CoR ] core *| ser3n
lv-cw:h

Explanatory notes in chapter 1
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Site 298 Hole Core 15 Cored Interval: 563.5-573.0m Site 298 Hole Core 16 Cored Interval: g01.5-611.0m
FOSSIL L FOSSIL "
CHARACTER. gz CHARACTER | _ gz
- I gl 2 I a - =1 = g
] H cwiel B | LITHOLOGY g d LITHOLOGIC DESCRIPTION o = | & | LITHOLOGY § LITHOLOGIC DESCRIPTION
= u O w "] 3
R le|s|, 2E5 ¢ Ele AR ||| 88 & HE
E =i = k= = == RS
g|2|855 B HHEG 5
f l Color olive gray (5Y 3/2); slight drilling Color dark green gray (5GY 4/1); slighl.
| deformation, graded beds (overturned) 2-10 drilling deformation; bedding (12-15°);
0.5 | ©m thick; bedding dip 8°-26"; hackly fractures B laminations, thick and thin, variable;
1 = inclined 9°: Section 1 (0-10) 5 cm thick hackly fractures - horizontal; graded beds
beds graded si1t to burrowed clay toward indicate core overturned: Section 1 (96-
1 | base of core (section avertumed}: Section 2 - 101 em), overturned graded bed (silt-clay
> various beds, 2-10 cm thic s graded downward), sole marking or scouring at 96 cm
| silt-clay towards base of core, (section confirm overturning; Section 3 (7-17 em)
overturned); Section 3 - various overturned graded bed fines dowrward indicating
gra eds. overturning; Section 5 (132-135 cm) graded
i LAYEY SILTSTONE (Shale) bed, fines downward indicating overturning.
Smear: 5-80
Texture Composition CLAYEY SILTSTONE (Shale)
Blg | B5% 511 12% %'Iay minerals ?me:r: 2-130 : il
’ 45% Clay 5% Quartz exture g_?os an
2 15% Feldspar 56Y 41 t ay minerals
| 10% Volcanic glass 483 Clay 254 Quartz
5% Heavy minerals . 15% Feldspar
£ 3% Nannofossils 139 10% Heavy minerals
| AMPLE 7% Volcanic glass
Locally ash-rich. 5% Lithic fragments
I 2% Nannofossils
Grain Size 5-80 Carbon Carbonate 5-80 1% Micarb
\ 0.2, 58.6, 45. 08,053
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Site 298 Kole A Core 1

Cored Interval: 50.5-60.0 m

nﬂﬁ:yfsn = =1 I
= -
= wle| & | LitHoLosy § 3 LITHOLOGIC DESCRIPTION
~ v | @ = " o
HEHEES . (&
== = | =
£|=|85s =
s = - Unit 1. Color alive black (5Y 4/1): very
§ @ ] deformed by drilling mixed sand-silty clay.
8| =2 0.5 voIo
b il 3 SAND
w % 5 - Smear: *
a| 2 . Texture c?ositlm
= s 2 1.0 v 21 TOOX Sand Tthic fragments
G T2 15% Feldspar
@l = 5% Quartz
o e § 56Y 411 3% Heavy minerals
w|EE 3 |cg|calralfe Tri Glauconite
= w | Core
5 = 7 |catchert CLAYEY SILT
| Smear: *
Texture sition
B3Y STt %E Ehy minerals
47% Clay 30% Quartz
2% Sand 15% Feldspar

21 Opaques

2% Volcanic glass
2% Heavy minerals
1% Sponge spicules
1% Radiolarians

1 Mica

1% Diatoms

1% Nannofossils

*Smears from sediment on heat probe
container,

Grain Size 1-139 Carbon Carbonate 1-138

.1, 53.3, 44, &, U3y

X-ray 1-147 (Bulk}

4.6% Mont
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