8. SITE 453: WEST SIDE OF THE MARIANA TROUGH!

Shipboard Scientific Party?

HOLE 453

Date occupied: 28 March 1978

Date departed: 4 April 1978

Time on hole: 164 hours, 24 minutes (6.85 days)
Position: 17°54.42'N; 143°40.95'E

Water depth (sea level, corrected m, echo sounding): 4693
Water depth (rig floor, corrected m, echo sounding): 4703
Bottom felt at: 4703 meters, drill pipe

Penetration (m): 605

Number of holes: |

Number of cores: 64

Total length of cored section (m): 605

Total core recovered (m): 236.83

Percentage core recovery: 39.1

Oldest sediment cored:
Depth sub-bottom (m): 446
Nature: Sandy vitric tuff (epiclastic)
Chronostratigraphic unit: Earliest Pliocene
Measured velocity (km/s): 2.29

Basement:
Depth sub-bottom (m): 455.5
Nature: Variably altered polymict igneous breccias above in-
tensely sheared gabbro cataclastites. Not considered ‘‘true’” base-
ment.
Velocity range (km/s): 3.27-6.82

Principal results: Site 453 is the westernmost of the three drilling
targets in the Mariana Trough (SP4-D), located in a sediment pond
about 20 km long and 3 to 4 km wide striking approximately 030°.
The site is about 10 km east of the eastern edge of the West
Mariana Ridge. A downhole heat flow of 2.4 HFU was obtained
on the first use of the Uyeda/Kinoshita heat probe. The hole was
not logged because the drill pipe was bent after taking the final
core.

The sediment section consists of 455.5 meters of muds, silts,
and sands composed mainly of volcanic debris. The oldest fossils
are early Pliocene from the T. rugosus nannofossil subzone. The
latter provides a minimum ‘‘basement’’ age of over 4.7-5.0 m.y.,
which is substantiated by paleomagnetic evidence in the sediments.
The sediment age implies a maximum half-spreading rate of 2.7
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cm/y. in the Mariana Trough, although other evidence suggests
that the spreading is considerably slower and also may have been
episodic. Sediment accumulation rates are very high, but decrease
with time, and average about 7 kg/cm?/m.y.

Below sediments, 85.5 meters of coarse, poorly sorted igneous
polymict breccia containing mainly large angular gabbro and
metagabbro clasts up to a half meter in size with minor basalts
overlie 28.5 meters of metamorphosed (lower greenschist facies)
polymict breccia containing mainly metavolcanic clasts with no
large cobbles and rare gabbros. Beneath these are sheared meta-
igneous rocks, including a continuously recovered 1.5-meter inter-
val of highly sheared serpentinite noritic gabbro cataclastite cored
before the bit wore out. All of these rocks are geochemically re-
lated to arc magma series, hence were apparently derived from the
West Mariana Ridge. Metamorphism appears hydrothermal in ori-
gin in the lower parts of breccias. Seismic evidence suggests that
the top of the cored igneous rock, which may be a slump or ava-
lanche sequence over a possible fault zone associated with the in-
itial opening of the Mariana Trough, is flat-lying and on the order
of 500 meters above acoustic basement.

BACKGROUND AND OBJECTIVES

Site 453 (site survey target SP-4F) was planned to
sample the oldest back-arc basin crust in the still-active
extensional Mariana Trough. Based on its position on
the western edge of the basin (about 10 km east of the
western edge of the West Mariana Ridge; Fig. 1), its
depth, and its thick sediment cover, SP-4F was pre-
dicted to lie on crust that was formed during the initial
rifting that produced the Mariana Trough.

The specific objectives of the SP4-F drilling included:

1) determination of the time initiation of the opening
of the Mariana Trough through paleontological, paleo-
magnetic, and radiometric means by penetrating through
the sediments and into the igneous basement;

2) petrologic study of the basement rock as represen-
tative of the upper marginal basin crust formed during
the first stage of back-arc extension; and

3) determination of the history of tectonic and vol-
canic activity in the Trough, and possibly the nearby
remnant West Mariana Ridge and the Mariana volcanic
arc, since the initial stages of back-arc rifting.

IPOD site selection surveys near SP4-F revealed the
following general characteristics of this portion of the
western edge of the Mariana Trough (for more details
see Fryer and Hussong, this volume):

1) There are no obviously correlatable sea-floor-
spreading type magnetic anomalies;

2) The topography is very irregular but has some sug-
gestion of predominant block faulting with the blocks
tilted to the west so that the eastern sides of many of the
topographic highs are fault scarps (Fig. 2).

3) The SP4-F site is about 40 km north of a broad,
east-west trending bathymetric low suggestive of a frac-
ture zone (Fig. 1);
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Figure 1. Bathymetry of the Mariana Trough (from Hussong, this volume), in corrected meters at a 200-meter contour interval. Site 453 is at the
western edge of the Trough.
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Figure 2. Glomar Challenger reflection seismic record across the western portion of the Mariana Trough. This profile extends across the entire Leg
60 drilling area and is discussed in detail by Hussong (this volume).
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4) Heat flow is around 0.5-1.5 HFU (later measure-
ments include some >20 HFU; Hobart et al., 1979);

5) From refraction data the crust averages around
5.5 km thick, with an unusually thick (1.5-km) Layer 2A
(4-5 km/s) and a Moho averaging 10.5 km beneath sea
level;

6) Basement velocities beneath the sediment ponds
are characteristically higher than in the bathymetric
highs; and

7) SP4-F is approximately 10 km east of the eastern
edge of the West Mariana Ridge remnant arc, and 120
km west of the apparent axis of spreading in the
Mariana Trough (Fig. 2).

OPERATIONS

The transit from Hole 452A to Site 453 provided the
opportunity to make a geophysical traverse of all the
targets between SP-1 and SP-4, which was accomplished
using the reflection seismic system with a 120-cu. in. air
gun, the 3.5-kHz and 12-kHz PDR’s, and the magne-
tometer. The results of the traverse are described by
Hussong (Underway Geophysics, this volume).

The approach to Site 453 was controlled largely by
comparison of bottom and sub-bottom structure ob-
served by Hawaii Institute of Geophysics and Lamont-
Doherty Geological Observatory site surveys, with the
seismic profiles collected on the Challenger. The sedi-
ment ponds, even in this oldest and deepest western edge
of the Mariana Trough, are only a few kilometers across
and are not interconnected, so each small pond has a
distinctive depth. It is therefore possible to keep track of
the ship’s location in well-surveyed areas in the Mariana
Trough by monitoring sediment-pond depths.

A 16-kHz double-life beacon was dropped at 1318 on
28 March, during the second pass of the ship over the
target sediment pond (see Geophysics section, this
chapter, for a description of the target sediment pond).
The beacon was dropped on the western side of the
pond, where the sediment was not as deep as at the
center, in order to limit the total sediment thickness that
would have to be cored. It was estimated, based on the
shipboard reflection records, that the total sediment
thickness under the beacon was approximately 600
meters.

No further survey work was conducted until after
completion of the drilling.

With plenty of sediment and excellent weather, a
standard F94CK bit and 120-meter bottom-hole assem-
bly was rigged. The pipe string was run and bottom felt
and cored at a pipe string depth of 4703 meters at 2330,
local time.

The first three cores were obtained without rotation,
and subsequent drilling of the first 30 cores was rapid
(Fig. 3; Table 1).

The Tokyo T-probe was run after Core 9; it obtained
a good measurement that yielded a heat flow value of
2.40 HFU at 75.5 meters sub-bottom depth. Deploy-
ment of this instrument, which is mounted on the down-
hole water sampling device, was accomplished with no
problems. The heat flow measurement took a total of 48
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Figure 3. Drilling rate per core, Site 453. T.D. = total depth. Core
numbers are indicated on the figure.

minutes in the hole, but in the future the time for mea-
surement could be substantially reduced since the mea-
sured values reached equilibrium even more quickly than
anticipated (see Uyeda and Horai, this volume).
Drilling rates slowed after Core 31 (294 m sub-
bottom), in apparent response to an increase in the
degree of lithification of the sediments. Beyond 455.5
meters below the sea floor, the drilling rate slowed to an
average of 4.5 meters per hour as the bit penetrated a
possible talus pile of igneous rocks, breccias, and deeper
metamorphic rocks. Under these severe drilling condi-
tions, bit wear became a concern. Recovery of the ig-
neous rocks from Cores 48 through 57 was 33 per cent,
but from Core 58 through Core 64 the recovery dropped
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Table 1. Coring summary, Hole 453,

Depth from Depth below Length Length

Date Drill Floor Sea Floor Cored Recovered  Recovery
Core  (1978)  Time (i) tm) {m} (m) (%)
! /29 0034 4703.0-4712.0 0-9.0 9.0 9.23 106
2 3/29 0157 4712.0-4721.5 9.0-18.5 9.5 605 647
L 3/29 0315 4721.5-4731.0 18.5-28.0 9.5 335 353
4 3/29 0440 4731.0-4740.5 28.0-37.5 9.5 B.56 90,1
5 1729 0558 4740.5-4750.0 37.5-47.0 9.5 44 25.9
(] 3/29 0717 4750.0-4759.5 47.0-56.5 9.5 1.78 18.4
7 /29 0838 4759.5-4769.0 56.5-66.0 9.5 0.25 2.6
8 3/29 1004 4769.0-4778.5 &66,0-75.5 9.5 6,20 65.2
9 3/29 1334 4778.5-4788.0 75.5-85.0 9.5 .45 4.7
L{H] /29 1503 ATRE.0-4797.5 85.0-94.5 9.5 3,90 41.4
11 ks 1623 4797.5-4807.0 94.5-104.0 9.5 9.57 L)
12 3/29 1757  4807.0-4816.5 104.0-113.5 9.5 .71 .7
13 3/29 1936 4816, 5-4826.0 113.5-123.0 9.5 1.55 16.3
14 3/29 2108 4826.0-4835.5 123.0-132.5 Y5 103 s
15 39 2240 4835.5-4845.0 132.5-142.0 9.5 3.90 41.1
16 3730 ozl 4845.0-4854.5 142.0-151.5 9.5 a a
17 3/30 0144 4854.5-4864.0 151.5-161.0 9.5 0.78 8.2
18 3/30 0312 4864,0-4873.5 161.0-170.5 9.5 9.70 100
19 3730 0450  4873.5-4883.0 170.5-180.0 9.5 0.87 9.2
20 3/30 D610 4883.0-4892.5 180.0-189.5 9.5 4.5 47.4
21 330 0745 4892.5-4902.0 189.5-199.0 9.5 2.2 23.2
22 3730 09089 4902.0-4911.5 199.0-208.5 9.5 5 16.8
3 3730 1025 4911.5-4921.0 208.5-218.0 9.5 2.3 23.5
24 330 1150 4921.0-4930.5 218.0-227.5 9.5 139 356
25 3/30 1317 4930.5-4940.0 227.5-237.0 9.5 1.99 0.9
26 330 1430 4940.0-4949.5 237.0-246.5 9.5 5.66 39.6
1 330 1520 4949.5-4959.0 246.5-256.0 9.5 1.86 40.6
28 3/30 1710 4959.0-4968.5 256.0-265.5 9.5 2.18 22.9
29 /30 1832 496B.5-4978.0 265.5-275.0 v.s 6.37 67.1
4] 3730 1952 4978.0-4987.5 9.5 1.25 13.2
3 3/30 2121 497, 5-4997.0 9.5 4.62 43.6
32 3/30 2304 4997.0-5006.5 9.5 4.23 44,5
i3 3 0036 5006.5-5016.0 9.5 3.2 55.6
34 EFR | 0243 S5006,0-5025.5 il 22,5 9.5 4.94 520
i5 3/31 414 5025.5-5035.0 322.5-332.0 9.5 591 62.2
36 3’n (4 5035,0-5044.5 332.0-341.5 9.5 T1.67 BOLT
37 3/31 0750 5044.5-5054.0  341.5-350.0 9.5 7.08 74.5
38 31 0933 S054.0-3063.5 351.0-360.5 9.5 347 36.5
kL] 13 1056 5063.5-5071.0 360.5-370.0 9.5 6.92 72.8
40 3/31 1218 5073.0-5082.5 370.0-379.5 9.5 5.5 5.9
41 W 1351 S082.5-5002.0  379.5-389.0 9.5 7:55 79.4
42 3731 1514 5092.0-5101.3 389.0-398.5 9.5 306 322
43 33 1647 5101.5-5111.0 398.5-408.0 9.5 4,38 46.1
44 vkl 1813 5111.0-5120.5 408.0-417.5 9.5 .99 il4
45 /M 2013 5120.5-5130.0 417.5-427.0 9.5 5.19 609
46 373 2206 5130.0-5139.5 427.0-436.5 9.5 1.70 17.9
47 /3 2344 5139.5-5149.0 436,5-446.0 5.5 4,18 4.0
48 4/1 0132 5149.0-5158.5 446.0-455.5 9.5 0,74 7.8
49 4/1 (407 5158.5-5168.0 455.5-465.0 9.5 1.73 18.2
0 41 0708 5168.0-5177.5 465.0-474.5 9.5 1.44 15.2
51 4.1 100 5177.5-5187.0 474.5-484.0 9.5 4.1 43.2
52 4/1 1323 5187.0-5196.5 484,0-493.5 9.5 221 2.2
53 471 1809 5196.5-5206.0 493.5-303.0 9.5 5.9 62.2
54 471 2312 5206.0-5215.5 503.0-512.5 4.5 15 369
35 4/2 0458  5215.5-5225.0 $12.5-522.0 9.5 4.82 50.7
56 42 0817 5225.0-3234.5 522.0-531.3 9.5 1.85 19.4
57 4/2 1209 s 531.5-541.0 9.5 5.06 53.2
58 472 1504 541.0-550.5 9.5 0,40 4.2
59 4/2 1840 550.5-560.0 9.5 0.24 ¥ i3
(Y] 4/2 2139 5263.0-5272.5 S60.0-569.5 9.5 012 1.2
6l 4/1 01os 5272.5-5282.0 569.5-579.0 9.5 0.2 2.0
62 41 450 5282.0-5291.5 579.0-588.5 9.5 0.21 2.3
2] 4/3 a4 5291.5-5301.0 SBE.5-548.0 v.s .43 15.0
6 4/3 1300 S300.0-5308.0  598.0-605.0 20 (L0 (L&
Total HO5.0 236,83 39.1

to 4.1 per cent, even though the recovered rocks were
apparently less dense in the deeper cores.

Various combinations of bit weight and pumping
pressure were tried, and the hole was twice flushed with
mud, but the percentage of recovery did not improve.
After torquing increased dramatically during the cutting
of Core 64, we decided that the bit was no longer opera-
tional, so drilling was stopped after 7 meters penetration
on that cut. On recovery, the single cored rock that was
recovered had only about a half of the diameter of a
normal core, indicating that the cone bearings on the bit
had been destroyed.

The hole reached a total depth of 605 meters below
the sea floor, of which 137 meters had penetrated ig-
neous rocks. The bit was rotated for 42 hours and 32
minutes before its apparent destruction. Sample re-

104

covery was 236.8 meters (39%) of the material pene-
trated.

After drilling was halted, preparation began for run-
ning a full set of downhole logs. We had decided to log
the hole filled with salt water, rather than mud, since the
water was required for the planned experimental large-
scale resistivity log. In preparation, some 150 barrels of
mud were circulated through the hole to flush it out, the
bit was released, and the pipe was raised to 187 meters
below the sea bottom. We had planned to lift all the drill
string and leave only the 120-meter bottom-hole assem-
bly in the hole, but heavy lifting loads on the string indi-
cated that the shallow portions of the hole were caving
in around the pipe during extraction. With the bottom
of the string around 150 meters sub-bottom, lifting was
halted. To clear the potential bridging in the upper part
of the hole, four joints were replaced and the bottom
of the string was pumped down to 186 meters sub-bot-
tom. During this operation a 40,000-1b drop in weight
occurred.

Logging commenced at 1930. The first tool to be
lowered was to have been the temperature probe, The
danger that the drill hole might be bridged prompted
replacement of the T-probe with the heavier gamma-
neutron activation and laterolog probe which more
likely would drop through minor sediment bridges in the
hole, and which would also give a continuous data
readout on the ship indicating movement through the
drill hole.

The probe was lowered to a depth of 4677.5 meters,
where it was stopped by an apparent bend in the drill
pipe. The rotary shifting tool for the bit release had
been run at 1400-1530 and had not become stuck (al-
though it is a larger tool than the log). We concluded
therefore that the drill pipe became bent between 1530
and 1930, possibly when the the 40,000-lb drop in
weight occurred.

As it was not possible to run the Gearhart-Owen
downhole tools, the cause and nature of the bend in the
pipe were unknown, and the top of the hole was appar-
ently unstable, we decided to abandon Hole 453 without
attempting the Francis large-scale resistivity log. Were
the large-scale resistivity log to have encountered an
obstruction in the pipe or the hole, it would have been
difficult to detect before slacking and possibly snarling
the sand line.

The string was pulled and secured at 0942 on 4 April,
1978. The third section of pipe above the bottom-hole
assembly was bent.

Before departure for Site SP-4F, a short survey
around the Site 453 pond was conducted in order to
define the approximate shape of the pond and the sur-
rounding ridges. The results of this work are detailed in
the Geophysics section of this chapter.

At 1406 on 4 April the Challenger departed from Site
453 on a course of 081° for target Site SP-4E.

LITHOLOGY

The clastic fill of the sediment pond in which Site 453
was located comprises two units. The upper part (Fig. 4)
is a sequence of 455.5 meters of muds, silts, and sands
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(indurated) and ashes (non-indurated) if they contain
over 50 per cent volcanogenic detritus (see Introductory
Chapter, this volume).

The thickest bed recovered belonging to this associa-
tion is over 8 meters thick, but beds of 1 to 2 meters are
more typical. Within the beds the greatest variation oc-
curs in the lowest part, the cross-bedded layer being
replaced in many cases by a graded silt-to-very-fine-
sand layer or a graded silt layer, The coarsest sand layer
is occasionally reduced to a single band or a layer less
than 1 cm thick with cross-bedding. The bedding of the
cross-bedded layer is suggestive of climbing ripples in
Core 47.

Sedimentary structures observed in the lower lami-
nated sequence include small-scale structures, small-
scale graded bedding, cross-bedding of interbedded silt
laminae and mudstone, and in Core 47 several centi-
meters of flaser-bedded silt laminae.

The proportions of the various lithologies are shown
in the stratigraphic column (Fig. 4). The reliability of
the proportions should be judged against the recovery
for the core. There is a rapid upward decrease in the
proportion of coarser sediment over the basal 80 meters
of the unit. The highest cross-bedded unit is in Core 20
(180-189.5 m). Above the top of Core 21 (189.5), just
below the early/late Pliocene boundary, there is a sharp
increase in the proportion of bioturbated sediments.
There is no significant change in the sediment assimila-
tion rate associated with this change in bioturbation.
The sediment accumulation rate at this time had slowed
to approximately 4.5 kg/cm2/m.y. and continues to de-
crease with time (see Accumulation Rates, this chapter).

Siliceous fossils are present in the first three cores but
rapidly decrease in abundance downward.

A single carbonate-rich layer was recovered. It is a
graded bed 17 cm thick and strongly burrowed at the
top, overlain by bioturbated mudstone with mudstone
filling the burrows.

Sedimentary Petrography

Several mineralogic associations more or less depen-
dent on grain size can be differentiated in Unit I. The
sediment supply is almost exclusively volcanic. Siliceous
organisms are abundant at the top of the hole but are
extremely rare below. In contrast, calcareous remains
are found throughout the core, but they are rare.

Siliceous ooze and siliceous mud. Siliceous sediments
with up to 70 per cent diatoms and radiolarians are pre-
sent in Cores 1 through 3 in the most recent sediments.
The other major components are clay and traces of
micronodules, glass, and feldspar.

Clay and claystone. These contain 90 to 98 per cent
clay plus traces of feldspars, pyroxene, zeolites, vol-
canic glass, and micronodules. This lithology is found at
intervals throughout the unit below Core 3.

Mud and mudstone. Up to 10 percent of feldspar,
pyroxene, and glass are present in these sediments to-
gether with up to 90 per cent clay; their texture is more
silty.
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Volcanoclastic-rich layers (vitric-lithic clay, mud,
non-indurated ash, indurated tuff). Volcanoclastic ele-
ments are very abundant and dispersed throughout the
whole unit. They tend to be more abundant in non-
bioturbated sediments when compared with bioturbated
sediments of the same grain size. Volcanic components
can constitute up to 80 per cent of the silt- and sand-
sized sediments. Volcanic glass is the most abundant
component, followed by feldspar, heavy minerals, and
volcanic rock fragments. Within a single graded se-
quence of non-bioturbated sediments volcanoclastic com-
ponents increase markedly downward, simultaneously
with grain size (Fig. 5).

The most abundant type of the glass is very pale
yellow and angular with closely spaced, thin pipe vesi-
cles. Also present are colorless bubble-wall fragments,
and colorless, pale brown and pale green glasses of
other morphologies. The colorless ones, including those
with pipe vesicles, have a lower index of refraction in-
dicating that their compositions are more silicic. Pale
green colored glass occurs in Cores 8 and deeper cores.

Superimposed on the above variability, volcanic
glasses become increasingly brownish downward as a re-
sult of their alteration into clay minerals, thus making
the recognition of the various types more difficult
deeper in the unit. Heavy minerals are scanty, clinopy-
roxene is present in most sandy samples, and orthopy-
roxene appears in Cores 8, 13, and 39. In Core 13 itisa
major component of a muddy vitric crystal tuff layer
which is 0.5 cm thick.

Other minerals. Opaque ‘‘micronodule’’-rich layers
are often present in Unit I and are often associated with
zeolites and pale volcanic glass. Microprobe examina-
tion of the ‘“‘micronodules’’ has shown them to be very
dark, iron-rich basaltic glass fragments. Small amounts
of carbonate (dolomite?) occur in some intervals (Cores
18 and 36), as does minor pyrite (Core 44). Unidentified
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Figure 5. Change in composition within a graded bed of nonbiotur-
bated mudstone estimated from smear slide determinations.



carbonate (dolomite?) in Core 36 constitutes almost all
the light-colored burrow fills in the claystone.

Deposition of the Sediments

Each of the sediment ponds in the region of Site 453
is isolated from adjacent ponds by intervening ridges
and hills. The rough ridge and pond topography pre-
vents the direct inflow of sediments from the possibly
western source, the West Mariana Ridge, and the more
remote Mariana Island arc to the east. The sediment
composition indicates that the detritus is almost ex-
clusively of volcanic origin, and the sedimentary struc-
ture show that pond fill was mainly laid down by turbid-
ity current deposition with intervening periods of slower
pelagic or hemipelagic accumulation during which the
sediments were strongly bioturbated. Because of the ex-
tremely low abundance of biogenic elements, these sedi-
ments are thought to have been deposited close to the
carbonate compensation depth (CCD). The turbidites
are unusual in that the upper laminated sequence of the
idealized turbidite is by far the thickest and the most
commonly developed. The ripple-laminated and graded-
sand sequences occur frequently only in the basal third
of Unit 1. There is an overall decrease of grain size up
the sedimentary column. No true ash fall layers have yet
been identified in the sequence. If they did occur, they
may have formed thin bands in the slowly deposited
strongly bioturbated layers and their identity has been
subsequently lost.

The most abundant volcanic glass in the sediments
has a low refractive index and is assumed to be ulti-
mately derived from an island arc, rather than from vol-
canism within the basin. The more likely source is the
Mariana Arc, where currently active volcanoes are lo-
cated, rather than the West Mariana Ridge which is now
entirely submerged. Drilling at Site 451 on the West Mari-
ana Ridge revealed a thin, fine-grained Pliocene-Pleis-
tocene section with no apparent volcanic ash above the
early Pliocene (Scott, Kroenke, et al., 1980).

The immediate but not primary sources of the Site
453 sediment are the ridges surrounding the basin. We
assume that sediment from Mariana Arc volcanism ac-
cumulated on these ridges and was mobilized into tur-
bidity flows triggered by seismicity within the basin, by
ash showers, or by slope instability.

BIOSTRATIGRAPHY

Summary

Evidence from generally common occurrences of
calcareous nannofossils and rare occurrences of radio-
larians (in the upper four cores) indicates that the sedi-
mentary interval (Cores 1 through 48) overlying the ig-
neous breccia (Core 49 and below) ranges in age from
late Pleistocene to early Pliocene. Cores 1 and 2 are of
late Pleistocene age, Cores 3 through 12 are early Pleis-
tocene, Cores 13 through 18 are late Pliocene, and Cores
19 through 48 are early Pliocene. There is no evidence
that Miocene sediments have been encountered, based
on the comparison of nannofossil assemblages recov-
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ered at this site with those recovered from the Messinian
(Miocene) stratotype section.

Nannofossils

Nannofossils observed in Pleistocene, late Pliocene,
and latest early Pliocene samples (Cores 1 through 21)
occur sparsely and are poorly preserved. However, the
following zones can be recognized:

Late Pleistocene—the Gephyrocapsa oceanica Zone,
Samples 1,CC and 2,CC.

Early Pleistocene—the Gephyrocapsa caribbeanica
Subzone of the Crenalithus doronicoides Zone, Samples
3-2, 90-91 cm through 6,CC. The Emiliania annula
Subzone of the C. doronicoides Zone, Samples 8,CC
through 12,CC.

Late Pliocene—three of the four subzones of the Dis-
coaster brouweri Zone can be recognized: the Discoaster
pentaradiatus Subzone, Sample 13,CC; the Discoaster
surculus Subzone, Samples 14-1, 20-21 cm through 14,
CC; and the Discoaster tamalis Subzone, Samples 15-2,
90-91 c¢cm through 18,CC.

Early Pliocene—the Discoaster asymmelricus Sub-
zone of the Reticulofenestra pseudoumbilica Zone,
Samples 19-1, 60-61 cm through 22-2, 90-91 cm.

Nannofossils occur more commonly and are moder-
ately well preserved in early Pliocene samples. The fol-
lowing zones can be recognized in the early Pliocene:

The Sphenolithus neoabies Subzone of the Reticulo-
fenestra pseudoumbilica Zone, Samples 22,CC through
27-1, 90-91 cm.

All three subzones of the Amaurolithus tricornicu-
latus Zone can be recognized: the Ceratolithus rugosus
Subzone, Samples 27-2, 130-131 cm through 28-1, 50-
51 cm or possibly 29-4, 128-129 cm; the Ceratolithus
acutus Subzone, Samples 29,CC (or possibly 28,CC)
through 38-2, 59-60 cm; and the Triquetrorhabdulus
rugosus Subzone, Samples 38,CC through 48,CC. Sam-
ples below 44,CC do not contain early Pliocene zonal
index species or any species used to define Miocene
zones.

The Pliocene/Miocene boundary is placed at the base
of the Triquetrorhabdulus rugosus Subzone. A recent
study by Ellis and Lohman (1979) of the nannofossil
assemblages recovered from the Zanclean (Pliocene)
and Messinian (Miocene) stratotype sections in Sicily
shows this position to be the most reasonable for the
Pliocene/Miocene boundary. No Messinian-age nanno-
fossil species were seen in the samples from Hole 453.

Reworked Miocene nannofossils are not apparent in
any of the Hole 453 samples. However, the Oligocene
and late Eocene species Dictyococcites bisectus and the
Oligocene species Cyclicargolithus abisectus are seen in
Samples 43,CC and 47,CC, respectively. Rare speci-
mens of Discoaster deflandrei are also observed in Sam-
ples 43,CC and 48,CC.

Radiolarians

Well-preserved radiolarians occur in Cores 1, 2, and
3. They are rare in the upper half of Core 4; the lower
half is barren. Sporadic occurrences in lower cores are
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from regions of suspected drilling disturbance and con-
tain no species indicating ages older than those of the
first four cores. One exceptional occurrence is in Core
17, where badly altered radiolarians (no age-diagnostic
forms recognizable) are filled with an unidentified iso-
tropic crystalline mineral.

The radiolarians of Hole 453 are all of Quaternary
age. Species on which Nigrini’s (1971) zonation is based
are very scarce, but enough can be found in the rich
assemblages of the first three cores to permit recogni-
tion of the upper three zones: the Buccinosphaera in-
vaginata Zone in Core 1, the Collosphaera tuberosa
Zone in Cores 1 and 2, and the Amphirhopalum upsilon
Zone in Cores 2 and 3.

Foraminifers (V. A. Krasheninnikov)

Rare foraminifers of Quaternary to Pliocene age
occur in Sample 3-1, 50-52 cm.

Accumulation Rates

The sediment accumulation curve (Fig. 6) has been
calculated in kilograms of water-free sediment per
square centimeter. The weight of the sediment has been
based on the porosity and grain density measurements.
An average has been taken for each core; because the
values obtained were a little erratic in the upper part of
the core, a moving average over five cores has been
used. The time lines are based on an estimate of the ages
of the nannofossil zones determined in the cores using
the time scale of Bukry (1975).

The total accumulation of detrital sediment is a little
over 34 kg/cm? for the past 5 m.y. The rate of ac-
cumulation has declined with time from the inception of
sedimentation, except for an interval between 0.9 and
1.8 m.y.. The sediments are almost entirely volcano-
genic, and the organic contribution to the sediment col-
umn is significant only in Cores 1 and 2 deposited in the
past 0.9 m.y. Smear slide estimates of samples from
those cores give an average siliceous organic content of
just over 20 per cent.

The stratigraphic column can be divided into three
segments on the basis of sediment accumulation rates.

Accumulation

Sub-Sea-Floor Rate
Time Interval Depth (m) (kg/cmzlm.y.)
1) Holocene and late 0-19.0 0.9
Pleistocene
(0-0.9 m.y.)
2) Early Pleistocene 19.0-112.7 4.7
(0.9-1.8 m.y.)
3) Pliocene 112.7-446 1.5 — 31
(1.8-5 m.y.)

The observed decrease in the rate of sedimentation
with time at Site 453 would be predicted from its loca-
tion if the active Mariana Arc were the sediment source.
This site lies near the western edge of the Mariana
Trough and west of the spreading center within the
Trough. As spreading has taken place in the Mariana
Trough, the distance from the pond in which the site is
located to the active arc on the Mariana Ridge has in-
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creased. Deviations of the observed sediment accumula-
tion from a simple curve may be attributed to changes in
the level of volcanic activity, to fluctuation in spreading
rates, or to imperfections in the dating of the biostrati-
graphic zonation.

The only significant deviation is the increase in the
gradient of the accumulation curve in the early Pleis-
tocene. The most likely explanation is an increase for a
short period in the volcanic productivity of the arc. The
steady upward decrease in the accumulation rate is re-
flected in changes in the style of sedimentation. There is
an upward decreasing sediment grain size, an increase in
the amount of bioturbation, and a decrease in the thick-
ness of turbidite units.

Segment 2 sediments (early Pleistocene), in which
more rapid sedimentation took place, are difficult to in-
terpret because of drilling disturbance. The recovered
sediment is not significantly coarser than the beds with a
slower sedimentation rate immediately above and be-
low. It is not clear whether the increased sedimentation
rate applies to part or all of the interval.

STRATIGRAPHIC SYNTHESIS

The deposits which fill the pond where Site 453 is
located consist of two distinct units:

Unit 1—455.5 meters of volcaniclastics of mainly silt
size with a minor pelagic component, and Unit 11—
polymict breccias consisting mainly of fresh to altered
and metamorphosed basaltic volcanic and plutonic
rocks.

Unit I consists of the following components: pelagic
sediments which have a persistent but minor role in the
accumulation of the column, and volcaniclastic supplies
which are superimposed as discrete contributions. The
interplay of slow, continuous pelagic deposition and
rapid but episodic volcanic-turbidite deposition gener-
ates the bioturbated and non-bioturbated beds (c.f.,
Lithology section, this chapter).

The entire pelagic-hemipelagic sediment sequence con-
sists of claystone and mudstone or clay and mud (highly
burrowed). In the two topmost cores, siliceous ooze con-
taining radiolarians and diatoms are present. Zeolite is
frequently well developed in clays. Carbonates are prac-



tically absent from the sequence except in a few layers
and in some burrows, where undetermined carbonate
(possibly dolomite) occurs, Based on the state of micro-
fossil preservation, it is unlikely that the sediment/water
interface has been above the CCD since at least the earli-
est Pliocene (Ellis, this volume).

Volcaniclastic materials are present in almost all the
cored samples. Even the clays contain up to 10 per cent
very fine grained volcanic glass and feldspars. The con-
centration of these products is much higher in the silty
and sandy graded beds which have turbidite character-
istics—graded bedding, cross-bedding, lamination, etc.
Two different modes of transportation and emplace-
ment of these volcaniclastic materials are envisaged: (1)
raining through the water column and (2) the flow of
turbidity currents over the seafloor.

The deposits raining down through the water column
could result from volcaniclastic air falls, ash flows over
the sea surface, and the sinking of waterlogged pumice
fragments. These volcanic glasses are dispersed through
all the bioturbated units. Their sparse yet rather uni-
form occurrence suggests that they arrived in the vicin-
ity by air fall or floating, originating from distant vol-
canoes.

The turbidity current deposits result from an instan-
taneous supply of suspended material to the basin floor.
The currents could have been generated from either vol-
canic eruptions or non-volcanic events such as seismicity
or slumping of volcanic debris deposited earlier from
the surrounding hills.

The common occurrence of volcanic glasses of low
refractive index throughout the unit (except for the
three highest cores) and the sporadic presence of hy-
persthene-bearing tuffs and vitric muds suggest that epi-
sodic supply of volcaniclastics from subaerial island arc-
type volcanism continued since the earliest Pliocene un-
til the latest early Pleistocene (Core 4). A change in the
type of volcanic activity may have taken place at that
time.

Small-scale normal faults with the displacement of
the order of millimeters occur in the lower portion of
the Unit I. On the other hand, no structures have been
observed which show horizontal contractional deforma-
tion. These may suggest a pervasive extensional tectonic
regime in the area during the opening period of the
Mariana Trough.

Unit IT is a 149.5 meter thick, complex igneous and
metamorphic polymict breccia sequence which lies be-
neath Unit I down to the bottom of the hole. Details of
its stratigraphy and petrography are reported in other
sections of this report.

History of the Region Adjacent to Site 453

About five or more million years ago the crust in the
vicinity of Site 453 was formed. This crust consists of
blocks of igneous and metamorphic rocks down-dropped
or uplifted from the West Mariana Ridge. The crust for-
mation process and possible subsequent movements
resulted in the present horst and graben basement struc-
ture of the western part of the Mariana Trough.

SITE 453

Since the initiation of pelagic sedimentation, the area
remained close to, but below, the CCD up to the present
time. Ashy turbidite layers are frequently interlayered
with pelagic clay in the Pliocene, but diminish in abun-
dance up the sequence and are rare by the early Pleisto-
cene. This trend suggests an increased distance between
Site 453 and the source volcanoes on the arc and/or a
decline in the level of volcanic activity on the arc.

INTERSTITIAL WATER GEOCHEMISTRY

Pore waters were extracted from 12 samples at regu-
lar intervals throughout the 450 meters of sediment re-
covered at Site 453. The data are listed and plotted ver-
sus depth in Gieskes and Johnson (this volume). As in
many sites where the sediments are rich in volcanic
glass, there is a sharp drop in Mg?* and increase in
Ca?+ with depth, apparently a consequence of exchange
of sea-water Mg for Ca in glass during alteration to clay
(e.g., Balshaw, this volume). However, just above the
igneous polymict breccia at the base of the sediments,
these trends abruptly reverse, with Mg and Ca values
again approaching those of sea water. Gieskes and
Johnson (this volume) interprets this to mean that sea
water is being drawn down into the breccia sequence,
perhaps via nearby basement outcrops, and is reaching
the base of the sediment with little modification, per-
haps because of hydrothermal circulation. Certainly,
the higher but variable heat flow recorded in and near
the site (Uyeda and Horai, this volume; Hobart et al.,
1979) supports this interpretation.

IGNEQOUS AND METAMORPHIC ROCKS

Lithology

Drilling at Site 453 penetrated 149.5 meters of com-
plex polymict breccia and serpentinized rock beneath
the sediments. The material recovered may be classified
into three general categories based on gross lithologic
changes with depth in the hole (Fig. 7). These are: (1) ig-
neous polymict breccia with many small and a number
of large (> 10 cm) gabbro clasts (0-85.5 m below the
sediment/breccia interface), (2) polymict breccia con-
sisting mainly of metavolcanics and metabreccia with-
out large gabbro clasts (85.5-114 m below the inter-
face), and (3) a sheared mafic gabbro zone (114-149.5
below the interface).

Upper Polymict Breccia (0-85.5 m below sediments)

The breccia interval is composed of angular to sub-
rounded fragments of gabbro, diabase, and basalt ce-
mented in a varicolored (mainly red-brown) matrix. The
gabbro fragments range in proportion to basalt, meta-
basalt, and diabase in the cores from 54:46 te 95:5, and
they average 71:29 (based on counts of clasts >3 cm
longest diameter on flat surfaces of working halves).
They include fragments with color indices >70 (mafic
gabbros), <30 (leucocratic and pegmatitic grabbros),
and 30-70 (gabbros per se). The less abundant basaltic
rocks include: (1) fine-grained aphyric or sparsely
phyric basalt, (2) medium-grained aphyric basalt (dia-
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Figure 7. Variation with depth in core of (1) number of gabbro (dashed lines) and basalt (solid line) clasts, (2) lithology, (3) percentage of recovered
breccia that is composed of clasts less than 3 cm (left) and greater than 3 cm (right), and (4) percentage of recovery.

base), (3) metabasalts, green in color, and (4)
basalts, brown or reddish brown.

altered

The rock fragments are cemented in a matrix of
quartz, carbonate, iron oxide and hydroxides, and
chlorite. The reddish color of the matrix is the result of
oxidation of magnetites, or titanomagnetites, and (to a
lesser degree) mafic silicate phases, to iron hydroxides,
as seen using reflected light microscopy. Angular peb-

bles and sand-sized grains of igneous and m
phosed igneous rocks are abundant throughout

etamor-
the ma-

trix. Quartz crystals occur in some cavities and cracks
between breccia fragments. Carbonate is most abundant

in the upper intervals and diminishes with depth.

It does

not react readily with hydrochloric acid, hence does not

appear to be entirely calcite.
Fragments in the breccia vary considerably

in size.

They range from sand-sized to clasts as large as 45 cm.
A size-frequency diagram for gabbro clasts larger than 3
cm in the longest diameter and basaltic clasts (includes

metabasalts and diabases) larger than 2 cm
longest diameter is presented in Figure 8A. The
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rocks average 5.5 cm and the gabbros 7.6 cm in the
longest measurable diameter.

There is a strong correlation between percentage
recovery and size of gabbro clasts present (Fig. 8B). The
correlation coefficient between the percentage recovery
in each core and the number of large (16 cm or greater)
gabbro clasts is 0.932.

The proportion of various rocks types per core versus
depth (based on gabbros larger than 3 cm in the longest
diameter and basaltic rocks larger than 2 cm in the
longest diameter) is plotted on Figure 7. On the basis of
this diagram, the upper polymict breccia can be divided
into less- and more-gabbroic zones. Above Core 55—
that is, to a depth of about 60 meters below the sedi-
ment/breccia interface—the gabbro clasts comprise 54-
70 per cent of all clasts larger than 3 cm. In the gabbro-
rich zone, below 60 meters into the breccia, gabbro
clasts comprise 80-95 per cent of the total clasts larger
than 3 cm.

The 85.5-meters-thick gabbro-rich rocks include a
zone where the breccia cement is green in color and con-
sists mainly of chlorite. This zone starts with Core 55,
Section 4, Piece 4, and continues through Core 57, Sec-
tion 2, Pieces 14 through 16—a depth interval from
about 62 to 78 meters below the sediment/breccia inter-
face. Above and below this interval, the breccia matrix
is grayish brown. The zone of green matrix contains de-
magnetized gabbros. Thin sections show that gabbros
from this zone are more chloritized than those above or
below. In Cores 55 and 56, some gabbros have high-
angle fractures with mafic minerals aligned parallel to
the fractures, suggesting partial recrystallization. The
demagnetized rocks are evidence that the green breccia
matrix was probably a zone for flux of hydrothermal
fluids at elevated temperatures.

Gabbros in this zone show retrograde metamorphic
effects, apparently the result of the hydrothermal condi-
tions they had been exposed to. Many have bleached ex-
terior rinds in which calcic plagioclase has been trans-
formed to K-feldspar (Fig. 9). Accompanying the color
change in the matrix is an increasing abundance of
quartz-K-feldspar chlorite veins within the rock clasts.
Nearly all of the metabasalts and many gabbros in the
low-gabbro zone were apparently metamorphosed prior
to incorporation within the breccia.

Several zones in the upper polymict breccia have
higher abundances of certain clasts than others. Cores
53 and 54 in the low-gabbro zone have a high propor-
tion of medium-grained basalt (‘‘diabase’’) as shown on
Figure 7. Several of these basalts appear to have disag-
gregated within the breccia matrix. As a result of this,
the breccia matrix surrounding them is a deep brick-red
color.

Another zone with a predominant rock type is the
green-matrix zone of Cores 55 and 56. Here the propor-
tion of pegmatitic gabbro is low (Fig. 7), and the gab-
bros have higher color indices than elsewhere (50-70
rather than 30-70).

SITE 453

Figure 9. Gabbro clast with encrusting breccia and K-feldspar altera-
tion rind. Sample 453-57-2 (Piece 14), 83-89 cm.

Lower Polymict Breccia (85.5-114 m below sediment)

A principal feature of this interval is its low recovery
(Fig. 7). The rock types that were recovered, although
brecciated, differ in several respects from those of the
upper polymict breccia.

The clast types are primarily metamorphosed andes-
ites and dacites, rather than gabbros. These are pale
green and some have veins of quartz or other minerals
on or in them. Pyrite is abundant.

There are three types of breccia. One is a gray, semi-
lithified mudstone containing coarse fragments of meta-
morphosed mafic igneous rock (Sample 58-1, Piece 8).
The second is a dark green, friable breccia of altered
mafic material of uniform color and appearance. The
fragments in this breccia are 0.5-to-1-cm angular chips.
There are no feldspathic gabbro fragments in this type
of breccia, unlike the typical matrix material of the up-
per polymict breccia. The third breccia type comprises
indurated, pale green metavolcanic breccia (Sample 60-
1, Piece 1). This appears to be a cemented and metamor-
phosed, fragmental version of the typical metavolcanic
clasts in this interval. It is important to emphasize that
none of the breccia types occurs in the upper polymict
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breccia, and that here metavolcanics far predominate
over gabbros.

The upper polymict breccia contains many large gab-
bro clasts, and these appear to correlate with recovery
(Fig. 8B). Had large clasts of any kind been in the lower
polymict breccia, it seems likely that recovery would
have been higher. Recovery in the last core of the upper
polymict breccia (Core 57) was among the highest in
that breccia, and there was no evidence for a decrease in
bit diameter at that time. The drilling rate also ac-
celerated with Core 58. It seems likely, then, that the
lower polymict breccia comprises predominantly soft
breccias which fragmented during drilling. Rather than
enter the core barrel, the small fragments were washed
out by circulation.

The transition between the upper and lower polymict
breccias was abrupt, in terms not only of recovery but
also of breccia lithology. The matrix material in the
lower part of Core 57 had the typical gray-red color of
the upper polymict breccia. With Core 58, breccias are
highly chloritic and in this respect are similar to those of
the green-matrix zone of the upper breccia. But they do
not contain fragments of gabbro. It seems probable that
the metamorphism in the lower polymict breccia was
caused by the same hydrothermal event that altered the
green breccia zone in the upper polymict breccia, since
the metamorphic mineral assemblages are so similar
(pyrite, chlorite, quartz, etc.).

Sheared Mafic Gabbro
(114-149.5 m below basement)

Only a few fragments of metabreccia and pale green
clay—a type of drilling slurry—were recovered in Core
62. The origin of this mud was obscure until retrieval of
Core 63, in which 1.5 meters of strongly sheared ser-
pentinite and mafic gabbro were recovered. The outer
cored surface of this material was coated with an iden-
tical soft green mud produced by the friction of drilling
on the serpentine. Because of the possibility that the few
fragments of metabreccia in Core 62 were fragments
from the interval from 85.5 to 114 meters below the
sediments (Cores 58-61) that fell down the hole, the
transition between the lower polymict breccia and the
serpentinite zone is placed at the base of Core 61, above
the “‘green mud”’ interval.

The material in Core 63 is dark gray-green and dark
green gabbro with abundant pyrite. The gabbro is in
small fragments (typically 1-5 cm) stretched out along a
primary rock foliation (Fig. 10). It is mafic to noritic,
very dark gray in color, and makes up between 40 and
60 per cent of the rock (varying from place to place).
Chloritic material is webbed between these fragments.

PETROGRAPHY

Matrix

The breccia’s matrix consists of sand-sized fragments
of various rock types and rock-forming minerals. The
proportions of matrix and clastic material are variable.
Matrix materials juxtaposed to large rock fragments are
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Figure 10. Section 63-1, showing serpentinized gabbro with fragments
stretched out along the primary rock foliation.



typically enriched in small rock clasts of the same com-
position (the best example is the matrix of Sample 53-3,
79-81 cm. In general the matrix is heterogeneous,

The main components of the matrix are carbonate,
chlorite, clay minerals, and iron oxides and hydroxides.
Small amounts of epidote, quartz, prehnite, and pum-
pellyite are present in many cases. These minerals are
variable in proportions and form granoblastic, some-
times lepidoblastic, textures in the matrix. Quartz, iron-
oxides, and carbonate are more abundant in the upper-
most part of the breccia section and beneath the ‘‘green-
matrix zone.”” Within the green zone the matrix consists
mainly of chlorite, zeolite, and epidote, and is enriched
in clastic material.

It is interesting that in Sample 49-2, 64-66 cm, some
rock fragments contain up to 70 per cent of andesine-
labradorite plagioclase and could be andesitic in com-
position.

In thin section 54-1, 31-33 cm, one crystal in the
matrix displays the optical properties of lawsonite. It is
clastic in origin, indicating that one of the possible
sources of the breccia matrix could be a high-pressure
metamorphosed terrain.

Sample 49-1, 120-123 cm (Piece 8), consists of fine
(0.3-to-0.5-cm) carbonate grains (70% by volume) and
sparse altered rock fragments cemented by chlorite, clay,
and iron-oxide. This sample seems to represent a portion
of matrix that is almost free of clastic components.

Basalts and Diabase

Diabasic fragments are more abundant than basaltic
ones in the breccia. Commonly aphyric or sometimes
sparsely phyric, they contain 50 to 70 per cent plagio-
clase (Ansy_+), 30 to 50 per cent clinopyroxene, and ac-
cessory magnetite. Typical ground mass textures are
ophitic or intersertal. Vesicles are rare (1-2%), small
(0.2 to 0.6 mm), or totally absent. All of these rocks are
moderately or severely altered, having variable amounts
of chlorite, amphibole stilpnomelane, and iron oxides
replacing clinopyroxene, and sericite, albite, and clay
minerals replacing plagioclase.

In plagioclase or plagioclase-pyroxene phyric basalts
the euhedral plagioclase phenocrysts (Anss, 0.5 to S mm
in diameter) comprise up to 30 per cent of the rocks by
volume. These, together with rare augite phenocrysts,
are set in a subophitic or intersertal matrix formed by
intergrown crystallites of the same minerals, plus mi-
nute opaques and some altered volcanic glass. A single
olivine microphenocryst, altered to iddingsite, is present
in thin section 54-3, 106-109 cm.

Alteration of the rocks is moderate to very high. In
slightly or moderately altered rocks, chlorite and stilp-
nomelane replace the matrix and pyroxene grains, and
sericite aggregates appear within the plagioclase grains.
The metabasalts are amygdaloidal with chlorite, quartz,
carbonate, and prehnite filling vesicles and vugs. These
minerals also form the granoblastic groundmass to-
gether with pumpellyite, clay minerals, and iron hydrox-
ides (see thin section 50-1, 52-56 cm).

SITE 453

Gabbros

The gabbros are the most abundant and most vari-
able rock fragments of the breccia. Besides normal gab-
bros, anorthositic, pegmatitic, noritic, troctolitic, and
hornblendic varieties are present. The original mineral
assemblage includes plagioclase (Angy ¢7), clinopyrox-
ene, orthophyroxene(?), olivine, and minor magnetite.
One specimen of hornblende anorthositic gabbro (Sam-
ple 55-4, 133-135 cm) contains up to 10 per cent green
spinel. Hypidiomorphic-granular, ophitic, poikilitic, and
cumulus textures are typical of unmetamorphosed gab-
bros. In metamorphosed varieties granoblastic, nemato-
blastic, or foliated textures are observed.

Many gabbro fragments in the breccia contain secon-
dary minerals typical of greenschist or amphibolite fa-
cies metamorphism. The most widespread is green horn-
blende. In thin section 55-4, 133-135 cm, it is bluish
green and is more aluminous than usual. Chlorite, epi-
dote, sericite, carbonate, clay minerals, accessory zeo-
lite, prehnite, pumpellyite, and stilpnomelane are also
present in many, especially in the highly altered gab-
bros. Core 63 of this site consists mostly of intensive-
ly sheared melanocratic and mylonitized gabbros, with
abundant secondary green hornblende replacing cata-
clastic pyroxene grains, and traces of biotite.

Tonalite

One piece of foliated tonalite was found within the
breccia fragments (Sample 55-3, 63-67 cm). The rock
has lepidogranoblastic texture and consists of zoned
oligoclase-albite, quartz, biotite, and minor K-feldspar
with accessory magnetite, apatite, and zircon.

CHEMISTRY OF IGNEOUS AND
METAMORPHIC ROCKS

Wood et al. (this volume) report analyses for 24 ig-
neous and metamorphic rocks from the breccias of Site
453, Most of the rocks analyzed are gabbros, metagab-
bros, and pegmatitic gabbros showing clear evidence in
their bulk chemistry of being cumulus rocks rich in
either plagioclase or mafic phases. There is indeed a
high abundance of mafic gabbros in Cores 55 through
57. Two samples analyzed from the upper polymict
breccia are metabasalt. The two samples analyzed from
the lower breccia are metamorphosed andesite and da-
cite. The sheared, serpentinized metagabbro from Core
63 has the composition of a mafic gabbro.

All of these rocks have the basic geochemical charac-
teristics of arc magma types, with high Sr and Ba but
low Ti, Cr, and Ni contents. One basalt (Sample 52-1,
30-36 cm) has the composition of a primitive arc tholei-
ite. The high Sr and Ba contents of the plutonic rocks,
in the view of Wood et al. (this volume), are ‘‘consistent
with an origin in the deep-seated portion of an island
arc.”” The high Ba and Sr in particular, and the some-
what high K,O of the biotite-bearing rocks, are certainly
more typical of deep-seated arc rocks than gabbros
found in exposed sections of ocean crust. This interpre-
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tation is complicated in a few rocks by marked enrich-
ments in K,O and Ba from alteration processes. Never-
theless, the entire assemblage implies that the ridges sur-
rounding Site 453, from which the breccias must have
come, are foundered portions of the West Mariana
Ridge and are not truly a portion of the Mariana
Trough.

ALTERATION

Alteration and Metamorphism

Differences in the secondary mineral assemblages
observed in the matrix and clasts of the breccias suggest
that many of the clasts were metamorphosed to lower
greenschist or upper amphibolite facies before their in-
corporation into the breccia. Furthermore, many of the
gabbroic clasts have tectonite fabrics that are generally
not reflected in the adjacent matrix. This indicates a
pre-breccia metamorphic history for many of the gab-
bros. The andesite and dacite of the lower polymict
breccia also apparently had a pre-breccia metamorphic
history, as evidenced by their bulk composition which is
more albitized than the gabbros or metabasalts of the
upper breccia.

The breccia matrix appears to have been subjected to
lower-greenschist-facies metamorphic conditions. This
is reflected primarily in the occurrence of chlorite,
prehnite, and carbonate in the matrix. In the sections of
breccia most affected by metamorphism, the original
metamorphic mineralogy of the clasts appears to have
retrograded to the lower greenschist facies of the ma-
trix; and the breccia matrix is green, rather than brown-
ish red.

The tentative identification of lawsonite in the matrix
of a breccia fragment is intriguing and could have im-
portant implications for the origin of the breccia source
material. The occurrence of abundant green spinel in
several of the gabbro clasts studied in thin section is also
noteworthy, since it has so rarely been reported in mafic
plutonic rocks (e.g., Deer et al., 1964),

It is difficult at this stage to draw conclusions con-
cerning the origin and history of the breccia and the
serpentinite. However, it seems clear that the source
areas for the breccia were metamorphosed prior to brec-
cia formation. Based on the rock bulk analyses, the
eastern slope of the West Mariana Ridge was the im-
mediate source area. The metamorphism apparently oc-
curred in the volcanic arc and predated the opening of
the Mariana Trough.

The lower greenschist facies metamorphism of the
breccia matrix may reflect interaction of parts of the
breccia section with hydrothermal fluids originating
from depths below the breccia. It is difficult to know
whether these might be the same fluids which have re-
versed the Mg and Ca pore fluid gradients at the base of
the sediments. Those fluids appear to have the composi-
tion of sea water (Gieskes and Johnson, this volume),
but the hydrothermal alteration appears to have in-
volved considerable transformation of calcic plagioclase
to K-feldspar and occurred under high-temperature (re-
sulting in the formation of chlorite), reducing condi-
tions.
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Origin of the Breccias

The origin of the sheared serpentinite is not clear at
present. In Core 64 one rock was recovered—a sheared
dark green rock with prominent plagioclase crystals. It
could be a metamorphosed mafic gabbro or diabase.
Whether it fell down the hole from above the sheared
serpentinized gabbro of Core 63 or represents still an-
other mafic breccia sequence cannot be resolved at pres-
ent.

Any one of several hypotheses might explain the
breccia sequence. The simplest is that the upper breccia,
the lower breccia, and the serpentinized gabbro each
represents separate, chaotically slumped masses from
sources of restricted composition. The local concentra-
tion of mafic gabbros and diabase in the upper polymict
breccia would be basically random in origin, only the
overall source for the upper breccias was more hetero-
geneous. It is also probable that the gabbros came from
sources closer than the basalts, as evidenced by their
greater abundance and large clast size. This could in-
dicate that the basalts might have been derived from
higher up on the same fault block, or that the access of
basaltic debris to the bottom of the sediment pond was
restricted by benches. The location of the breccias in the
center of the sediment pond and their low angle of re-
pose (see section on Geophysics, this chapter) suggest
they might be flat-lying slump or avalanche debris
rather than talus.

An alternative emplacement hypothesis is that only
the upper polymict breccia is a slump or avalanche
deposit. The lower breccias and sheared mafic gabbro
could be a part of a fault zone. The hypothesis, then,
links the occurrence of sheared rocks with zones of hy-
drothermal alteration and with lithologic changes. It is
tempting to speculate that the hydrothermal zone in the
upper polymict breccias, as well as the hydrothermally
altered pyritized greenstones of the lower polymict brec-
cias, formed in zones of shear that were conduits for
hydrothermal solutions. Displacement along the shear
zone juxtaposed breccias of different igneous and meta-
morphic rock populations, and of different clast size.
The sheared mafic gabbro is the principal evidence for
the lower shear zone. Fractured gabbros in the green
breccia zone of the upper polymict breccia might be evi-
dence for shear there as well.

A third hypothesis would have the sheared gabbro
alone part of a fault zone. The breccias above would
have been shed from a block of crust that was gradually
faulted relatively upward, exposing deeper and more
coarsely crystalline mafic rock assemblages. Thus the
lower polymict breccia would consist mainly of meta-
volcanics derived from the upper part of the fault block
before deeper gabbros were exposed. The upper breccia
would contain mostly gabbros, with fewer basalts and
diabases.

PALEOMAGNETICS

Paleomagnetic measurements were made in 34 sedi-
ment samples and 22 igneous and metamorphic rock
samples from the breccia zones (Bleil, this volume). The
variation of magnetic inclination with depth and the



paleontological information in the lower sediment layer
fit approximately with the current geomagnetic polarity
time scales. This fit gives an age of about 5.0 + 0.2 m.y.
for the base of the sediment. The magnetic inclination
of sediments, however, is too shallow for the present
location of the site (mean stable inclination = 15.0° +
10.0°, as against the present inclination of the Earth’s
field at this latitude of about +35°). Rocks from the
breccia zone show a stable inclination of 36.4° + 20.3°,
which agrees with the present inclination. The origin of
the remanent magnetization remains unclear. For more
details, see Bleil (this volume).

PHYSICAL PROPERTIES

Compressional wave velocity, wet-bulk density, salt-
corrected water content, porosity, acoustic impedance,
and thermal conductivity were determined for cores re-
covered from Site 453. The measurements are tabulated
in Table 2.

Sonic Velocities

Sonic velocities were measured on the Hamilton
Frame. With the exception of one sample, which was
checked for anisotropy, measurements were made only
for the vertical direction. Many of the sedimentary rock
samples obtained from depths greater than 120 meters
below the sea floor cleaved easily along bedding planes,
making it easy to produce a parallel-sided slab suitable
for placing in the Hamilton Frame. Further trimming or
sawing of such samples to measure velocities parallel to
the bedding planes would in most cases have resulted in
their disintegration. Compressional wave velocity in the
sediment ranged from 1.50 to 2.45 km/s. In the breccia
underlying the sediment the mean seismic velocity of 12
samples was 4.75 km/s, but three gabbro samples from
within the breccia had much higher velocities (6.57 to
6.82 km/s). The tectonized serpentinite at the bottom of
the hole had highly variable seismic velocities, ranging
from 4.21 to 6.10 km/s, probably depending on the
amount of shearing within the samples.

Wet-Bulk Density, Water Content, Porosity

A proportion of the sonic velocity samples were sub-
jected to GRAPE special 2-Minute counts for the deter-
mination of wet-bulk density. The wet-bulk density,
water content, and porosity of the greater number of
these same samples were then determined by gravimetric
methods. During drilling at this site the GRAPE ma-
chine underwent major servicing, including the instal-
lation of a new scintillation tube. This resulted in a 7%
per cent change in the attenuation coefficient obtained
with the 5-cm-thick quartz standard, and a doubling of
the air count. The change occurred between Cores 28
and 29 as far as the 2-minute observations are con-
cerned. However, as the comparison of the two methods
of measuring density indicates (Fig. 11), no systematic
error resulted. The slightly large discrepancies obtained
between the two methods at the higher end of the density
scale is thought to be due to the igneous rock samples

SITE 453

(particularly the breccia) being inherently more inhomo-
geneous on the scale of the gamma-ray beam (about the
thickness of a pencil) than the sedimentary samples.

The wet-bulk densities of the sedimentary rocks
range from 1.2 to 1.9 g/cm?. One sample (from Section
29-1) yielded a gravimetric determination of 2.03 g/cm3
and a GRAPE value of 1,50 g/cm?, This was the only
major discrepancy between the two methods (too large
to show on Fig. 11). The higher density is probably in
error,

The igneous rocks had much higher densities, aver-
aging 2.55 g/cm? for 12 breccia samples, 2.92 g/cm? for
three gabbros, 2.93 g/cm? for three serpentinites, and
2.63 g/cm? for a gabbro pegmatite.

Variation of Velocity-Density Parameters with Depth

Sonic velocity, wet-bulk density, and acoustic imped-
ance for the sedimentary sequence are plotted against
depth below the sea bed in Figure 12. In general all three
parameters increase with depth, although much small-
scale variation—particularly in sonic velocity—is ap-
parent. It is important to emphasize that most of this
scatter is real, not the result of measurement errors, and
is generated by beds with different properties alter-
nating in the sedimentary sequence, often within the
same core or section of a core. In an attempt to relate
these measurements to the seismic reflection profile,
two broad-scale discontinuities have been identified at
120 meters and 290 meters below bottom. These two dis-
continuities divide the sedimentary column into three
layers whose average properties are summarized in
Table 3. In terms of the measured samples themselves,
the three layers correspond to:

(1) muds and clays soft enough for samples to be
scooped from the cores;

(2) mudstones and claystones cleaving easily along
bedding planes to produce parallel-sided samples; and

(3) same mudstones and claystones as (2), but which
required sawing to prepare a sample for the Hamilton
Frame.

The normal reflection coefficient and two-way travel
time from the sea bed have been calculated for each
discontinuity and are given in Table 3. The correlation
between the calculated reflection times and the seismic
reflection record is shown in Figure 13. The reflection
coefficients increase down the column, but none is large
until the sediment/breccia interface is reached. The fact
that this does not show up more clearly on the reflection
record may be due to the probable rough surface of
breccia rubble layer.

Sonic velocity and porosity measurements for the
breccia samples are plotted against depth in Figure 14.
Both show consistent and compatible trends, with veloc-
ity increasing and the porosity decreasing with depth.

Thermal Conductivity

Thermal conductivities of core samples recovered at
Site 453 were measured, and a profile of thermal con-
ductivity of the uppermost oceanic crust constructed
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Table 2. Physical properties measurements, Hole 453.

Wer Water
Sound GRAPE 2-min. Content
Velocity Wet-Bulk (salt Wet-Bulk? Acoustic
Sample Depth (verncal) Density corrected)  Porosity® Density Imp‘edanc‘e

(interval in ¢cm) {m) tkm/s) Ig:'i:mjl (%) (%) {g/em-) tg/em*® s % 10%)
1-2, 100-102 2.50 1.52 73.7 87.9 122 1.85
1-3, B0-82 1.80 )52

14, 114-116 5.64 1.51

1-5, 100-102 7.00 1.50 68.8 85.4 1.27 1.90
1-6, 3-5 7.53 1.52

2-1, 100-102 10.0 1.51

2-2, BD-82 12.30 1.51 66.2 83.8 1.30 1.96
2-3, 85-87 12.85 1.51 57.0 77.9 1.40 211
24, 10-12 13.60 1.52 47.0 70.5 1.54 .34
3-1 18.5 1.51

3-2, 45-47 20.45 1.50 634 82.1 1.33 1.99
4-2, 105-107 30,55 1.54 T4.8 88.7 1.2 1.88
4-3, 100-102 20 1.53

44, 100-102 33,50 1.53 76.3 89.8 1.21 1.85
4-5, 60-62 34,60 1,53

4-6, 30-32 35.80 1.57

5-1, 75-717 38.25 1.54 75.0 89.2 1.22 1.88
5-2, 35-37 39,35 1.56

6-1, 100-102 48.0 1.58 4.6 88.9 1.22 1.93
8-1, 40-42 66.40 1.55

8-1, 132-134 67.32 1.57

8-2, 40-42 67.90 1.55 734 RE.5 1.23 1.91
8-3, R0-82 69.80 1.55 76.3 90.0 1.21 B8
84, 90-92 T1.40 1.56

9-1, 21-23 5.7 1.62 54.9 76.8 1.43 232
10-2, 100-102 87.5 1.56 75.3 89.3 1.21 1.89
10-3, 13-15 88.13 1.62

11-1, 43-45 94.93 1158 74.0 88.6 1.23 1.91
11-2, 43-45 96.43 1.78 50.9 723 1.45 2.58
11-3, 60-62 98.10 1.51

114, 43-45 99.43 1.52 69.7 86.6 1.27 1.93
11-5, 43-45 100.93 1.56 63.3 82.5 1,33 207
11-6, 43-45 102.43 | 68.5 85.8 1.28 1.98
13-1, B3-85 114.33 1.54 52.8 74.0 1.43 2.20
14-1, 46-48 123.46 1.62

14-2, 76-78 125.26 1.79 57.5 7.3 1.38 1.47
14,CC 126.0 1.92

15-1, 63-65 133.13 1.79 1.31 2.34
15-2, 29-31 134.29 1.75 1.36 60.7 80.5 1.36 2.38
17-1, 46-48 151.96 1.86 1.37 57.9 78.2 1.38 2.57
18-1, 103-105 162.03 1.72 1.40 51.5 7.3 1.45 2.49
1B-5, 137-139  168.37 1.83 1.50 52.0 73.6 1.45 2.65
19-1, 28-30 170.78 1.63

20-1, 140-142 181.40 1.61 1.31 66.7 844 1.30 2.09
20-2, 40-43 181.90 1.63

21-1, 120-122 190.70 1.81 1.31 66.6 8.6 1.28 232
21-2, 13-15 191.13 1.74

22-1, 148-150  200.48 1.83 1.43 50.0 711 1.46 2,67
22-2, 63-65 201.13 1.80

23-1, 105-107  209.55 1.73 1.41 55.0 75.3 1.40 242
24-1, 102-104  219.02 1.73 49.5 70.3 1.45 2.51
24-1, 140-143 21940 1.68

24-2, 712-14 220.22 1.63 53.3 73.0 1.40 228
24-2, 141-144 2209 1.68

25-1, 49-51 227.99 1.67

26-1, 49-51 237.49 1.62 50.1 Tt 1.45 2.35
27-1, 8-10 246.58 1.74 1.49 45.9 67.4 1.51 .63
27-1, 130-132  247.8 1.76

27-2, 108-110  249.09 1.71

28-1, 5-7 256.08 1.64 1.45 50.6 70.9 1.43 2.35
28-2, 29-31 257.79 1.66

29-1, 21-22 265.71 1.99

29-1, 89-91 266,39 2.06 1.50 20,4 40.4 2.03 4.18
29-2, 33-34 267.33 2.00

29-3, 32-34 268.82 243

29-4, 52-55 270.52 1.93

30-1, 103-105 276,03 1.68 49.8 T0.4 1.45 44
31-2, 68-70 286.68 1.76 1.53 48.2 69.5 1.48 2.60
32-1, 125-127  295.25 216 1.64 433 67.3 1.59 3143
32-2, 38-40 295,88 1.98

32-3, 70-72 297.70 1.97

33-1, 70-72 304,20 1.95 1.52 4.5 66.4 1.53 2.98
33-2, 30-34 305.30 2.09

33-3, 110-112  207.60 2.14

34-1, 72-74 33n 2.33 1.62 41.7 65.7 1.61 375
342, 116-119 31566 2.15

34-3, 89-91 316.89 2.03

35-1, 109-112  323.59 2.02

352, 4-6 324.04 2.02 1.63 42.1 66.6 1.62 wn
35-3, B6-88 326.36 219

36-1, 72-74 nmn 1.70

36-2, B2-B4 334,32 1.68 1.40 59.2 79.6 1.38 2.32
36-3, 106-108  336.06 1.97

364, 113-119  337.63 1.98

36-5, 73-74 338.73 2,39 1.90 29.6 53.7 1.86 4.45
37-1, 37-42 341.87 1,95

37-2, 20-22 343.20 217 1.73 36.5 6.6 1.70 1.69
374, 55-59 346.55 2.25

38-1, 100-103  352.00 2.09

38-2, 54-56 5304 201 41.8 66.3 1.62 3.26
391, 72-75 361,22 2.10 1.60 43.9 68.0 1.59 334

Rock Type

Mud

Mud

Mud

Mud

Mud

Mud

Mud

Mud

Mud

Mud

Mud

Clay

Clay

Clay

Clay

Clay

Clay

Clay

Mud

Clay

Clay

Clay

Clay

Clay

Mud

Clay

Clay

Clay

Clay

Mud

Mud
Mudstone
Mud

Mud
Mudstone
Mudstone
Mudstone
Claystone
Claystone
Mudstone
Mudstone
Claystone
Mudstone
Mudstone
Mudstone
Mudstone
Silty wff
Claystone
Claystone
Mudstone
Silty tuff
Silty tuff
Mudstone
Mudstone
Mudstone
Claystone
Claystone
Mudstone
Claystone
Claystone
Mudstone
Claysione
Claystone
Mudstone
Mudstone
Mudstone
Claystone
Claystone
Mudstone
Mudstone
Mudstone
Mudstone
Mudstone
Mudstone
Mudstone
Mudstone
Mudstone
Mudstone
Mudstone
Mudstone
Mudstone
Mudstone
Claystone
Mudstone
Siltsione
Mudstone
Mudstone
Siltstone
Mudstone
Mudstone
Claystone




Table 2. (Continued).
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Wet Water
Sound GRAPE 2-min, Content
Velocity Wer-Bulk (salt
Sample Depth  (vertical) Density correcied)

{interval in cm) {m) {km/s) (g/cm-) (k1]
39-2, 30-33 362.30 2.12
19-4, 54-56 365.54 1.91
40-1, 72-74 370,72 1.0
40-2, 98-100 372.48 1.93 1.49 439
40-4, 52-55 375.02 1.90
41-2, 81-83 381.81 2.19
42-1, 105-108 390.05 222
42-2, 52-55 391.02 2.26 1.67 84
43-3, 30-32 401.80 2.26 1.68 39.6
44-1, 36-38 408.36 2.24 1.59 41.3
44-2, 23-26 409.73 2.22
45-1, 45-47 417.95 2.42 1.62 37.5
45-2, 106-108  420.06 245
454, 50-52 422.50 2.56V
454, 50-52 422.50 2.60H
46-1, 14-16 427.14 2.14 1.70 384
47-1, 29-31 436.79 2.19 1.80 34.5
47-3, 32-34 439,82 217
48-1, 21-23 446.21 22 1.93 27.3
49-1, 77-80 456.27 5.52 2.83 1.9
49-1, 98-100 456.48 6.72 2.87 0.9
49-1, 113-114 456.63 5.70 2.83 1.1
49-1, 118-126  456.68 .37
49-2, 4i-42 457.41 4.41 237 6.3
49-2, 105-107 458.05 4.07 241 56
50-1, 42-44 465.42 5.96 2.83 0.7
50-1, 107-109  466.07 5.70 2,60 1
51-1, 5-7 474.55 6.82 2,80 0.3
51-2, 11-13 476.11 4.70 2.7 5.0
51-3, 19-25 477.69 4.77 2.46
52-1, 12-126 485.20 4.36 2.67
53-1, 33-34 493.83 4.84 2.58 4.6
53-3, 24-26 496,74 6.57 3.0 0.3
53-5, 123-126  500.73 4,75 2.50 4.2
54-1, 24-31 503.24 4.71 .64
55-3, 2-8 515,52 5.01 2.60
56-1, 38-40 522.38 4.15 2.58 4.2
§7-1, 123-125 532.13 5.40 2.48 il
57-2, 108-113 534.08 5.78 2.713
63-1, 25-27 588.75 4.21 2.86 4.4
63-1, 121-123 589.71 6.10 113 1.8
63-1, 127-130  589.77 5.19 2

Wer BulkP Acoustic
Porosiy? Density Impedance
(%) (z/emd)  (giem?s = 105)  Rock Type
Claystone
Mudstone
Mudstone
65.4 1.53 2.95 Mudstone
Silistone
Mudstone
Mudstone
62.7 1.67 .77 Mudstone
64.2 1.66 178 Mudstone
61.8 1.58 154 Mudstone
Mudstone
61.6 1.67 4.04 Mudstone
Siltstone
Mudstone
Mudstone
62.5 1.67 5 Claystone
59.0 1.75 3.83 Claystone
Siltstone
50.2 1.88 4.31 Very fine sandstone
5.1 2.83 15.6 Basalt
2.6 2.87 19.3 Gabbro
3 2.81 16.0 Metabasalt
Sandstone
15.2 2.46 10.8 Breccia
13.8 2.51 10.2 Breccia
1.9 2.82 16.8 Altered basali
8.1 2.66 15.2 Gabbro
(.8 2.88 19.6 Gabbro
12,7 2.59 12.2 Breccia
Breecia
Breccia
i3 2.53 12.2 Breccia
1.0 14 20,0 Gabbro
10.5 2.54 12.1 Breccia
Breccia
Breccia
10.4 2.56 10.6 Breccia
7.5 248 13.4 Breccia
Breccia
12.2 2.82 1.9 Serpentinite
5.3 308 18.6 Serpentinite
Serpentinite

i Porosity = sall correcied wet water content » wet-bulk density (gravimetric)/1.025.
Gravimetric method.
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Figure 11. Comparison of GRAPE (pgrapg) (2-minute) and gravi-
metric (g,,) determinations of wet-bulk density. Solid circles are
determinations of Cores 15 through 28; crosses are Cores 29

through 68.

(Horai, this volume). The results show a thermal con-
ductivity monotonically increasing with depth through
the entire sedimentary section. The rate of increase is
0.23 mcal/cm s °C/100 meters. There is no clear rela-
tionship between thermal conductivity and depth in the
breccia sequence which extended from the depth of 450

meters downward. Details are given in Horai (this
volume).

GEOPHYSICS

After drilling at Site 452, the easternmost of the Leg
60 drill sites, the Glomar Challenger traversed all the
other SP1 through SP4 targets on the way to Site 453,
the westernmost drill site. The reflection seismic profile
along this track is described by Hussong (this volume).
The Challenger then made one pass over the sediment
pond target for SP-4F, and returned and dropped the
beacon.

A generalized isopach map of the SP-4F sediment
pond in which Hole 453 was drilled was prepared from
the ship’s tracks approaching and departing the site,
supplemented by an L-DGO and two H.I.G. tracks in
the area. The map (Fig. 15) shows the pond to be
elongated north-northeast-south-southwest, 3-5 km
wide, and at least 20 km long. It is flanked by irregular
ridges rising only about 400 meters above the pond on
the west and 200 meters on the east. Although the north-
eastern end of the pond was not crossed by any tracks
available to this report, a track along 18°N latitude does
not intersect the pond. The sediment thickness in the
pond also decreases markedly to the northeast.

The southwest end of the pond is also poorly defined.
An east-west H.I.G. track along 17°48'N shows the
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Figure 12, Shipboard density and sonic velocity measurements of Hole 453 sediment core samples used to
calculate the acoustic impedance with depth.

Table 3. Summary of velocity-density parameters, Hole 453.

Sonic Wet-Bulk Acoustic Two-Way Travel  Normal Reflection
Velocity Density Impedance Time2 Coefficient at Predominant
Interval (km/s)  tg/emd) (108 g/emi ) (millisecond) Base of Layer Rock Types
Sea water 1.540 1.03 1.59 0 0.09
near bottom
0-120 m 1.54 1.24 1.91 156 0.13 Mud, clay
120-290 m 1.73 1.42 2.46 352 0.19 Mudstone,
claystone
290-455 m 2.19 1.64 .59 503 0.54 Mudstone,
claystone
455- m 475 2.55 12,1 Igneous rock
breccia

2 From sea bed to base of layer.

Interpolated from Matthews Tables, Area 42, for a depth of 4693 meters.

sediment pond at the same water depth, but this far
south, it is disrupted by large, high-angle faults. This
profile is not used in Figure 15. Another Hawaii In-
stitute of Geophysics track, at about 17°46’N, did not
intersect the pond.

A cross-section of the pond, through the drill site and
along the ship’s track, labeled A-B in Figure 15, is
presented as Figure 16. This is a true-scale (no vertical
exaggeration) depth section based on the reflection
times obtained by the Challenger during the crossing of
the pond on 0301-0346 28 March (Fig. 13) and velocities
of drilled samples as measured aboard ship. The thick-
ness of the sediment layer and depth to the top of the
gabbro/breccia are well controlled by the profiling data
and the drilling. The depth to basement is calculated
from less distinct reflectors and should be considered
only a good approximation.

Figure 17 also shows the reflection record from which
the pond section is derived. It is interesting that in the
adjacent pond to the east, sub-bottom reflectors in the
sediment have similar character and depth to those ob-
served at Site 453, suggesting that the sediment char-
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acter and sedimentation process found in Hole 453 may
extend to adjacent ponds.

When the gabbro/breccia material was first sampled
at Site 453, the initial shipboard evaluation was that we
had penetrated a talus slope. However, if we assume
that the reflector which correlates with the top of the
breccia is continuous across the pond, as is apparent on
the reflection record, then the scale drawing (Fig. 16) of
the Site 453 pond shows the relatively flat upper surface
and large volume of the gabbro/breccia material in the
pond, particularly when compared to the relative small-
ness of the ridges surrounding the ponds. It is difficult
to consider the ridges as the source of the disturbed
crystalline rock in the bottom of the pond when looking
at the slopes and transport distances without benefit of
vertical exaggeration. Furthermore, the presence of the
4.75-km/s layer throughout the pond, rather than only
at its periphery, suggests that the rock fragments com-
prising it were fractured and deposited essentially in
situ.

A possible source of the breccia rubble might be
crustal faulting that could also be responsible for the
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Figure 13. Low frequency (120-cu. in. airgun source) reflection record across the pond at Site 453, The sediment pond at the left is the western side
of the same pond before the Challenger reversed its course and made the second crossing (west to east; labeled A to B). The reflectors labeled by
their two-way seismic travel times beneath the sea floor correspond to the calculated major change in acoustic impedance observed in the core

samples (Fig. 12).

elongate north-northeast-south-southwest orientation
of the Site 453 sediment pond. This possibility is given
more likelihood by the post-cruise determinations that
the polymict breccia and the underlying meta-igneous
rocks are apparently derived from the West Mariana
Ridge. The initial rifting during the onset of spreading
of the Mariana Trough may have produced the deep
graben-shaped depression at Site 453, and provided the
vertical displacement needed to get the arc-derived rocks
into their present location.

HEAT FLOW

At Site 453, a terrestrial heat flow experiment was
conducted for the first time using the new Tokyo T-
probe developed by Yokota et al. (1980). The downhole
temperature measured at a sub-bottom depth of 75.5
meters was 11.9°C. This value and the bottom water
temperature (1.7-2.2°C) gave the geothermal gradient
value of 12.8-13.5°C/100 meters. The in situ thermal
conductivity of the sediments was estimated as 1.82
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Figure 14. Variation of sonic velocity and porosity of polymict breccia
and meta-igneous rock samples versus depth below sea floor from
which the cores came in Hole 453. Using the values, an average
seismic compressional velocity of 4,75 km/s was assumed for these
rocks.

mcal/cm s °C, from measurements on 28 samples re-
covered (Horai, this volume) between the sea bottom
and a depth of 88.3 meters. On the basis of these values
of the geothermal gradient and thermal conductivity,
the heat flow for the depth interval 0-75.5 meters was
estimated at 2.33-2.46 x 10-6 cal/cm? s (HFU), the
mean being 2.40 HFU.

The heat flow value of 2.40 HFU obtained here,
though estimated from only a single temperature meas-
urement, may be considered reliable. This value is sig-
nificantly higher than the average oceanic heat flow but
is reasonable for young sea floor such as the Mariana
Trough (Watanabe et al., 1977). Heat flow measure-
ments taken previously in this area by a conventional
oceanic heat flow probe are below 1 HFU (Anderson,
1975). In view of the possibility that the heat transfer in
the young crust is largely controlled by hydrothermal
circulation, local high variability is expected. An addi-
tional series of conventional heat flow stations obtained
after Leg 60 did find this expected high variability (Ho-
bart et al., 1979). The igneous rocks sampled from the
bottom of Site 453 exhibited both petrologic and paleo-
magnetic evidence of hydrothermal alteration (see sec-
tion on petrology and paleomagnetism, this chapter).
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Figure 15. Sediment isopach in seconds of two-way travel time near
Site 453. The reflection profile shown as Figure 13 is located along
the A-B track line segment. Data from tracks of the Glomar
Challenger, Kana Keoki, and Conrad.
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Figure 16, Depth section of the sediment pond at Site 453 showing the
position of the drill string at the deepest core. The seismic veloc-
ities in each of the layers is averaged from shipboard measure-
ments of core samples.

Details of the heat flow measurements are given in
Uyeda and Horai (this volume).

SUMMARY AND CONCLUSIONS

Any evaluation of the results of the Site 453 drilling
in relation to the objectives set forth in the beginning of
this chapter must be tempered by the recognition that
we can conclude little about the origin of the crust be-
neath this site. Although we penetrated nearly 150
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Figure 17. Two crossings of Site 453 and the two sediment ponds east of the drill site. Note that the ponds are at very different depths,
demonstrating that there is no sediment transport path between adjacent ponds because of intervening bathymetric relief. Nevertheless, the
acoustic character of the reflectors (depth below sea floor and relative amplitude) is highly similar in the ponds, suggesting they both underwent

a similar sedimentation history.

meters of igneous and meta-igneous rocks beneath the
455.5 meters of sediment in Hole 453, an evaluation of
the seismic reflection profiles over the site indicates that
acoustic basement, though poorly defined, is much
deeper. Correlation of seismic reflectors with depth, at
which major changes of acoustic impedance were calcu-
lated from shipboard measurement of the physical
properties of the cores, was good in the sediment.
Although the top of the breccias produced a less distinct
reflection than would be expected (at ~0.5-s reflection
time), strong reflectors are observed to sub-bottom
depth of over 0.7 s. This indicates that we were still
more than 300 meters from acoustic basement when the
drill bit apparently failed.

The rocks that were recovered are all derived from an
island arc, and we assume that they are tectonically
displaced from the West Mariana arc during initial rift-
ing of the Mariana Trough. This would suggest that the
crust beneath Site 453 may not be part of the Trough.

However, the rocks have been exposed to a high degree
of hydrothermal metamorphism that produces altera-
tion similar to that encountered on other Mariana
Trough sites (e.g., Site 454). Extremely high and vari-
able heat flow (~0->20 HFU; Hobart et al., 1979) was
also measured in the Site 453 sediment pond. These indi-
cations of pronounced hydrothermal circulation suggest
that the crust beneath Site 453, perhaps at the depth of
the acoustic basement, may be part of the Mariana
Trough.

Regardless of the nature of the underlying crust at
Site 453, we also are at a loss to explain how the large
volume of apparently flat-lying breccias were emplaced
in the pond. The surrounding ridges seem to be distant
and small sources for the voluminous breccias. The
breccias are also of two distinct types (86 m of gabbroic
breccia with large clasts overlying 29 m of very different
volcanic breccia with much smaller clasts), suggesting
that two different events and/or sources produced the
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breccias at the time of initial back-arc basin formation,
after which sedimentation began about 5 m.y. ago.
None of the explanations for the breccias suggested in
this chapter (talus pile, avalanche deposits, drilling in a
fault plane) adequately explains their character.

The sediments at Site 453 are of predominant island-
arc volcanic origin. By the early Pliocene, volcanism had
ceased on the West Mariana Ridge (Site 451; Kroenke,
Scott et al., 1980) suggesting that the present Mariana
arc volcanoes were the source of the sediments. At first
the sedimentation rate was very high (~34 kg/cm?/
m.y.) at Site 453, but this rate uniformly decreased with
time as the trough opened and the arc volcanoes moved
away to the east. The progressive filling of the bathy-
metric lows in the western Mariana Trough would re-
duce the ratio of the area of the turbidite source to the
area of deposition, thereby effectively slowing the sedi-
mentation rate. However, this effect, because of the
rugged terrain near Site 453, is minor compared to the
dramatic rate of slowing of deposition observed at the
site. Only a slight increase in the sedimentation rate in
the late Pliocene-early Pleistocene (1.8-0.9 m.y. ago)
deviates from this uniform decrease in sedimentation,
and may therefore represent an episode of increased vol-
canism.

On the basis of the paleontologic and paleomagnetic
age determination of the basal sediments at Site 453, the
half-rate of spreading of the Mariana Trough must be
less than 2.4 cm/y. The apparent uniform decrease in

sedimentation rate suggests that this spreading (and
then the removal of the volcanic source from Site 453)
must have been similarly uniform.
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Radiolssions ?
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SITE HOLE CORE_ 8 CORED INTERVAL: 66.0 to 755 m SITE 453 HOLE CORE 9 CORED INTERVAL: 75.5 to 86.0 m
FOSSIL o FOSSIL
5 |- | cHaractEer | S | |cHaRracter |
x(su 8l £ | crarmic LITHOLOGIC DESCRIPTION or|dy 8| £ | orarHic LITHOLOGIC DESCRIPTION
1z 52|28 S| & | urHotoey 1z (721218 5| & | urHoLoey
Fa ERFETES i S HEE o=
- = - <
= = |9/3|2 = = |2]Z|2
Greenih ~ T evan
oy s = 1 5GY 572 CLAY, LITMSCMUD, VITRIC MLD,
CLAY, CRYSTAL MUD, AND VITRIC MUD, =l |re i Al ey (B Y e donky :.A_I':f woen 1SGY 512,
gresnish black [5GY 2/1), igh olive green (SGY 3/2), Y y ering.
moderately olive gray (5Y g‘.ﬂ’i‘g dusky yollow grasn E
5GY 2/1 (10GY 3/2) and olive black (5Y 2/1), moderataly al & SMEAR SLIDE SUMMARY
1 deformed. No internsl laysting in each color. o
B a Core-Catcher: Ais above. i E N
SMEAR SLIDE SUMMARY § o §§ gi
3.8, 8. % § . TEXTURE e e e
£ g £ ;‘: ] URE:
- Sand - - -
FFi3siaE 5243 E S . = =
185 270 348 3120 445 470 - Clay 9 B0 90
sGY 32 TEXTURE: -1 TOTAL DETRITAL 100 a5 100
o) v Sand 2 - o = - COMPOSITION:
z 2 Sily & 10 40 7 a5 2 Feidspar 5 5 10
Clay 90 90 80 83 60 95 3] Clay % 8@ 80
: TOTAL DETRITAL 80 97 100 98 100 98 . Valeansc glass . v 0
COMPOSITION: aoﬁ feagmants = 16 +
Ouartz - - - + - - 1 ul . . -
! Faldspar 5 5 10 -3 10 3 : Zeolite 1 5 -
a Heavy mineras - — + - *
a Clay 8 00 60 91 60 00
= g Voltanie giass v 2 W 2 e s
3 BY 472 ock Hagmants HIR i v pori
§ Micronodules 7 13 2 .2
- Zoolite - + - - -
g 3 SITE 453 HOLE CORE 10 CORED INTERVAL: 85010 045m
°l e SMEAR SLIDE SUMMARY e FOssIL K
106Y 372 3 o |z CHARACTER | sz,
H s O |aw o| 2| erarHIC |57=l5
i3 gi S = nZlals | £ | otoey 2213, LITHOLOGIC DESCRIPTION
w5 18213 Z]w ul ¥ 2%
=7 |2M=(Zz|a w SalTE
oY TEXTURE: nrss e = |= |9|%|2 | S
Olive gray Sand 5 2 =
5Y 32 é‘:\‘ :g ;g ﬁ Section 1, 0-100 em: Diilling Lraccis of green and brawn clay fragments
4 SGY 32 TOTAL DETRITAL 100 @8 100 CLAY, VITRIC CLAY, olive gray (5Y 3721, grayish olive groan
COMPOSITION: {5GY 2/7) with SILTY VITRIC ASH (330 16 40 em), durtky alre green
Quartz : & e e [BGY B/2} in color, maderately deformed with only colar leyering.
Y 211 Faldspar 15 5 [} Cone-Catcher: A3 abrave.
Olive gray Heavy minersh = 1 -
Clay 6 B 7
16Y 4/1) Volcsrlc gliss Tg ' 15 SMEAR SLIDE SUMMARY i
B Rock fragments 1 - 5 k
AeLE. - Micronoduies - 2 = i g" i i’ t 1
Zoalia - =L s EEziziszz
z -
Z 210 222 280 340 387 CC
= v 32 TEXTURE:
= Savd - i e :
Sih 8 W 5 7 W0 8
& Clay 92 80 95 &8 10 87
; TOTAL DETRITAL 100 ©5 100 100 100 100
£ & 8 COMPOSITION:
w7 eldipar 5 5 5 2 6 3
E 56y /2 Huavy minarals = o, ¥ - 1 -
Clay 80 70 93 88 0 W
Valcanie glais 5 20 2+ B 5
Micronodules Ll ] 1 = - -
Zeclite b Ca om R =
- Dlatams - B — - - -
5GY 672 Radotaria = & e B = =
5GY 37
RM| B
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SITE 453 HOLE CORE__ 11 CORED INTERVAL 94.5 to 104.0 m SITE 453 HOLE CORE 12 CORED INTERVAL: 104010 1135 m
FOSSIL s FOSSIL
% |~ [ cHaracTER % sl 5 w | CHARACTER |
o, |2 “ u o n
2 jaw S| £ | cRAPHIC s O law o| = | GRaPHIC
1z [55% § 5| £ |utnotoey ;ggg LITHOLOGIC DESCRIPTION e § £l & | urwolocy LITHOLOGIC DESCRIPTION
w3 =5oa >
Fal ER FEE e 5223 S FEE HI
= = 12|22 e o = 19122
T o T,
ve gray , frayish olrve green . and grayish graen 1 <
[10GY 5/2). SemIithified corn shattsred by drilling (crumbles) ‘%ﬁg'?mmmc:mr;:mﬂﬂzfmgr
Breceisted with fragments in o muddy matrix. Some
1 - SMEAR SLIDE SUMMARY 1 radiotarian ooge which occurs is downhole contaminetion,
B
i 5 ; ; !. SMEAR 5LIDE SUMMARY
- M0 17 T 23 0 E g_, i
¢ z
Sand - = - = 2
G ® % o 9 1 "E .i :.E
. ™ §
Y37 SotaLpetAItAL 10 100 #9100 0 ;::wna:
COMPOSITION: - - -
2 ! Faldspar s 10 2 5 2 %‘l.\v g :.g &
g.:. minerals b ** T o] TOTAL DETRITAL 96 £ 100
Hored ced » oA 3 & 0 COMPOSITION: o . .
mcmm::“ . - i j Hoavy minerali ¥ - 1
itw + . . 8 Clay BO 30 20
Fish remains + + - :dunicnln ? - & 75
icronodules =]
1] ite 2 . =
SMEAR SLIDE SUMMARY Nannofessits + = -
Diatoms - 5 -
£ = 0 Radiolaria 50 =
- B 9 I 5‘5 E .i E E 3 Spongs spicules B I
= 10GY 572
H o 268 375 aB0 823 0 5GY 312
s TEXTURE: £
Sand 2 - - - 2 0
H Sitt 40 30 2 30
a iy B0 70 BO m E
TOTAL DETRITAL 100 100 100 & I 0
£ COMPOSITION
& Feidspar 5 3. w1
=} Heavy mineraiy - - - 1 D
4 8 0 8070 i
Volcanic glas n + - 3
Rock fragments * - - - ﬂ
Micronodules 3 - ‘ 2
Fish remnains - - - - U
0
) 0
0
s | 0
BGY 372 0
Fay
&
A
% Y
&
8 Fa¥
7 7
B|B cC B|B cc
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SITE 453 HOLE CORE 13 CORED INTERVAL: 113510 1230m 5ITE 453 HOLE CORE 16 CORED INTERVAL: 132510 1420 m
FOSSIL L FOSSIL N
S | |LcHARACTER ulea % |~ | cHARACTER :
a, s, 8| 2| srarmic | 5= o, |2, 5| 2| crarmic LZEas
1 P S| B | | 1THoto oY EEleniou LITHOLOGIC DESCRIPTION e Bl B | Srmaay it LITHOLOGIC DESCRIPTION
Zlnp|2|Q o Szvlaa] Z|mglz|Q G| @ e
2 |on|g|Z|w o= = “‘=onczg w| = =508
2 215|3|5 5 ZlEs = - ie=Es
| (2|z|= - = (R]z|= e
z CLAYSTOME, i ol |5GY 321 and il CLAYSTONE, MUDSTONE, VITRIC MUDSTONE, greenith gray,
= (10GY 6721, mﬁ':liuilnd:;.:ﬂh anchs ;| JI?E\« &ﬁllc BGY 21 dark greenkih gray (SGY 4711, griyish grean (5GY 21} Burrowsd
s| B sy 32 ASH AND MICRONODULAR SAND, olive black [5Y 2/1), L il miatthed, semi Hihifiod, fragmented 1o pastn on Section 2 and
= rwiers Botiom half and upper part of Secton 3. Beddmg occurs in the
semi-lithified and crumbly,
-] ‘E L—] f— bowar part of Seetion 3. A cross-bedded unit i st Section 3;
= = . 10GY &2 5560 &m. 1t contains coarse Mudstone graina 1o 3 mm_
= i ., BY 201 SMEAR SLIDE SUMMARY po— Core-Catcher: Claystone a abave
=
- BGY 12
E = - Fosvan k| SMEAR SLIDE SUMMARY
E RM| B hs r i E i
; 5GY 37 £ ix ] z
= 5 ] = ==
B 5% 5% 2% 33 8|2 Craanish § 5 -5
177 167 1120 CC E BGY 2/1) 5 § §
;‘Ex'runs: o i 3 i
o - = s 130 1180 2113 333
Silt B & 20 5 2 ] 5 TEXTURE:
Ciwy 5 w08 3 Sandd . = i B
TOTAL DETRITAL 100 8O FL] o9 M St 5 1 ] 5
COMPOSITION a Clay 96 88 96 85
Faldspar 18 15 0 5 TOTAL DETRITAL 100 100 100 5
Heaey minerals 10 1 COMPOSITION:
Elay - 8 n " Faidypar 5 ' 5 a
Valeanic gy n 30 2 BG a1 Huavy minerats - = - ]
Micronodules - 20 1 Cloy o - o o0
Voleanae ghass +* 2
Micronodules . = ‘ -
- Znolite - - . -
SITE_ 453 “o:;ssu CORE 14 CORED INTERVAL: 123010 1325 m R Zaslln: = E ¢ ;
S |- | cHaracter | gl I SMEAR SLIDE SUMMARY
= < i et =
O |aw O| = | GRAPHIC &
T2 :g £ 8 5 E LITHOLO GY -;“‘k LITHOLOGIC DESCRIPTION .
e z =o0a
2 |onNZ12 18 H R =dod 4 i EE
2 2 (5l3|2 Sl i ] EE :
r “|Z|= B i s 2 g ]
. BGY 21 MUDSTONE AND CLAYSTONE, greenith gray [BGY 2/1) and 340 347 s e
AGl . dark greenish gray (BGY 4/1). The core it samilithified snd TEXTURE
fractured, Unfractured frapments are in the drilling paste. Sard 2
Burrows and mattling aho occur Silt 23 0 15 o0
& CoreCatchar: A atove Clay 5 B0 a5 a0
. TOTAL DETRITAL 86 9 o4
- . SMEAR SLIDE SUMMARY EOI:‘DPOSITIUN & - 5
= Y 4 L L3 +
‘f‘ Heavy mineras 3 - .
B3 - 35;53§;§ Clay 5 B0 82 @0
3 g L3 Voltanic glass 1 . 10 '
M 1
|2 = TEXTURE TR Zootm . s s
5 g = Sand ' 2 1 0 Manma oty - + . =
32 , Silt 8 20 10v 10
§ SGY 21 Clay 9 B0 80 80 Site 453, Core 16, 142.0-151.5 m: No recovary,
2 TDT-:IE“DE_‘I‘HH'#L 80 92 W0 08
COMPOSITION
2 - Dt ¥ = 2 SITE 453 HOLE CORE 17  CORED INTERVAL: 151510 1610m
i G an Femey inarsh By FOSSAL >
v B0 80 90 B9 r} 5 CHARACTER z| o §= i
— - ‘wlcanic glas 2 T 5 a o -
88 cc g Rodk frsgnents 4 = " = Fal= 1 9 Q| £ | GRAPHIC logia5E | LITHOLOGIC DESCRIPTION
Micranodules - 1w+ 1 lz|a5|2|0 Ol & | LITHOLOGY E=ian o2
Zuolite wo loml<|Z|m w| E 2%
Hunrofossit 0+ - =7 |=Mx|Z|a n e
Spange spicules £ - -~ - = |= |2 ; 2 5| nimd Shon)
SMEAR SLIDE SUMMARY z ] ] MUDSTONE, greenish black (5GY 4/1), semilithifisd,
= | dightly motried.
2 i | 5GY 411 Core-Catchar: Mudstane as sbove.
Eg 3 5 H § § g = s I SMEAR SLIDE SUMMARY
210 245 CC 5 AP|RP g -
5 = CC
TEXTURE: ey = |8 Lo Micronadular  Vitric
Site 5 10 15 £ g b i
Clay B 00 &8s =la 117 ©c
TOTALDETRITAL 89 100 80 TEXTURE:
COMPOSITION: Sand - 1
Quartz 4+ - zlt g 3
Febdypar 3 W s oy
Heavy mineral - = = g;-:(lssbls'lréu'ul. B5 81
86 50 BS i
Voleanic glass 1+ - Feldipar 5 5
Rock fragment - - - Hewvy mineraly * 1
Micronodules 1+ 1] Clay 5 60
Zealin - - Woicanic glase L] 16
wahulh'” - - m?‘:nduln 1 EI!
Sponge sicl - - - Fish remaing L+ =




SITE 453 HOLE CORE 18 CORED INTERVAL: 161.0 to 170.5 m SITE_ 453 HOLE CORE 19 CORED INTERVAL: 170.5 1o 180.0 m
FOS55IL FOSSIL i
= |- |_cHaracTER Z |~ |_CHARACTER
3. |2 3| 2| craruic v |2 8l 2| crarnic 5
=sxe o e LITHOLOGIC DESCRIPTION al e =1 2
e S22 § | £ | urnotoey iz n2|2 § £| & | urnoooy EREECH LITHOLOGIC DESCRIPTION
= 12N%1218 5 = = (29%|z|8 H B Zloazs
- - 9 z § = At E z :‘; A S
CLAYSTONE, CALCAREQUS, VITRIC AND MICRONODULAR = VITRIC MUDSTONE, madium groanish gray (5GY §/1). The cors is
sG a4/l MUDSTONE, mainly gresnish gray (5G 6/1) to dark preenish gray § = beaknn up Ly diilling, semi-lsthifed, partings in mudstone every 3.5 mm
{86 4/11, soft and highly deformed. Semilithitiod 10 1o 130 em 3 BGY /1 oward e BOtoit:
uotist bated mudatone, 1-130 an to 2-130 e leminated muditone ") B RP Core-Catehar: As sbirve.
L with olemie (7] horizons. &
1 2130 cm to 5-182 em: Bioturbated musdstone. = AP| B SMEAR SLIDE SUMMARY
B 6-0 10 10 em: Graded bed, fine to medwin send-size (muditone [
clasts 7). w | o Vitrie mud
i waLe7) 610 em to 740 em: Biotarbared {7) mudsione 5 160
ﬁ Core-Catcher:' Laminated muditon: ;‘E>;TURE'
- i -
E Silt 40
Tl SMEAR SLIDE SUMMARY 3 Clay a0
AE gmés DETRITAL 100
A - ITION:
ﬁ1 o 53 5 if g Feldspar 5
/f\ ned 2 2 ﬁ Haavy minaras +
2 Siarae H E Clay 55
) Volcanie glass a0
paAn % 3; 35 3 -] Zealite ?
T4 20 228 213 342
ﬂ TEXTURE
; e w 0w
b iy 40 2
Clay 70 B0 B0 40 98 SITE 453 HOLE CORE 20 CORED INTERVAL: 180.0 to 189.5 m
g:‘.%;‘)‘r_'rghllul. 75 an 53 % ] —*| FOSSIL T
I it bl
Feldspar 5 = 1 5 2 b 5 CHARACTER | wled
Heavy minarali - - 4 1 4 O\ [+] = GRAP Z I
Clay 7 0 50 50 o8 Sl Fel={ I 173 2w AFMLL 8 LITHOLOGIC DESCRIPTION
3 Valcanic glass - 2w s 1z |52/2(8 5| & | utHoloey [ElerCy
B Micronodube - - - 20 - wa lom 5 Z | w| = an"
Zealite - - - 5 . = |ZMx|Z|a w =3
Carbonate umip, %5 &0 50 - + = |= 2 g = G v =
SMEAR SLIDE SUMMARY MICRONODULAR MUDSTOME, ddark greanith gray (5G 4/7), mottiest
atiel busrrewel, seeni-lithifsed, reck parily pulverized by dellling, with
5 BILTY CHALK (pain blus green [BBG /2] ) 27 1o 26 cm graded
L] g 5 bedbdad, Brirrawed a1 top. Burrenws are inliltersd with cverlying
; seciment
bl ; i
BG A -] § = B
4 i i i £ E SMEAR SLIDE SUMMARY
H >
62 66 &M 75 ccis S Mol
&r::'run:: ) I ) ) 23 270
Silt a0 [ 20 30 TEXTURE:
Clay 70 ar 78 80 70 = . 886 7/2 Sand -
TOTAL DETRITAL 70 6 85 95 95 =z silt 60 0
COMPOSITION: - Ly 40 10
Felspar 1 5 2+ 5 2 TOTAL DETRITAL 30 &0
ey minerst + 1 - + < £ . COMPOSITION:
Clay [ 0 @ 80 70 E 2 Pdio - 5
Volcanic 5 0 5 15 20 . vy miner - -
5 bivetuidved 2 B - & & B y a0 %
Zoolite & % - - - % \N_:l:-m: glass * -
Carbonate . . = = 5 L] Micronadules -
Carbonate ump, m
Nannofossils * -
& 56 4i2
= Gresnith -
- black B
18G 2/1}
3
L BG 4/Y
B
" Medium greenish
7 gray ls‘:‘w»o
senish gr
B|B cc fesn”
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RE 21  CORED INTERVAL: 1895 1o 199.0 m SITE 453 HOLE CORE 22 CORED INTERVAL:  189.0 10 2085 m
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SITE 453 HOLE cOo
FOSSIL L 5 FOSSIL )
s 1= CHARACTER - G |~ | CHARACTER =l
0, |2 3 2| crar B O 2w 3| 2| craric [35=5
= b= I 9 ol & & z'c Z3/8., LITHOLOGIC DESCRIPTION Tz1Ezl2l8 =] # | Linotoey S B LITHOLOGIC DESCRIPTION
z a3l 2(0 5| & | uTHOLO GY Zafur 2e Z 5% R Ebe
+5[0R(2|2 |5 a2 2s 2> o8|2|Z |y i =oEa03
- = b e - -3 w [=w| =
c |= |o|g|z =3 F = |o|2|2 (B3 S
10 to 88 gm: MUDSTONE, gresnieh gray [5G 6/1), wemi- F3 | Moderate greanish
ndurated, upper part fractured by drilling. & gray [5G 4/1) ?.'GI-’;L%’:‘ \'f’:::!;%:sluv VITRIC MUDSTONE,
198 10 126 cm: MICRONODULAR MUDSTONE AND VITRIC ] 1.0 00 24 cm; Partings and anivss
oo SRR . e y ey i e o e o e o s
109 &ndk gr. st tom. The E o i
\ ‘ uuu.wm e.mumm sl to top unit — E 1 m:g:“_‘j mﬂ;’i"ﬂﬂf it S
” - SILTYVITHICTI.IFF MDﬂH!lN greanish gray, laminated in the i. 2460 to B4 em: Laminated —silt sand every 5 mm 1o 1 em
n odnule‘grun ALl b phebiseiriy 204 19 108 em: Crombedded ailt
B Aol G mtchari: #48 stk § Dark grewnish Fhotod- i il o O
- oen o E oy 2O &) : Silty vitric 3
3 Q- SMEAR SLIDE SUMMARY
& 2 5G4/ SMEAR SLIDE SUMMARY § )
I g R E
Ble cc ¥ z | = H £5 =
RN HER 2 i 108 81
2. B H = 2 BGY B/
i 5E & ga SESE r 110 233 140 150 183
TExtURE
1102 111 147 28 240 T and = - 2 1 10
. Sitt 40 2 7 00
TexTuRe ) _ ) e é Y a1 Clay 6 o8 70 80 30
e Ty & % 2 S TOTALDETRITAL 100 100 94 100 100
3 COMPOSITION:
Clay 80 45 95 40 70 66 Feldipar 10 H B+ 30
TOTALDETRITAL 23 10 08 98 100 95 Lails = “"_‘_“'m,mm . i .
COMPOSITION: “ e
Feldinae # s 3 5 & \l'alﬂmcyau I —Qe g ?g ;g
Heavy mmeraly * - - -+
Rock fragments * - = -
Clay 0 S5 95 15 70 B0 Froahsls giss) : PR
Wobcanic glass 1 0 - BO 75 30 Zatie = - =
Micronodules Tg 35 2 g Carbonat unsp. - - = = i
Zeolit + B - - i
Carbonate unen. ' 5 - - = Nannotossily - - .
inlhluiod = T = =~ = .= SMEAR SLIDE SUMMARY
. A és £
& =
a8 H:
220 282 289 2120 CCH
TEXTURE
Sund = - 5 - -
Sily 30 0 80 10 50
Clay 70 B 3B B0 B0
TOTAL DETRITAL 100 100 100 5 o
COMPOSITION:
Feldsgar . 5 0 2 3
Hemvy minsraly = y - & =
Clay [T T T R |
Voicanic glasi » ol 45 0 60
Rk fragments - = -
Micranedules - T 1
Zeolite - - = =
Carbonate unsp. - - - + .
Masnoloisil 3 + - 3 2
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SITE 453 HOLE CORE 23 CORED INTERVAL: 2085102180 m SITE 453 HOLE CORE 24  CORED INTERVAL:  227510237.0m
i FOSSIL - I FOSSIL
g : CHARACTER > - - 9 g .; CHARACTER = L
s O| = | GRAPHIC o
e e Q| & | GRAPHIC jaglz5lg LITHOLOGIC DESCRIPTION =] = 2 & LITHOLOGIC DESCRIPTION
1z n2l2[8 5| & | utHolo ey [ZEler Su 1z [=%|2|8 £l = | urhotoey 2
22 |onl2)2 |y i 522% 7 |on|212 ) 4 = 23
F=J = - =i = ) = |= |« =
- = |2 g g 8| 5] - = g Z|2 =
SGY 411 VITRIC MUDSTONE, CLAYSTONE, dark goensh ray boiai b
5632 {BOY AJSL. ke aaan 160, 3/2), geayh ek {100 B2l CRYSTAL VITRIC MUDSTONE, CLAYSTONE, and
I 1010 18 em: Bioturbuted 5GY 41 SILTY VITRIC TUFF, geeniin gray (BGY 6/1), dark
118 10 23 em; Croas bodidedt i1, and ciive gray (5 441}, semi-
1:23 to 60 om:  Sioturbated £
B | deTHe 16090 98 w1 Ueningnsd, 3 few narmow astical Buiiows 5GY 5/1 1010 35.cm: Muditone it parins | em
3 H 196 to 120 em: Hlnl:nuﬂ i }?2"2: g
& |- 1.140 10 253 cm: Non laminated 78 to 79 cm: Gross-bedided sand lers
f § Core-Cateher: Bioturbated :;?:::“ﬂ.mlw downwards, burrowsd a1 1op,
ocleraty greanis, UMMA 1-89 10 128 om: Small burrows and fla parti
5 to TOWE t partings
3 o 82N L 11128 10 210 cm: More silty, erosional base
g i 5GY 61 21010 30 em: Laminations, bed, coarsans dowrwands:
3 [ Fd wrosional hase
E ; 5 x|z 230 10 47 om: Mudstone, claystone, laiminated faintly nas:
- Dase.
2 AM) B 5GY 471 5 5 é é L i 247 10 50 om: Cross-bedded sardy (syer
L mu:m: Emive mudstang lemingtions near base.
-8 181, 19 188 o em: Crosi-bedded silt
TEXTURE: b ] 4 i 298 1o 103 em: Lominated sardy layer
Sand - - - - 2103 em to Core-Catcher: Mamiive mudstone
it - 0 5 20 2 Core-Catcher; A3 sbove
~ 50 9% 80 £
T'mll. DETRITAL 10 100 a7 - E SGY 01 SMEAR SLIDE SUMMARY
COMPOSITION: ”
Faldapar - 3 ' 2
Clay 0 %0 % 80 [cM| 8 _“i . H ] £
WVolcanic glass - ? 3 15 $4 2 i -E =
T = I =E=fRE %R 38
i = z
2 = - - 120 169 1785 182 147 1100
TEXTURE p
il 30 W B0 3 30 S0
Clay 70 80 20 5 70 48
TOTALDETRITALIOD 97 100 100 100 98
POSITION:
Duartz - - - - -
Foldupar 5 2 & 19 & 2
Heavy minersh - * . - - -
Clay 0 83 20 65 70 45
Volcanic glass 25 10 75 2% 25 50
Micronodules - 2+ . N 2
Zeolite - 1 = - - 1
Foraminiters - - - - —
Nantonsil + - - = 4
Ooegue - 2 - - = -

SMEAR SLIDE SUMMARY

E 3
JUE ]
£ E
s158 Sisid
23 237 248 2.55 276 2125
TEXTURE:
Sart 10 - 5 ., =
Sil W & 3’ 1% 20 10
Clay 60 95 &0 85 80
TOTAL DETRITAL 100 100 100 00 100 100
COMPOSITION:
tluvu - - 1
5 10 L] om0
Hurvm-uals - = - + - -
60 90 S5 B8 75 90
\l'olclnh:glm s - a0 5 1B #
Micrancdubes * - 1 - = *
Zeclite - - s = 2
Foraminifers - = % - = =
Nannafosils - 4 - + + +

£y ALIS
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SITE 453 HOLE CORE 25 CORED INTERVAL: 227510 2370m SITE 453 HOLE CORE 27 CORED INTERVAL: 246510 256.0m
FOSSIL 2 - FOSSIL
g o | CHARACTER || i § o | cHamacter | | g
- Q| = GRAFHIC I - O &= GR
g =1 IS =] B | . rHoloGy EoleOw LITHOLOGIC DESCRIPTION 2 5z|e|y =l e APHIC LITHOLOGIC DESCRIPTION
L; wol| = g RN ;gai m; wglE g 5| & | uTHOLOGY
=[O~ g)z)8 ¥ ® o2z =282z HIES
F = |921F|32 P s |= |9|F(2
=
MUDSTONE, SILTY VITRIC TUFF, dark greentih gray (5G 4/1), —
' = AN maderate greenish gray (8GY B/1), nml-lm'l;:a. i z wﬂ‘l’z‘uilg &Tgrﬂrﬂiﬁﬁ greenish gray [BGY 4/1)
10 10 22 em: Moderately bioturbated - GrREnI . semi-lithi
1122wh=:n‘. Mnn\:m:mmuwﬁnm:hwlwnulim. 2 05 ;':b !-‘G:Mli Duww;u, nnniunmne. laminations a1 top, cosrsest in
F3 1480 to 100 em: Thin dark laminations teorm 10 cm, caarssns dow Z
z e ‘-1NHMEI-G|W'- M;-;!Inm with a few laminations. g 1 Ly BGY 471 2480 to B0 em: Bioturbated mudstons
8 2 Cors-Catcher: As sbove 289 to 3-81 em: Mudstone and claystane, partings closely speced,
g1 it 1™ 10 C o T
; £ + Ay
a A SLI RY =
&3 SMEAR SLIDE SUMMAI $ At aLi )
£ . SUMMA
3|5 i : g
3 E i
% i o0 f g E% ég g £
cM| B TEXTURE: £ 1la HELE]
Sand 3 & 1 16 170 1945 28 285 277
N ? i : blof wovan gmmes e oo
TOTAL BETRITAL 80 o 3 o Site 5 20 26 0 40 10
COMPOSITION: iy L) Clay 8 80 70 80 60 90
v 1 ™ TOTALDETRITAL 96 ©95.100 100 100 98
Hemvy minerals 1 COMPOSITION:
Clay 1a BGY 41 eldipar t 5 & 5 6 3
WVoicanic glass ] - " Heavy mineraly + - - + - .
Micrancdules 1 Clay o B0 76 B0 60 B8
Zeolite 2 % Volcanic glass & 10 20 168 38 5
Carbonate unsp. 5 Micronodules. 1. - - o+ 3
Nannctossit 1 g ] 1 Zeolite - - -
3 4 — =« C-vbmlF e uns, + 3 5~ - = %
4 o aminifers - - -
= Nannofossits - + ‘- o+ a
SITE 453 HOLE CORE 26 CORED INTERVAL:  237.0 10 2465 m 3 sean suioe o
F L . SUMMAI
= CH A?if:c'rn .
3 |= Z| w H . § '§
v law O = | GRAPHIC ] x
,!,z :g ; Ezl; ; E LITHOLO GY g.: LITHOLOGIC DESCRIPTION ] é §i g
2
=|0n g Z § HIE (o .’.i ] —— 295 296 2107 35 365
- = =
| Z |- 7 Sand . 3
o Geayinh allve 4 . St 5 8§ 5 15 60
| L green (5GY 3/2) CLAYSTONE, VITRIC MUDSTONE and SILTY VITRIC ] Clay 65 o2 05 85 37
= 10GY 5/2 TUFF, mmkrlﬂ to dark greenish gray [BGY B/1 to BG 4/1), __I TOTAL DETRITAL 06 95 o8 - 96
I ayith green [10GY 5/2), me., hmlhw semiHithified, = POSITION:
gllnmm i drilting. - nidspar 1 1 1 2 5
| 5GY 61 10 to 19 cm: Biowurbated 4 Haavy minersly b - 1
l - 1-18 10 2B em: Laminatod, some burrows Clay ) @2 @0 BR B0 30
1-28 1o 90 em: Mudstone, svosional contect, lsminations a z.ltlcm: gf: g : ; |_;, “‘]
close 1o base, ~ eronodul
| BaR 180 10 122 em: Mudstone sandy layer st Dasa, few - Zeolite 2 2 - - -
I laminations in micdle. = Carbonate wmp, g 1 - "
1122 to 220 em: Massive mudstione -1 Foraminiter - - - - +
] BGY /1 030 em: Bioturbated s -1 Nannotassils. + o+ 4 > '
2-30 1o 50 em: Graen laminated mudstone, few burrows =
| = 250 10 65 cm: Silty; bed fins upwards
248510 75 em: Luminated mudstone, elaystane
] | 564N 275 10 337 em: Mudstone, ity from 2-120 om down
3-37 1o 40 em: Silty 1o very fine eand, crom-tedded
| 340 1065 em: Bioturbated, lamninuted st base
346510 08 cm: Mhsdstana, darker graced layer in basal sand
| . 396 am to Core-Catcher: Bioturbeted
. Core-Catcher: As above
5 £ { BGY &1 SMEAR SLIDE SUMMARY
' §
£ g | ‘i‘ F ik (5GY 21}
it § | B |_ 5GY 41 287 274 275 2907 a8
= TEXTURE:
| | savsn Sand o 10
B Silt B 15 & 7 %0
Clay 92 85 M4 03—
4 TOTAL DETRITAL 8 95 8 07 100
A COMPOSITION:
Frldspar R I I | 5
& Haavy minerals - - * [
A - BGY 41 Clay 90 B0 80 B9 -
Voleanic glass 8 15 5 7 90
A Micronadules + 2 1 2 -
A Carbonate unip. - = = * =
R Hannotossit 2 1 3 1 -
Riadiolarians 5 =
&
AP|B A

€Sy 91IS
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SITE 453 HOLE CORE 28  CORED INTERVAL: 256.0 1o 265.5 m SITE 453 HOLE CORE 29 CORED INTERVAL: 2655 to 275.0 m
L FOSSIL o FOSsIL =]
8 & CHARACTER = & i ‘E = CHARACTER zl E 5
= law O| = | GRAPHIC ] e |aw O & | GRAPHIC |5=(Z55 |
- = I8 = LITHOLOGIC DESCRIPTION " =| w PTI
|z :5 2 8 c| & | urHotoey i..ak L] 'z :g g § E| & | utHoloGy |22 O LITHOLOGIC DESCRIPTION
W3 loal 2|2 | w w| = =30% w3 a9e - @ = =303
= |=MxlZ|e w o=lt3 £ |2V =(Z|a w =]
= = |22 R e = |= [off|= ciEe e
| Z | e Lol L Z |
* i voio CLAYSTONE (VITRIC), MUDSTONE, SANDY and SILTY
CLAYSTONE, VITRIC MUDSTONE, moderats graanish gray (BGY 8/1), H SGY 411 \I"ITIIICJTLIFF dlﬂ; a':u:’tl! oray 15GY 4/1], cllve biack (BY 2/1],
semni dithitied. coarser layers, semblithi
= P 10 10 31 em: Sparse laminations L 10 to 13 em: Bioturbated
= :f;”;: em: ;mmmd Burraw, partngs BY 21 !1: m;l‘lun: kﬁ.:n“nmd' coarss alive black band 30 to 32 em
- o om: ann 1 10 e stone
E E ! :_:‘0:: r“un: LNI'":h'!llD(‘ m:mr. sharp hase 8 f BEY 411 :‘:; ln%«n: 5:1_ o nu. terminated, coarsens dowrmwands
£ partings, f 1o om. ioturbated mudiions
£|E BGY 61 1-106 to 2-50 em: Mutstane, Hlat partings, rare laminations BY 201 1-103 to 105 em: Coarser olive bisck lnyer
é Core-Catchar: As above. 1-106 1o 138 em: Green laminations
=2 1138 10 262 cm: Partings. slightly coarer downwands
B SMEAR SLIDE SUMMARY 252 t0 68 cme Top half cross beoded, lower hall laminated,
& sandy bed
& . EY 41 258 10 3115 em: B oturbated
2 1 -g 311610 120 em: Green lamination
3 = 3120 10 4-100 om: Mudstane, partings, coarser downmwandy, no
= Laminationt
8 e 2 . 5Y 21 4100 to 115 em: Laminated, coarser downwards
= TEXTURE 4116 to 123 em: Coarsar. dark sandy lamingt
1 Sand - = =] BY 41 4-123 to 52 em: Busrowed. brecei
¢ Silt !I“I: 15 0 = B 5-2 to Core-Catcher: Mutistone with partings
= Clay a5 70 b1 = Core-Catcher: A3 asiove
3 TOTAL DETRITAL 00 100 100 k] |
- ?‘WSITION: 5 A p '5 SMEAR SLIDE SUMMARY
widipas
3 ey minerals - - " E
- Cay €0 80 n
- Voleanic ghass ? 15 6 § ; 5
4 Micronodules - + * E H i ‘g 5
Carbonate unsp. - + - RP i o B ;i 3
] MNannafossit ‘ . - F
3 . > 3 T8 114 127 132 142 157
E TEXTURE:
Sand = 2N - & - 16
Sih 5 X 10 ¥ W0 0
ay 85 50 90 60 90 &5
TOTAL DETRITAL 100 90 100 9¢ 100 86
COMPOSITION
Feldipar 5 w 6 18 Y 10
— Hewvy minerals - - oo Sl
Iy % S50 o0 55 &5
Volcanie glas . M 66 MW 3 20
= Micronodules W= 10 5
z Zeolite - - - =
= 4 Carbonate unsp. = = = == e
g Foraminiters S
i - Nannatossils L T
HI T " SMEAR SLIDE SUMMARY
3 £
g 5 B IHE RN
&| lama cc ¥ 151 1]
sihE 2 B ¢
160 256 356 £122 CCA7
TEXTURE:
Sand - 50 — 2 2
Silt E 40 7 0 58
Gy 85 10 93 28 40
TOTAL DETRITAL 95 70 o4 7 85
COMPOSITION
Feidspar 5 30 ) 7 5
Hawvy minorals e *
Clay % 10 90 30 B0
Volcanic glass * o 3 80 30
Micronodules - o 3 1 1
Zeolim E- = = -
Carbonate umip. - 1 - *
Foraminifers - = % = -
MNannotossils - 1. 1

£y HLIS
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SITE 453 HOLE cORE 30 CORED INTERVAL: 275.0 o 2B4.5 m SITE 453 HOLE CORE 32 CORED INTERVAL: 294.0 10 3035 m
FOSSIL o FOSSIL
G |- | CHARACTER | » by r | CHARACTER |
8 |= “ w1, Q. H R
= [E2|uly ol = tﬁ:ﬁg'{:\, &) LITHOLOGIC DESCRIPTION sc|=2 2|3 ol g Lﬁ hapme. LITHOLOGIC DESCRIPTION
wol| = | ow = w0 | ow
$2loR1z\z1g| | (%] F s2es $2Ngz|a| | (5] %
- = |o|g]| = = |= |o|4|=«
> HEALC e e = HEALS
—
z CLAYSTONE, greerish gray (5G 6/1] soction in fragments 10 5 cms, MICRONODULE MUDSTONE snd SANDY VITRIC TUFF,
s warrii - lithii fiedt. rllgl:::sun Mudstone. masive
§ H 0 BG AN 146 to 128 em: Clayston with chissely-spaced partings 145 1o 88 cm: Laminated, laminations darker
UMMAR 1-86 to 2.10 em: Mudstone, slightly coarser dowmvands
= é v . FAEARBLIDES ¥ 1 Dark gregnish 210 t0 16 em: Sty laminations
> |3 §E i aray (5GY &) 2.15 10 24 om: Graded sandy unit (7, 10me cross-bedding
-k 10 224 em to Core-Catcher: Blowrbated mudstons
- 3 E Core-Catchar: At sbove
3
J 4 a9 y
7 TEXTURE: lbva black SMEAR SLIDE SUMMARY
m Saevdl = - B
B Sit 2 & ol savan "
il Clay a8 o5 =L Bran E
— TOTAL DETRITAL 100 a8 e z s g H
- COMPOSITION: 2
2| 7 i o 2 G B 8§
! Volcanie glass v 3 ieay:2n) 224 241 337 cc
i Micronodules - 1 TEXTURE
Zealite * Sant ] 5 L] 5
Carhanate unsg - 1 L il I T
. Nannatosslis = 7 Clay 40 65 B0 B0
TOTALDETRITAL 100 70 B2 83
Duisk COMPOSITION:
. [5G 37 Feldspar 16 5 5 3
Hewry minetaly m . - -
site 453 HOLE cORE 31  CORED INTERVAL: 2845 102840 m Clay 0 s 77 m
I 3 Volcanic glas R - -
x FOS5SIL - Micronodules 4 30 15 17
v - CHARACTER Zeolite ) & a .
9 |2 8| 2| crarmic 5
Ly = w od
.:.z ;g g 3 t| & | urHoLocy 2.5 LITHOLOGIC DESCRIPTION BlB cC .
2 |oNIZ12 |5 H R 2z
= |a < =
o= (22|32 =
CLAYSTONE, MUDSTONE, groenish gray (5G /11, lithifisd to
g:eum 324 cm. Sections 1 and 2. Thore are a few line vertical
rrows.
3-24 o 40 em: Sparse laminatians, becomes coarses in bottom of
1 Secthon 3.
Core-Catcher: As above.
SMEAR SLIDE SUMMARY
z 280 cCC
E TEXTURE:
E g 2 SEN gy 7 s
F+ a . Clay 83 95
| € TOTAL DETRITAL 86 100
£ |2 COMPOSITION:
w |2 Feldpa 2 3
5 Clay B2 87
& ‘Volcanic gless & B
Micronodules - -
Znclite - *
Carbonats unsg. 1 =
Nanpolesily 1 .
3
AM B CCj .




siTe 453 HOLE CORE 33 CORED INTERVAL: 30351 3130m SITE 453 HOLE CORE 34  CORED INTERVAL: 3130103225 m
FOS5IL FOSSIL
5 |- | cHARACTER z S |g | cnaracter z =l
o3 g | or or 2 HE
L - 2| & APRIC LITHOLOGIC DESCRIPTION el o= S 2|8 | ShrEHIC 2. LITHOLOGIC DESCRIPTION
|z wol|= g ol & LITHOLOGY Jlg wol|E g G| & | LUTHOLOGY B
o =
7 [oN(21Z2|8 ul = =7 o822 13 &= o2=3
HHE S HEE =
VITRIC MUDSTONE, SANDY VITRIC TUFF, and CLAYSTONE, MUDSTONE, CLAYSTONE, SILTY VITRIC TUFF, dark
'.-""H..;."'.‘L—‘G":‘?“?'.'.'.E'..’:.:'“ [5GY 4/1), alive gray (5Y 4/1), . ureenish gray (5GY 4111, (ithified, Sedimant s broken up into
slive ; , fragments up to 5 cm lang in Sectiors 2 snd 3
10 to 57 em: Drilling breccia 10w l!u:: Mldﬂu:'.'noorlr larminated
[~ 167 to 70 em: Laminations 11510 24 am: More lamninated downwards, thin eress bedded
1 170 to 222 cm: Masiive muditene 1 = [t} Inyer st
BGY 4N ;ﬁ :%ﬂ em:H\-l'ulﬂc mmmlm B | :;il.le iinr: Sandy layer with (7] mudstone grsir and
om: astive i tane nic detritus.
240 1061 om: Silty laminations, graded bedded e = 1 - 125 1o 150 em: Mucstons with & few lamsnations
2461 to 74 em: Graded sandy layer, much coarsss in bottom 1.5 cm — 20 to 45 em: Geaded and laminated, silty to very fine tand,
andd (7] cross-bededed. | Gy 4N wague cross-beds
2.74 10 145 em: Bloturbated 2 245 10 83 em: Non-faminated
Oty black 2145 to 35 em: Laminated = q | 283 10 3-38 em:_Laminated
b Y 2i1 3.5 to 22 om: Biotu bated = 3-38 to 45 em: Sandy layer
322 1063 em: Faintly lminated 3 q A 345 10 82 cm: Bionrbated
| sGY4n 353 10 80 em: Laminated and cross bedded, coarer 382 10 427 em: Laminated
_ 360 10 63 em: Sandy lnyar ) g A Core-Catchar: A above
z » 363 10 77 em: Mudstono with a few laminations g A
£ 2 5Y AN 377 10 86 om: Laminaterd 2 2 SMEAR SLIDE SUMMARY
o - 3-86 to 4-58 cm: Mudstone with partings, sandy b 3-120 10 = FaS %
=8 iy 122 e, laménations hetwean 4-05 and 10 cm 3 & z £ §
3 M 15G 3!5"“ Core-Catcher: At above § 5 2 A é
E
£ i SMEAR SLIDE SUMMARY A &2 g §
3 B Graylsh groen E L3 -
I 110G 472 & E é 5 £ A i 126 107 Ce1s
3 i MR & A :
5G A/ 13 L Sand 50 = =)
YA g §E 28 SEsEsSE A = Ps“v“?ﬂfk it 20 5 5
. - Clay 30 95 95
*E EYan 187 222 272 33 363 411 ¢ & TOTAL DETRITAL 100 100 100
3 ;.E":runs = 3 : COMFOSITION:
- - - == = F 15 10
5 15 20 W 5 40 W 10 | Dask grayish Clay 30 & a6
Clay 85 BO 20 95 60 B0 90 green {56 4/1)  Voleanie glass 56 2 +
TOTAL DETRITAL 100 100 100 100 100 89 09 | Micronodules - - .
COMPOSITION: 11 Zoolite - + +
BGY &/1 Feldspar 3 & 10 2 & 10 1
o Hemry mingrals T a 11
Clay 82 75 0 95 55 B0 B < ¥
4 Valeanie glass 16 20 70 3 40 W0 10 cM| B e i -
Microngdubes * . + - - + 1
Zeolite ] = e = - 1
FM| B . Carbonane unsp - = = = = =
Mannotossils = = = i | =" ¥

gel
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site 453 HoOLE CORE 35 CORED INTERVAL: 322510 3320 m SITE 463 HOLE CORE 36 CORED INTERVAL: 332010 3415m
FOSSIL FOSSIL "
I = CHARACTER | » k| CHARACTER | =4,
2= z 2= 8| £ or ilz=s
Tz [Ez 2|8 2l B | ooy LITHOLOGIC DESCRIPTION &= Eg 2|3 2| B | hnorooy SaE38.) LITHOLOGIC DESCRIPTION
w vl w o w = =
w5 |58|%|2 @l = £ |on|2|Zin w| = =o=39%
£ |= z w = Zla w i |DalT
=z |z [8]= R [
- wl|Z - 2lZ e i S un
B &
Dusky biue MUDSTONE, MUDDY VITRIC, SILTY VITRIC and SANDY Modarate fighs  CLAYSTONE, VITRIC and CRYSTAL MUDSTONE, dark
o grean (SBG 3/2) U;‘G{HIE TUFF.'\:vk greenish gray [5G 4/11, greenish black r.ﬁ.mm vy WTAO h;‘:’“ I:EQG A1), lithified,
N IBGY 2/1], lithifisd bl o 13 em: Bionirhated
\ 5GY 211 1010 30 em: Laminated mudstone, fractured by drilling e :-:::w ;: cm: :«u Layer with mudstons clasts 1o 2 mm
in places 16 to 74 em: Bioturbated
1 1.30 to 36 em: Silty 174 to 80 em: Laminated
1-36 10 37 em: Cross-badded silty layer Greenkh gry 1-80 to B3 em: Silt layar overlying 1 om sadimant Layer
1-37 to 100 em: Nan-daminated mudstone, flat partings 156G 6/1) 1-83 1o 3-26 em: Bioturbated mudstone
240 10 36 em: Lanhmd:ldhv coarser devmwards. m wgm: émmw. Ill:.‘umlion; increasing dawnwards
5G4 rovis-hee 7 10 50 em: Cross-bedded 3l
Sanaly, cros-bedded 2-3 om layens 350 to B4 cm: Sandy layer with comobute {7) bodding
: Sandy leyer 354 0 120 em: Claystone with partings
270 to 116 em: Bicturbated 3120 to 150 om: Laminations and grain-size incraass
§1gu:gw In..;nlnllld darker in calos wnm‘;m
130 to e turbated to 13 om: Laminated, laminate inclined
e :‘Qw :nma: BiLu:ml-‘.u: i :_g wzu: gr siit in 2.3 em units
1020 cm: Laminas v 1o 44 em: Graded badded sand
3:20 10 3 em: Bioturbated 5G4 4-44 10 104 em: Bioturbated
2 334 10 103 em: Laminated, laminstiont closer and coarsar £104 to 124 em: Mudstone
z “duwnn:lﬁl Iz;imll!hm::! &124 to 134 em:  Lamination
= o 8 om: Closely-sp, Tuminatiom 4-134 to 5-40 em: Mudstons
48 to 14 em: Cross-bedded, wndy 540 o 70 em: Only lominated silt, cosrsens dowmwards
414 10 32 e Bloturbated . 57040 80 em: Lamninoted silt, coarsans downwards
432 10 42 em: No laminations, flat partings 580 10 110 em: Claysrons or misdstone, few liminations
2 mh ;’ em: Laminations h:;nhg dovwnwards 5110 to 160 em: Silry muditane, grading down into
; 071 em: Cross-becded siltstane; few laminations
£ |E AR 4:80 10 88 em: Laminated + Very fing sand: corvalute (7] bedding
2|3 490 to 86 em: Bioturbated B
F} 495 10 106 em: Leminated SMEAR SLIDE SUMMARY
I g 4105 to 128 em: Bioturbated S L2
L - SMEAR SLIDE SUMMARY e §.E g it g !; E
= [} =
: 33 g3 3 g HELEE R
B £: £ $ g 115 1685 181 381 384
= aE = = b é ;’E:‘I’URE' . .
- ar -
. 260 2895 2128 412 3 el st BB osmos
o TEXTURE i ay
1 sa6Y 21 ant 50 50 5 30 5 o) TOTALDETRITAL 23 5 100 100 100
=¥ Lemination Silt % gg :g gg mM:OSI‘HGN:
] . ™ ar _ R
4 7 Toam 100 100 85 o :::?’.;im.u ; b Jo % 8
I > > . = Clay 16§ B0 75 95
13 30 5 30 Volcanic glass 5+ + o+ .
1 2 4 - 2 Micronodubes 7 - —: = =
= 20 20 &0 20 Zealite m - - = =
m 65 50 16 50 Cartonate unsp. 3 B - - -
] * 15 Foraminifers . - - -
] : v Modium cark Nannatossity — ¥ ¥ =
3 = - + - gray N4} Radiolaria ¢ - - = -
-4 Sponga spicules * - - - -
SMEAR SLIDE SUMMARY
g 3 3
. 31442 3145 410 441 510
TEXTURE:
Ll Sand - 5 2 3-
S 5 30 | 15 3
Clay 85 65 B0 83 97
TOTAL DETRITAL 100 100 B0 87 100
COMPOS :
8 18 3 1 10
- - 1 1=
B0 60 76 80 0O
Voleanic 2 % w s 1
Micronodules - - 5 .
Zeolite - - 5 10 -
Carbonate unsp - - 1 - -
Foraminifers - - - -
Nannofossily - - -

£5¥ ALIS
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SITE 453 HOLE CORE 37  CORED INTERVAL: 341510 351.0m SITE 453 HOLE CORE_38  CORED INTERVAL:  361.0 10 360.5 m
FOSSIL FOSSIL
Z |- | cHARACTER e x CHARACTER e
8, [< zl 2| o glady 5. |2 z| » gy
- o =i - O & o
"= :% ¢l8 el 8 muﬁg"_f‘r ::..;g. LITHOLOGIC DESCRIPTION o=z 2|3 2| & L:":‘:’t:':* 21258, LITHOLOGIC DESCRIPTION
“ i} = wg ol @ =
wa z =0 =t ] z =508
= |9NE1Z|8 ol * e 7 (982|258 wl = Gozs
= |z |8|l€|< ] =t = |a |o|l2|= Sy 1
- w|Z e 0w i - wlZ e
Greerish black
| il CLAYSTONE, MUDSTONE, ZEOLITIC MUDSTONE, ] e | (BGVZM MUDSTONE sl SILTSTONE, grasn blick and
medium gray to greenih gray (5661, lithified. = C " mediurn dark gray (N4, lithife
| 1.0 to 22 em: Bioturbate | = or N mnol 1010 20 em: Mudlatone, massive
1-22 1o 244 em: Musbstone, indistingt laminations, bew flat i gray | 4 1:20 to 24 cm: Cross-bededed siltstone
| partings RP 5GY /1 1:24 to 47 cm: Mudstone
Medium 2-44 to T6 cm: Silty muditons 1o Wititooe, laminated n g g 1 1-47 1o 50 em: Laminated tiitstons arotions b
| i ijela half, erass-bedding! 7] batow £ 150 to 142 cm: Mudstone with flat pertings
ha) 2.75 1o 78 em: Sandy layer with ercsional bise 3 BGY 21 1-142 to 149 em: Silty mudstone
| 278 1091 cm: Muditons - 1-149 to Core-Catcher: Mudstone with partings
2.81 1o 146 em: Muthitone becoming more silty downmwards o
| 2145 to 450 em: Claystone, masiive, few laminations, no burrows 5 Skt S
45010 93 em: Laminated, silty mudstone - B
| 493 1o 150 cm: Massive siltatons =
P 50 to 30 em: Very fine sand grading to medium a1 base K e
| 538 10 43 em: Bioturbated |3
Medium 543 10 BO em: Muditone, well laminated z
1 gt oy Core-Catchor: Laminated silty mudstons ] hp
e INGI o
| Light gray (N7)  SMEAR SLIDE SUMMARY % 2 N4
| i i 5
4 8k 2 H
s | H i .
.
£ g | st e 277 282 2448 480 55 636 Al loml s e
g3 | i Sand 8- - - 3 3
= 3 Siht 2% W0 5 w 3@ e
5| | Clay 70 %0 95 90 60 B0
¥ E TOTAL DETRITAL 100 100 100 wo & ey
w 5 | COMPOSITION:
& eidspar B B 3 5 - 1
Haavy minerals - - = - t .
| Chay 65 B7 8  B7 43 60
Volcanac glaes w B 2 8 1w &
| Micronodues ¥ = = - 0 4
' Zealite - o+ = - 3o 30
| Carbonate unsp. - = = - - *
MNannotossils - o+ * - - -
P | Radialaria - = = - = 4
| . Graenish
iy
L e
Mndvuho
|
=t L . Egsm
41
Al -
A
ray
lewl 8 4
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site 453 HOLE CORE 33 CORED INTERVAL: 360510 370.0m SITE 453 HOLE CORE 40 CORED INTERVAL:  370.0 10 3795 m
FOSSIL A FOSSIL e
= |- [LCHARACTER o S |- [ cHaRAcTER o
<15 9 3l 2| crarmic |o2foms o3 3| 2| crarmic [25xs
el = o | =
1z :5 ; § 5 E LITHOLO GY E ‘;ﬁ LITHOLOGIC DESCRIPTION |z ;5 E ;6 5 E LITHOLOGY ";‘-;‘ LITHOLOGIC DESCRIPTION
- - w i
20N 21218 i FEEE 7 (082218 HE olaaRE
= |=a |ojgla et = |= [olz]|= Shanle
- elZ e 15 [ s S| - wlZ e v =)
i CLAYSTOME, VITRIC MUDSTONE, SILTSTONE
:5’31’;'&‘"5‘5".? N ANDSTONE, yentsh oo (GBI 1] by E and MUDSTONE and SILTSTONE, groerih geay (BGY 6/1), lithifind
1010 20 an: Massive mudstone 10 10 2150 em: Mudstone o claystone with spare laminaticns,
Qe gray 120 1038 oo L senieated siftatiie Lo e o wertics! burrows can b traced over 18 o in places
Lol 1:35 10 81 cm: Gradad 1110 fine sand with some crods-bedding FHn ytrierulid oot he e gl acmie L benr;
141 to 70 e Burrewvied mudstong P 3010 146 cm: Lamingtion becomes proaminant at sbout 100 cm
Dk armarish 1.70 10 105 em: Lominated mudstone snd ¢laystone and much mase fragment from 130 £m 1o the base of 1he core,
gy [5G 411 1105 to 106 cm: Very fine sand :"o"'l‘n'g‘?“_“_ Sty i
:ul?leuu‘,nza::i‘m olurbated mudstone, viry fing sand tend Core-Catcher: 43 ibove
2:23 10 353 cm: Luminasted claystone, few vertical burrows
353 10 82 em: M more clossdy-anaced laminations than SMEAR SLIOR SUMMARY
above, becoms ailty (3iltstono] with a few vertical burrows at H
1o o
382 10 102 emi Larminated very fine sand, croms-bedded st §§
the bisse z st
3102 to 112 cm: Fine tand, laminared, erosional base = s
3112 1o 4.83 em: Mudstana, badding wary, greatly inclined, 2 BOY il 1 ; e
busrrows sk wavy 2 TENTURE:
56 6/1 493 1o 88 o 5il1st0me coursens downwards to @ wmall patch S 2
of sand at th buse - E:Il‘u:r g:
4-98 1o 574 om: Laminuted muditons ]
Cetibar N bove TOTAL DETRITAL 100
care o E COMPOSITION:
= SMEAR SLIDE SUMMARY £ Fuldipar o
z & Clay 75
H .E g Volcanic glass 16
g g Micromdals .
= £ wl. Nannofouils +
a2 FP é E =
§ o 146 190 100 2. 3
. 25 310
wi E 5Y 401 TEXTURE
£ Sand 2 - - - -
H Silt 5 2 -3 5 [}
= Clay 83 oB a5 0% ™
TOTAL DETRITAL 100 ar 100 3 a5
COMPOSITION: -
[ Chsartz - -
56y 51 Faldspar 8 510 1 1
Heavy minerals - - - - ' Madderane
Clay 80 S0 8 80 60 4 gresnish
Wolcan ghind 2 2 * 2 5 ey (5GY S0
Micronudule - - 2
ZC:;:: 3 ] 5 2 -
i o - - - 4 P
Nannotesis 4 - . H 1 AP B CC
SMEAR SLIDE SUMMARY
5GY 81
?g : fg ;
o H
BGY /1 301 308 310 320
TEXTURE:
Sand - - 2 -
Silt 25 5 40 2
AM| B lay 5 o5 58 98
TOTAL DETRITAL 100 9% 85 00
COMPOSITION:
Chisartz 1 - -
Foldspar 0 1 10 3
Heivy minsral - - - -
Clay ™ 82 55 95
Volcane gl pal 2 0 2
Micronodule - - 5 -
Zeolit - 3 - -
Carbanate urig. = 1 -
Mannofossit - 2 -
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SITE 453 HOLE CORE__ 41 CORED INTERVAL:  379.5tc 389.0m SITE 453 HOLE CORE 42 CORED INTERVAL:  389.0 to 398.5 m
FOSSIL x FOSSIL -
= w, | CHARACTER | ol=al - r [ CHARACTER | | $3do
o = R 2[z=lo 2x G| = | GRAPHI T=lo
e lew G| = | GRAPHIC s |THOLOGIC DESCRIPTION et lew] le g & € logfz3(2 LITHOLOGIC DESCRIPTION
1z (221218 5| & | utHoloeY 2 L 1z 022 ] 5| & | uTHoLoGY 2R Oy
w:‘oo‘z o= ﬂ;l “alomla w| E ,.-g
=7 [ON12|Z |8 I axlzE = 2VE(z § " e
o= |2 ! = =l = = |2|F|2 G wind Sl
ZEOLITIC and VITRIC MUDSTONE, SANDSTONE,
Dk graenah ", ive block, ithified —1 CLAYSTONE, VITRIC and ZEOLITIC MUDSTONE, SILTSTONE
greenish 11010 : Bioturbated mudstone and SANDSTONE, dark gray (N3), greeniish gray and dark greonish
ngw 1-55 to rz 2 Laminated, green laminge in upper part; paler 0.5 =3 oray 1SGY &1, lithitied
Detow =] SGY 411 10 to 108 cm: Mudstone, fow leminationt
) 1-72 to 92 em: Mudstone less laminated 1 = 1108 to 129 em: Very fine sanclitone, some cros beds
Medium dark 1-92 to 84 em: Very fine sand, croms bedied | 1-129 to 2-26 em: Sand grading from very fine o mediem, some
wray (NI 1-84 10 180 cm: Lominated mudstone 1.0- laminations in upper part
2.0 to 107 cm: Sparss leminations 226 to B1 cm: Muditons with flat partings, poorty laminated
2107 t0 122 em: Closely-sgeced pertings = 247 1o M0 om: Graded bed, very fine and at the bae, 4t a1 top
212210 3-15cm: Clodely lamenated 2.79 to 106 am:  Lamninated dilty mud with silty bands
315 10 36 em: Sitty, nonlaminatd _ Madium to 2105 to 128 om: Craded bed, very fine sand ot the base, 3L
3-38 o B3 em: Very fine sand increasing in grain-aize downwards, dark gr &t the top
Moderate Iaminatad some cross-beds 1 om thick L N I“ 2128 to 133 em: Bioturbated eliyitons
gn-nmh 363 to 113 em: Burrowsd mudsmons RP Cal d above
3113 to 4-70 cm: Muditane, few laminations to 4-10 em, more
Iﬁﬁ 81} below; few thin vertical burmows SMEAR SLIDE SUMMARY
2 ” 2
!‘E §§ g% fE Pl
4136 wﬁ-lmn Mudstene with M Isminations, » few Graynh 8 £ E g o
- i [H & =
wortecul wnumA‘n.:::l part of Section r"m o 135 1100 1.148 223 2129 CC23
BlB lcc : - TEXTURE
SMEAR SLIDE SUMMARY Sanc - - 7 0 - -
Dark greenish Siiy 0 30 25 % & 10
way (8GY 4711 ; Clay B0 70 73 55 85 0
£ TOTAL DETRITAL 8BS 95 85 B3 100 100
B o i Ei COMPOSITION
y > Feldipar 15 10 7 8 & 10
3 green |66 4/1) Hiavy minaraly - 4 5 5 v =
r 0 185 350 354 Clay 70 80 70 60 95 i)
TEXTURE: Wolcanic glass LU 3 10 - -
Sand 05 1 - - Micronodules = - 5 2 - -
Sily 3 e ;: ;s Zealim s 8 o 15+ +
&0 65 Narwafosil - = - - - -
BGY 4/1 ?o.“'r.al. DETRITAL B0 80 - 100 9,'::';,,.“" * - I ¥ S
COMPOSITION: Radiolstia S ' - =
Faldupar 2 2 1w w
Heavy mineraly + 1 = .
el s & 95 68 SITE 453 HOLE CORE 43 CORED INTERVAL: 3985 10408.0m
| Voleane e & im0 2 i FOSSIL N
& Ol 2t oo o o - pi] by = CHARACTER Sl "
L biack aques B - O, “ =
[ | I 3 S| £ | GRAPHIC loai7x | LITHOLOGIC DESCRIPTION
.!.§ 55|2(S G| & | LTHOLOGY ZxieT 2
IMEZE | (5 T eezd
SN HEE EEES
-|la
SGY 411
A MUDSTONE, SILTSTONE and VERY FINE SANDSTONE,
5 dark greenish gy (SGY 4/1), lithitied
1 10 10 315 cm: Drilling breceis
A 316 10 28 om: Sl sndl very fine tand, cross-bedded and lamirated
= 326 w0 I em: smwmuﬂ muditone
< A Cars-Catcher, t Mutitonn with good parting
B8 g a
E % s
a £ A
HE ?
LAk a
= o
sy
A
3 | L savan
| - BGY 4N
|cC -9
cMm|B A BGY 4/1
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SITE 453 HOLE CORE 44 CORED INTERVAL: A08.0 to 4175 m SITE 453 HOLE CORE 45 CORED INTERVAL: 417510 427.0m
FOSSIL T - FOSSIL
5 5 | CHARACTER | sl 5 > CHARACTER | 5
o, n z| = o w o
w s (e Q| & | GRAPHIC lozizSia LITHOLOGIC DESCRIPTION wC | 91 &| GRAPHIC 2
- o - = d LITHOLOGIC DESCRIPTION
1z 15212 § 5| & | utHolo oY & ‘E‘E 1z |n22 § 5| & | utHoloGY g"f'
£ |92z (38 A cazE £7 (9N 2|2 s T3
G EEAE iR = gz ES
| ZEOLITIC and VITRIC MUDSTONE and CLAYSTONE, dark MUDSTONE, SILTSTOMNE and SANDSTONE, dark groenishy
| eeenith gray (6G 4/1), lithified. iy I6GY 4/1] lithified.
. 1.0 10 2:80 cm: Mudstone dip ot top abour 5, suggestion of 1:0 to 285 em: Laminated nity mudstons, [sminations
| cros-bedding 1-48 10 50 cm. 190 10 84 em pyrite nodules sbout thicken downwards to 1:2 mm
2 e in diameter on buriow, but cut scross layesing in mudstone 2485 to 360 om: Cross-bedded increaing in gain-size lrom
| 2.20 to B0 cm clossly-ipsced parting, it 1o fine sandd at the bae
. 2-80 to 102 em: Silty but broken up by drilling 3-60 to 87 em: Bipturbated mudstone
| d 2:102 10 114 em: Binturhated mudstons ;‘g w?:aem'. Lgmnﬂod slity mudstane. corssens downwarnds
Core- + Claystone, conchoidsl lrecture o em: Crots bedded andy liyer
| 3102 to 116 em: Rioturbated mudstone
G AN « 311810 148 em: Laminated silty mudsione, coarens
SMEAR SLIDE SUMMARY downwards
& 3-149 1o 44 em: Crosvbedded very fine rand
[ E 44 1o B em: Bioturbated muditons
I " s 4-9 to 49 em: Mudstone with increasing it bands dowswards
i 2 5GY &N 449 1o 59 em: Mudstons with crosi-bedded siits, basal silt
g lyer
i = & 3 459 ta Core-Catcher: Mudstone with silt bands flassr bedding
3t 73 10 77 em. Hame structure 87 om, abundani laminate in
. N een) e o
o Dusky 142 185 183 2105 Co
B A i - :wz&f TEXTURE: Core-Catcher: A1 above
Sand 2 - - 2
B|B A Silt 16 6 10
5G 4 Clay 8 w5 - 88
TOTAL DETRITAL 100 0 -
COMPOSITION:
Feldspar 5 - - 0 AP
Heavy mineraly + - - -
Sotane R - % Qaky e
Ve Fan 186 1 - | n
Micranodules - 5 - - B Lﬁg )
e + - 2 Enmm
Carbonate unsg - + - - way [5G 4/1)
Pyrite - 100 - - :)5"3*3‘}2‘:“"

Dark greaninh
aray [5G 4/1
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siTe 452 HOLE CORE %6 CORED INTERVAL:  427.0104365m SITE 453 HOLE CORE 48 CORED INTERVAL:  446.0104555m
FOSSIL = FOSSIL
S k[ CHARACTER || sl=a, S = CHARACTER |
o -4 So=la O
s |=el 1y Q)& | SRAPHIC ‘?_“é_, LITHOLOGIC DESCRIPTION s |=ul . g LITHOLOGIC DESCRIPTION
‘Lg wol = g 5 ; LITHOLOGY | 0z ‘Lg Ak g 5
o - = < [}
R - SlomEs A T "
= e 2 Z e By Sl 5 L] wlZ e
* = VERY FINE SANDSTONE
MUDSTONE, SILTSTONE and SANOSTONE, drk roansh oy § z| | ; o 1010 54 cm: Laminated and crom bedded
10 to 106 em: Mudstons and siittane. Siltstone with cross-beds and g E wer:g a ConeLa A by
taminations : 110G 4/21
SGY 471 1-108 to 150 em and Cora-Catcher: Crons bedded siltstone g ading 1o £ 8 APl B cc SMEAR SLIDE SUMMARY s
' wory fine sandstons 3 = 3
3
SMEAR SLIDE SUMMARY E § iE
£ 137
B = g E g TEXTURE:
0 5 s 50
BB 1 1126 il
RE: lay <0
STE:‘U - 1 L TOTAL DETRITAL P
Sikt 3 2 COMPOSITION:
Clay a7 a7 Faldspa e
TOTAL DETRITAL ] 4 Clay a0
COMPOSITION: Valcariic glass 0
Feidspar ' H
Clay 09 a1
Valcanic glas B 1
Micronodules - +
Zeolin - 5
Cadbonatn wing, - .
SITE 453 HOLE CORE 47 CORED INTERVAL: 436.5 10 446.0 m
FOSSIL a
» = CHARACTER z A
o, = z| Tl
o W = | & GRAFHIC [s=|2%0 I
= :s g 3 = = | Litnotoay -mh LITHOLOGIC DESCRIPTION
2 |oNl2IZ |3 k| E
= = 2|23
SILTSTONE, MUDSTONE, SANDSTONE, grayish green | 10G 4721,
dusky green (BG 3/2), lithified.
106G &/2 1:10 10 22 em: Muditons with silt bands, thin bioturbated tayers
1-22 to 50 cm: Bicturbated mudstone:
150 to 65 cm: Laminsted ditstone
1 arone with small-teale crods bedding, units 05 1o
’ 1-76 to 130 em:  Bioturbated muditons
562 1130 10 2-24 em: Cross bedded in small units, coarsens fram atilsione
E ta finw tanct
= 224 to 36 cm: Fine to mediem sanditons, cosrsens downwards
2:36 10 49 ez Bloturbated mudstene
106G 4/2 248 to 130 em: Mudstong, laminatesd with ulty bands, coarsem
downwards
2130 10 313 em: Sil, leminated
BG a2 311 to 3-40: Silt grading into very fine tand, complex cross-bedded
5 B units 1 em thick
> 5 3-40 to 69 cm and Core-Catcher: Very fine sand and fine sand,
] laminated
w 10G 4/2 Core-Catcher: As sbove
g SMEAR SLIDE SUMMARY
3 125 138 218 2947
TEXTURE:
Sand - 1 5
- Sift 0 2 5 7
Clay 9 88 [T
co TOTAL DETRITAL We W00 100 100
RPlB POSITION:
; 2 [ 12
@ 98 84 88
iz - = .
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60-453-49 5148.5-5158.0 m (455.5-465.0 m, BSF)

Coarse gabbro-metabasalt polymict breccia

All pleces are either brecclas, or angular fragments of rocky broken
out of breccias, but stll with thin crusts ol brecela on them. Letters o
right of metamorphism/alteration column indicate rock types of larger
clasts as follows: G = gabbro; LG = leucocratic gabbro; MG = matic
gabbro; PG « itic gabbro; M = E = epidasite. Many
gabibros are mata-gabbros.

Cementing matenial consists of quartz, carbonate, and clays at the
top of Section 48-1. Duartz is absent in lower breceiss, and abundance
of carbonate decreases downward in breccia matrix. Matrix comists
malnly of sand- and pebble-sized pleces of gabbros and metabasalts.
Plagioclases in breccia matrix and along rims of larger clasts are bleached

o whiter color. Olivines and pyroxenes in gabbros are altered 1o reddish

won oxides(7) and clay minerals. XAD data ndicates chionte is princi-
pal cementing mineral in breccia matrix except for locsl carbonate and
guartz. Blesched plagioclases are now mainly K-feldspar. Matrix
stained pink 1o red by iron oxhydroxides.

Thin Saction Data

Gabbros: 48-1, B0-61 em No. 8 Mets-gabbro. Large plag fractured and
wained with tremolite-actinolite, some in 1 cm radisting clusters,
Minar plag grandlation at boundaries,

48-1, 100-101 cm No. 15 Mafic gabbro. Oliv = 26%, cpx = 305, plag
Angg = 40%, magnetite = 1%, Chiorite snd serpentine replace olivine
and opx. Sericite, pumpallyite, chlorite after plag Texture hypidio:
maorphic granular,

49-1, 104-107 em No. 17 Pagmatitic gabbro. Originally anorthositic
gabbro, Now g ic aggregate of prehnite, ite, chio-
rite, epidote and clay minerals, with minor refict plag.

48.7, 33-35 cm No. 6 Altered recrystallized gabbro. Tectonized
fabric. Plag partly granulated, lepidoblastic texture. Plag partly
sltered to sericite, Pyroxene (opx?} altered to hematite, chiorite
along exsol. lamallse, Fe-Tioxides assccisted with biotite, chlorite,
Minor epidots, clays also present

48-3, 52-68 cm No. 8 Homblende gabbro. Plag (Angy ool = 70%,
Hbld [gresn] = 27%, Fe-Ti oxide = 3%. Ophitic texture. Sericite
replaces sbout 26% of plag.

Metabasaits: 48-1, 11-13 em No. 1B Plagiocksse-phyric metabasaly
Relict plag phenos 0.5-2 mm = 30% of rock, partially altered to seri.
cite and clays, Minor relict cpx. Groundmass now carbonate,
chlorite, clays.

49-2, 68-68 cm No. 8. Plag = 60%, 0.3-2 mm; Cpx = 48%, 0.3-1.2
mm; Fe-Ti axides = 2%, Vesicles 1-2% lined with chlorite, clay, pre-
hinits. i has slbite, 1 after plag, biotite and
hornblende after epx.

Breccia Coments: 48-1, 8-10 cm No. 1B. Rock fragments = 15%. matrix

matrix = B5% Fragments ame metnbasaln. Matria has carbonate =
T0%, clay minerals (vermiculite), Fe-hydroxides, chlorite, prehnite,
epidote together = 30%. Texture: granohlastic.

48-2, 84-66 cm No. 9. Rock and mineral fragments: - altered smphi-
bole-biotite gabbro, metabasalis, plagioclase, K-feldspar [atter plagl,
biotite, Fe-Ti oxides. Matrix: carbonate, chiorite, pumpellyite, prah
nite, vermiculite, hematite (7), epidote, Fe-hydroxides. Proportions
are varigble. Textura: blastoclastic.

Epidosite: 49-1, 120-123 em No. 18. Granular, subangular grains co-
mented by ehiotite, clay, Fa-hydronides, Aock hes 1% chiorized
rocks and totally altered pleg (7) grains same size 83 epldote grains.
Rock s sbout 70% epidote grains.

Rock

JNRM MDF  Ine. 5 D Type
481, 77-80cm — — - 552 283 MB
491, 98100 cm — - - 673 287 G
481, 110.113em %108 48 Noi ‘om — M
48-1, 113114 em = — -t 5 281 M
481, 118128em  — — — 23 — E
482, 4142em - -~ 441 246 Brec
49-2, 105-107 em = o - 407 251 Brec
6045350 5158,05167.5 m (465.0-474.5 m, BSF)

Coarse gabbro-metabasalt polymict breccia
Description and rock types very similar to Core 49, Fock type identi

fication letters to right of metamarphism/alteration column as in Core

48, Cement mainly carbonate and clays, with minor quartz. Sand and

pebbie-sired rock and mineral grains make up most of breccia matrix,

Plag in matrix bleached white, to K-feldspar, Piece 5, Section 1, is

alvered b ia after h 0 ?. Minor sedi y tocks

Imudstones?] in matrix

Thin Section Data

Metabasalt: 50-1, 52.56 cm No. BC. Very badly altered, previously
wesicular with trachytic texture, Texture granoblastic, anygda-
loidal. Amygdules = 5%, consisting ol chlorite, prehnite, gz, and

G = 05%, g of prahnitel?),
ite, 2oisite, chlorite, quarte, clay minerals,

Gabbro: 50-2, 38-82 om No. 6. Pegmanitic oiving gabbro. Cpx = B0%,
oliving = 15%, plagioclase = 25%, Texture: poikilitic. Olivine
totally altered to serpentine, chlorite, Fe-Ti axide. Two generations
of cracks, the first filled with actinolite, the second with serpentine
chlorits.

Rock
dypm MDF e 5 D Type

50-1, 3942em 23x108 125 -84 — - Brec

501, 4244 em = — 506 282 Brec
50-1, 107108 em  — — — 570 286 G
502, 4043cm  2.18x10F 361 4244 — — MG
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60-453-51 5177.5-5187.0 m (474.5-484.0 m, BSF)

Gabbro-metabasalt polymict breccia

The core contists of fragments of pelymict breccia containing mainly
pebble-sized angulin clasts of igneows and metamorphic rocks, largely
feldspathic gabbre. Larger clasts include G = gabbro, MG = mafic gab
bro, PG = pegmatitic gabbra, LG = leucocratic gabbro, and M = mata-
basalt & indicated to the right of the metsmorphism/alteration column,
Cementing minarals in the braccia marrix ara carbonata chiorite, and
reddish iron oxbydroxides, Matic minerals in gabbro clasts have been
tered in two or maore stages. Olivines have besn replsced by brick.red
iron oxhydroxides, but relict ine “‘sagenetic’ - web structures can
still be seen. Thin bleached rims around larger clasts are K-feldspar
replacing plagioelase, |n the marrix, larger chips of plagioclase are
whally replaced by K-feldspar. Pieco 4 in Section 51-3 is a continuowly
cored fairly large piece of pegmatic gabbro with some wholly feldapathic
portions, and some very mafic portions,

Thin Section Data
Gabbro (notite): 51.1, 30-33 cm No. BA. Plagioclass = BO0%, opx =

3-5%, cpx = 13%. magnetite = 1-2%, minor brown mica. Texture:

hypidiomarphic-granular. Brawn mica is probably stilpnomelane

after cpx. It is sssociated with chlorite which, with minore serpen
tine, also replaces opx

Metabasalt(?}: 51-2, 123127 em No. 18, Texture: granoblastic and
lephdoblastic. Minorals: quartz, epidote, chlorite, minor sphene,
opagues {ilmanite?), clinozosite(?), May originally have been
sedimentary.

Rock
dypm MOF e, 5 o Type
611, 57cm - — = @82 288 ©
511, Bilem 185x03 B3 -3 - — G
512, 1113 em — = 470 250 Bre
51:3, 18-25 om -- -- ~ 477 (248 Brec
51.3,5052em 241103 281 +23a; —  pg
514, 7-10em  7.50x103 548 82 — PG
60-453-62 BE187.0-5196.5 m (484.0-493.5 m, BSF)

Gabbro-matabasalt polymict breccia

Description similar to that for 463.61. Clast identification symbals
ito right of metamorphism/alteration column) are the same. Seversl
large gabbro cobhlas were recovared, plus some large metabasalt frag:
ments. Cement and alteration characteristics ss in 453.51, axcapt K-
feldspar replacement of plagloclase in the lower part of Section 52-1 s
More PRIvasive.

Thin Sectlon Data

Metabasalt: 52-1, 89-102 cm No. 12, Plagioclase-phyric metabasalt.
Plagioclase phenocrysts 0.7-4.0 mm, Angg, narmally zoned, moder-
ately altered to clays, = 16% of the rock. Groundmass (85% of rock)
has altered plag [20%), cpx (65%), and magnetite (15%). Troces of
vesicles are filled with chiorite. Groundmass alteration is pervasiva,
to chlorite, prehnite, sericite, actinolite, and epidota.

Gabbro: 52-2, 94-87 em No. B, Hi die. Minarals arn |abead
(50%] and hornblende {50%), Texture: hypidiomarphic-granular.
Hhbid replaces pyraxens; seme pyroxene graing replaced by chlorite
actinolite saregates. Plag is largely replaced by sericite.

Rack
Jnrm MDF  Ine. 5 D Type

521, 120126 em - —_ - 436 12.67) Brec
522, 1318em 442107 270 +239% — — @
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60-453-53 5196.5-5206.0 m (493.5-503.0 m, BSF)

Coarsa gabbro-matabasalt polymict breccia

The core consists of fragments of polymict breccla ranging In size
fram coarse gabbro cobbles tens of centimeters long 1o pebble-sized
angular to subrounded clasts of lgneous and metamorphic rocks, mainly
gabbros and metabasaits, Larger clasts include G = gabbre, LG = leuco-
cratic gabbro, PG = pegmatitic gabbro, and M = metabasalt as indicated
1o the right af tha kmi eotumn, G ']
minerais are carbonate, chlorite, and reddish iron oxhydroxides. The red
color is especially pronounced in the matrix material camenting mata-
bazalt pieces in the middle of Section 53-3. Ferromagnesian minerals

b | {olivine, opx) in gabbwos have been replaced by clays and reddish iron
oxhydroxides. Feldspars in the matrix and along edges of larger

‘I gabbro pieces have a bleached appearance (replaced by K-feldspar), A

similar type of replacament can be seen in the outer few centimaters of

the larger metabasalt pisces. Piece 3 of Section 53-3 is a foliated

LG ronalite,

Thin Section Data
- Gabbro: 53-3, 0-5 em No, 1, Pegmatitic olivine gabbro. Texturs
granular, poikilitic. Composition: plagioclase = 75%; olivine = 10%:
‘ cox = 10%; opx = 10%. Alteration: olwine to opagques and raddish
iron oxides; pyroxenes ta chlorite and green hormblende, plagioclse
ta sericite and clay minerals,
Tonalite: B3-3, 83-67 cm No. 3. Texture: lepidogranoblastic (foliated].
4 7 c e et e s = [ Jase-albite) = BO%
2525 =, d

= quartz = 40%; hornblende = 7-10%:; magnetite = 1-2%, Subordinate
biotite. apatite, zircon, and K-feldspar
- Braccia (bassitic): 53-3, 70-81 cm No. 4D. Texture: clastic, cemanted

c ion: g and mineral clasts = 65%,
cement = 35%. Clasts originally had plag = 70%, cpx = 27%, magne-
tite = 3%, now almost totally replaced by chiorite, epidote, biotire,
magnetite alter cpx, and chiorite, pumpellyite, elays after plag
Cement has lepidogranoblastic texture, and s mainly carbonate and
red clays, with grains of chlorite, epidom, prehnite, pumpaliyite.
A Metabesalt: 53-3, 8183 cm No. 4D, Altered disbase. Texture: inter.

sertal. C ithon: - 50%, itial e +

i chiorite + Fe-Ti oxide + minor subedral biotite = 50%. Plag 0.1-2.0
mm, zoned rims, partially altered 1o sericite.
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B0-453-54 5206.0-5215.5 m (503.0-512.5 m, BSF)

Cosrie gahbto-metabatalt polymict breceia

The core consists of fragments of polymict breccia containing mainly
pabsble-sized angular clasts of igneous and metamorphic rocks, largaly
mafic gaboro and metabasalt. Larger clasts include G = gabbro, MG =
mafic gabbiro, LG = leveocratic gabbro, and M = metabasslt. Cementing
minarals in the breccia matrix are carbonate, chiorite, and reddish iron
oxhydroxides. Mafic minerals in the gabbros have been replaced largely
try clays and raddish iron oxides. Malic gabbros are mare abundant in
this core than in cores above. Plagioctase chips in the breccia matrix
have a bleached appearance, having been raplaced by K-feldspar. Pro-
minant bleached coranas surround many gabbro clasts

“Thin Section Data

Gabbiros: 54-1, 4047 om No. 4A, Anorthositic gabbro, Composttion
labredorite 80-85%, altered pyroxenes = 15-20%. Texture: poikili
tic. Opx raplaced by chionta end green hamblende. Patches of
chlorite in cpx crystals. Plag replaced by sericite. Many narraw
eracks filled by chlorite-sctinolite sggregates,

54-1, 75-77 em No. 6, Amphibole gabbro. Composition: horn
blende = 70%, secondary minerals alter plagioclase [prehnite-
pumpellyite?l = 30%. Texture: hypidiomorphic granular.

544, 18-20 cm No. 1C, Anorthasitic gabbro [altered), Original com-
position: labratorite-bytownite = 86%, pyroxene = 16%, magnatite =
trace. Texture: originally panidiomarphic-granular, Now all pyrox
ene grains inte lepidobl T Eg: of ite, chior.
ite, minor carbonate, and Fe-axyhydroxides. Plag partly replaced by
elay minerals and sericite,

Metabasalrs: 54-3, 55-58 cm No. 8, Sparsely-phyric metamaorphosed
disbase, Phenocryss all plagiociase = 2% of rock. Compasition =
Angg gg Groundmass: plagioclase = 67%, 0.2-1.0 mm, Angg. Mag
ntita = 3%; rest are secondary minerals, prehnite = 1-2%, biotite =
5%, and chiorite = 25%, Prehnite after plagioctase, chlorite after cpx,
54-3, 106-109 cm Mo, 14, Plagioclase-clinopyroxene-olivine phyric
matabasalt. Phenacrysts = 30%, of which plagiociase = 98% up 10 5
mm, cpx = 2%, magnetite = trace. Groundmass = 70% of rock, of
which plagioclase = 60% 0.3-0.7 cm, Angg, epx = 5%, magnetite =
5%, biotite = 3%, and chiorite = 27%. Alteration = 30% of ground-
rmass, mainly biotite and chlorite aher epx. Iddingsite after olivine
phenocrysts,

Rock

Jypm  MDF  Ine. § D Type

541, 2431em — 471 (2.64) Brec.
54-2, 67.69em 128x103 278 4S5O - — MG
543, 58cm .7eSx103 61 (227 — — M
544, 1619em 1.28x107 286 (+57.3) — MG
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60-453-55 52155-5225.0 m (5125-522.0 m, BSF)

Coarse gabbro-metabasalt polymict breccia

The core consists of polymict broccia containing pebble: to boulder
sited angular clasts of igneows and metamarphic rocks, mainly mafic
gabbros, Larger clasts inelude G = gabbro, MG = mafic gabbuo, LG =
leucoeratic gablien, PG = pegmantic pabbros, and M = metabasalis
Mafic and uralitic anorthositic gabbros are mare abundant than in
cones higher in the section. Breccia matrix varies from reddish or red
dish gray at the top to gray-green ar the battom of the core. Minetalogl
cally, this s a changs Irom indurated chiorites stained with iron oxyhy
draxides to 4 mory compact chlorte with traces of pyrite, In reddish
rones, mafic minerals in gabbros gte altered to reddish clays snd iron
oxyhydroxides. In the groener zones, mafic minerals in gabbros are
altered to ehlorite-rich sssemblages, Bleached ranes around larges
cabbiles and boulders are more prosounced here than higher in the
section raplaced by K-fildsg:

Thin Section Data

Gabbros: 55-3, 25-28 cm No. 38, Olivine gabbro. Composition
plagiociase » GB%, cpx = 20%, olivine = 16%. opx = 3%, magnetite =
1%, Texture! eguigranular with subparallel arrangement of light
and dark-colored minerals, Alisration: sorpentine rims around
alivine, minor harnblende after myroxane, sericite and clays after
Plagivelase.
55.3, B0-94 cm No. 58, Alterad anorthoutic gabbra. Compositon
plagiocixse = B5%, altered pyroxenes = 13%, green splnel and mag
netite = 1-2%. Alterati . ehlorite, s
after pyroxenes. Chlorite, serigite, clay minerals after plagiocise
Rars prehnite, carbonate, zeolite
554, 133-135 cm No. 12C, Somewhat foliated anorthasitic gabbro.
Composition: labradorite = 65%, blue-grean homblende = 25%,
wreen spinel = 10%. Altoration: retragrade 1o chlorite. zeolite,
wericite, clay mimerals

Breccia matrix: 55-4, B2-B4 em No. 84, Angular fragments of plagio-
clase 0.1-6.0 mm and other primary rock (ypes. Matrix is extensively
alterud to chlonte, reolite, and epidote. Large plagioclase fragments
only partiafly altered to sericite {but replaced by K- feldspar],

Raock
Iyam MDF  Inc. 5 D Type
551, B8cm  285x103 56 (K0T == — G
553, 28ecm - - = 501 12800 Brec.
553, 28-31cm 2.35:;170'3 B ET — — G

554, 141143 em <10 - - G
Note: Alteration has almost 1 sampile 554,
141143 em

€Sy JLIS
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60-453-56 5226.0-5234.5 m (522.0.531.6 m, BSF)

Coarse gabb breccia, i hosed
Polymict breccia containing pebble- 1o boulder sized angular clasts af

ignecus and metamorphic rocks, manly mafic gatibeos. The antire cose

has been hydeoth Iy retrograde hosed to chil ich

pyritic secondary mineral assemblagas, Larger clasts include G = gabbro,

antd M = matabasalt, listed rext to metamorphism/alteration column,

Identitication ot the types of gabibros is hindered by refrograde meta-

The Matrix is gray o in color with smpller

bleachad plagioclasesich gabbro chips and pebbles.

Thin Section Data

- =] Gabbros: 56-2, 33-35 cm No. BA, Altered anarthositic gabbro. Com-

G position. plagioclase = 90%, secondary ehlorite, actinolite and mig

+ by notite = T0% Texture: granular

56-2, 85.87 cm No. 124, Altered gabbro. Plagioclase partly con

werted to sericite, chlorite, elay minerals, and probably prehnite and

pumpellyite. Mafic minarats replaced by ehlorite, actinolite, and

+ 1 wpidane
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- 6045357 5234.5-5244.0 m (531.5-541.0 m, BSF)

* =] Coarss gabh breccia, o hosed
The core consists of indurated palymict breceda eantaining pebble- to
boulder-sired clasts of igneous and metamarphic rocks, mainly mafic
— gabbros, All of the core but a portion of the lower two sections has
been mrograde hydrathermally metamorphosed 1o chlontesich, pyrite-
-] bearing mineral assemblages. Larger elasts include G = gabbro, MG =
mafic gabbro, LG = leucocratic gabibwo, and PG = pegmatitic gabbro.
Metabasalts are minor, making the breceia virtually monomict in places
The chiorite-rich matrix i gray-green in color with numeraus smallar
bleached plagioclase rich gabbro chips and pebsbles. Maflic mingrals in
the gabhros are altered to chioritie assemblages. Traces of the originally
bstown-colored breccks matsin still persist in Sections 4 and 8.
< Thin Section Data
Gabbros: 57-3, 10-12 em No. 2, G t it =
BE%, altered imtercumulus alivine + magnetite = 15%, Texture eoui
granulas, cumulate. Alteration: olwine replaced by serpentine,
bn chiorite and magnetite, plagioclase by sericite and clay minerals
57-4, 33-36 cm No. 3A, Pegmatitic olivine anorthositic gabbro.
Compasition: plagioclase = 80%, cox = 5%, olivine = 3%, may-
netite = 2%. Texture: poikilitic, granular, Alteration: Mafic
minerals altered to chlorite, serpentine, megnetite, actinolite,
Plagioclase to saricite, chiorite, clay minerals,
57-4, 106-109 cm Mo, 11, Coarse pegmatitic olivine gabbro.
Compesition: cpx = 70%, olivine = 10%, plagioclas = 18%,
magnetite = 2%, Texture: paikilitic, Alteration: modorate;
— serpentine after oliviee, chlorite and sctinolite after pyroxena,
saricite after plagiocisse.
— 57-4, 127-131 em No. 14, Altered troctolite. Composition: serpen.
tinized olivine = 50%, bytownite = 60%, minor green spinel. Tex-
twrel eguigranular, Alteration: ol nearly replaced by serpentine,
magnotite, chlorite, brucite. only relict grains lefr. Plagioctass partly
replaced by ehloiite, clay mimerals, prebnite( 1.
- Rock
Iuam MDF  Inc. 5 »3 Type
§7.1, 8891cm 103x107% 77 400 - - Brac
— 67-1,123-125 em w— — 540 248 Breoc
§7-2, 108-113em = == -_— 578 (2.73) Brec
573, 111113 em 1205103 507 +57.2 - [
574, 59.62cm 10107 133 a5F 00— - G

—— - ——
-
x=

— - —

brx

124
128

13
7 =

14

=15

e 16

1 17

150—
CORE/SECTION 56/1 56/2 511 57/2 57/3

(€ Bl AR BT

57/5

£SY ALIS



8v1

cm
0

150~
CORE/SECTION

Orientation

58/1

MV
My

i
iil
=
S
e
s[O |
{Gi
71<0
L")
o]

Orientation

59/1

Shipboard Studies

60/1

Rock Types
Shipboard Studies

Origntation

61/1

Orientation

62/1

Shipboard Studies

Piece Number
Reprasentation
Orientation

Graphic

g

Rock Types

Piece Number

0] g vion

18

Orientation

64/1

Shipboard Studies

PSS Ty

Rock Types

T

_I__I_L

60-453-58 5224.0-6256.6 m (541.0-550.5 m, BSF)
60-453-59 5253.5-5263.0 m (550.5-560.0 m, BSF)
60-453-60 5266:6-5272.6 m (560.0-568.5 m, BSF)
60-453-81 5275.5-5282.0 m (669.5-579.0 m, BSF|
60-453-62 5282.0-5291.5 m (579.0-588.5 m, BSF|

M, 1l minor pal breccia, ¥
altared

These cores, all of which had low recovery, consist largely of cobbles
of metavalcanic rocks with minor metagabbros, and either friablo or
Indurated green metabreccias, The cobbles and breccias have been by
drothermally altered 1o chlorite-rich pyritic mineral sisemblages. Clasts
include MY = I rock | i basalt,
andesite, or dacite), MB = micro-breccia, metamorphosed, G = gabbra
Microbwreccias in Cores 53-81 include softer, dark green ar gray-brown
breccias (68-1, Nos. 3, and 5-7), and indurated, lighter graen braccias
[MB pieces in 58-61). The formar may have been hyaloclastites, the
lateer pyroclastic in origin. Breccias in Core 82 ara probably drilling
breccias. A prominent vein cuts Piece 581, No. 2,

Thin Section Data

B8-1, 4749 cm No. 9, Totally altered pyroclastic voleanic rock. Texture
amygdaloldal, grano- and lepidogranoblastic. Amygdules: 7% of rock
voluma, filled by carbanate, quartz, zeolite(?). The same minerals are
in cracks together with chlorite and clays, Matrix: very fine-grained
aggregate of clays, quartz, chlorite, carbonate, and opacgues.

B0-453-63 5291.5-5301.0 m (688.5-508.0 m, BSF)

and sheared

gabbro-norite

Piece Mo. 1 is a fragment of medium bluish gray metabasalt, with
greenish gray breccia cement on one edge.

All ather pieces are highly sheared greenish black serpentinaed
gabbro-norite, Criginally, the rock win coarse grained, probably with
cumuus texture, but now it his a tectonized fabric. Many fracture sur
tachs have slick des and are By i “mylonite”.
Pyrite veins the lower portions of the core.

Thin Section Data
Gabbro-norite: 631, 80-83 cm No. 4A. Composition! clasts of de
tormed gabsbro with green homblend, y atter
by a matrix. Originally had cpx =
BO-H5%, plagiociase = 15-18%, apaques = 2-5%, minor stilpnomelane
of biotite. Texwre: clastic, folisted.

Rock
Junm MDF Inc. § D Type
831, 1193em  B78x10F 49 No - Serp, gabibra
63-1, 25-27 em - — — 421 282 Serp, gabbro
631,121123em —— == 610 305 Serp.gabbro
831, 127-130 em = - —  BAB{2.77]  Serp. gabbro
60-453-64 5301.0-5308.0 m (598.0-605.0 m, BSF)

Possible metagabibeo, medium grained, grayish gresn, foliated mxture,
with abundant chlorite-albitel?] veins. Rock may heve fallen down the
hale from ahove the i norite-gabbro of Core B3.
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