15. SITE 459: MARIANA FORE-ARC!

Shipboard Scientific Party?

HOLE 459

Date occupied: 25 April 1978

Date departed: 26 April 1978

Time on hole: 18.4 hrs

Position: 17°51.75'N; 147°18.09'E

Water depth (sea level; corrected m, echo-sounding): 4121
Water depth (rig floor; corrected m, echo-sounding): 4131
Bottom felt (m, drill pipe): 4130

Penetration (m): 3.5

Number of cores: |

Total length of cored section (m): 3.5

Total core recovered (m): 3.28

Core recovery (%): 94

Oldest sediment cored:
Depth sub-bottom (m): 3.5
Nature: vitric mud
Age: Recent

Principal results: See Hole 459B.
HOLE 459A

Date occupied: 26 April 1978

Date departed: 26 April 1978

Time on hole: 9.0 hrs

Position: 17°51.75'N; 147°18.09'E

Water depth (sea level; corrected m, echo-sounding): 4121
Water depth (rig floor; corrected m, echo-sounding): 4131
Bottom felt (m, drill pipe): 4129.5

Penetration (m): 67

Principal results: See Hole 459B.

HOLE 459B

Date occupied: 26 April 1978
Date departed: 4 May 1978

! tnitial Reports of the Deep Sea Drilling Project, Volume 60.

Donald M. H g, (Co-Chief Scientist), Hawaii Institute of Geophysics, Honolulu,
Hawaii; Seiya Uyeda (Co-Chief Scientist), Earthquake Research Institute, University of
Tokyo, Tokyo, Japan; René Blanchet, Université de Bretagne Occidentale, Brest, France;
Ulrich Bleil, Institut fiir Geophysik, Ruhr Universitdt, Bochum, Federal Republic of Ger-
many; C. Howard Ellis, Marathon Oil Company, Denver Research Center, Littleton, Col-
orado; Timothy J. G. Francis, Institute of Oceanographic Sciences, Surrey, United Kingdom;
Patricia Fryer, Hawaii Institute of Geophysics, Honolulu, Hawaii; Ki-Iti Horai, Lamont-
Doherty Geological Observatory, Palisades, New York; Stanley Kling, Marine Life Research
Giroup, Scripps Institution of Oceanography, La Jolla, California (present address: 416 Shore
View Lane, Leucadia, California); Arend Meijer, Department of Geosciences, Universily of
Arizona, Tucson, Arizona; Kazuaki Nakamura, Earthquake Research Institute, University of
Tokyo, Tokyo, Japan; James H. Natland, Deep Sea Drilling Project, Scripps Institution of
Oceanography, La Jolla, California; Gordon H. Packham, Department of Geology and Geo-
physics, University of Sydney, Svdney, N.S.W. Australia; and Anatoly Sharaskin, Vernadsky
Institute of Geochemistry, U.S.8.R. Academy of Sciences, Moscow, U.5.5.R.

Time on hole: 192 hrs

Position: 17°51.75'N; 147°18.09'E

Water depth (sea level; corrected m, echo-sounding): 4121
Water depth (rig floor; corrected m, echo-sounding): 4131
Bottom felt (m, drill pipe): 4125.5

Penetration (m): 691.5

Number of cores: 73

Total length of cored section (m): 691.5

Total cored recovered (m): 182.14

Core recovery (7o): 26

Oldest sediment cored:
Depth sub-bottom (m): 559
Nature: silicified claystone
Age: pre-late Eocene
Measured velocity (km/s): 1.77

Basement:
Depth sub-bottom (m): 559
Nature: basalt
Velocity range (km/s): 2.7-4.4
Total basement penetration: 132.5

Principal results: Site 459 is located on the eastern edge of a deep sedi-
ment pond immediately above (west of) the trench slope break.
Hole 459 was abandoned when the lower half of the core barrel
containing the mudline core dropped down the drill string and
fishing attempts were unsuccessful. Hole 459A, a pilot hole for
potential re-entry, was washed down to 87.0 meters; no cores were
taken. In Hole 459B, a total of 691.5 meters was cored with a re-
covery rate of 26%. The upper 559.0 meters are sediments con-
sisting mainly of vitric mud and ooze with ash layers, late to early
Pleistocene in age, over a thick pile of turbidites of late Oligocene
through middle Miocene age. These in turn overlie middle Eocene
to early Oligocene claystones. Hiatuses are recognized for 3.0-
10.0, 13.4-14.0, 30.0-34.5, and 40.0-42 Ma. The sedimentary se-
quence shows that the Site 459 area was subjected to active vertical
displacement and tensional stress in the late Oligocene to middle
Miocene period.

Below the sediments, 132.5 meters of fine- to medium-grained
clinopyroxene-plagioclase pillow basalts, flows, and possible in-
trusives were cored. Two major chemical types divided into seven
subtypes occur, all of them tholeiite and quartz tholeiite in com-
position. Low contents of TiO,, Zr, and V despite generally frac-
tionated compositions indicate that these basalts are island arc,
rather than abyssal, tholeiites. However, orthopyroxene does not
occur in these lavas. Coarser-grained basalts contain quartz-alkali
feldspar micrographic intergrowths. The basalts are highly frac-
tured and intensely altered, especially in zones of fractures. Altera-
tion occured in two stages: (1) an oxidative, probably early, and
possibly hydrothermal stage in which dioctahedral smectites, cela-
donite, iron hydroxides, and palygorskite formed as vesicle and
vein fillings, and (2) a nonoxidative, probably later stage of intense
replacement of groundmass portions of the lavas with triocta-
hedral smectite and phillipsite. Stage (1) also affected the lower-
most sediments, since they too contain palygorskite.

The stable paleomagnetic inclinations of the sediments become
shallower deeper in the hole, indicating a northward movement of
the site during the Cenozoic. Inclinations in basement are also
shallow and of both normal and reversed polarity. Some changes
in inclination occur within chemical subtypes, implying faulting of

309



SITE 459

the section. Other changes in inclination occur between subtypes,
implying that extrusion was over a time period long enough for
secular variation of the Earth's magnetic field to occur.

BACKGROUND AND OBJECTIVES

Site 459 (site survey target SP-3C) is located on the
eastern margin of the last deep sediment pond on the
island arc side of the trench slope break (Figs. 1 and 2).
It is one of a series of Leg 60 drill holes (458, 459, and
460/461) designed to investigate the portion of the
Mariana arc between the trench axis and the active vol-
canic arc. The overall background and objectives for
this series of holes are discussed in a separate chapter
(Mariana arc and fore-arc background and objectives,
this volume), and will not be repeated here.

A portion of a reflection seismic record (Fig. 3) ob-
tained during the site selection survey less than 5 km
south of Site 459 is an example of the character of the
trench-slope break where it demarks the abrupt change
from the gentle dip of the fore-arc seafloor to the steep
(>9°) dip of the trench wall. The top of the inner wall
of the trench, where no acoustic layering is observed, is
at about 1125Z time on the reflection profile. We as-
sume the lack of sediment reflections is probably the re-
sult of tectonic disturbance of the sediments rather than
outcropping of basement, because sonobuoy, OBS, and
multichannel seismic velocity determinations near the
trench-slope break all indicate a substantial thickness of
low-velocity material (about 1 km with velocities less
than 3 km/s). Normal faulting is predominant in the
seafloor and sub-bottom, suggesting that the region is
under tension. To the west, toward the volcanic arc, the
sediments appear to thicken over a gradually better-
defined and deepening acoustic basement. By 1300Z on
Figure 3, apparent sediments are approximately 600 ms
(500 m) thick, and the degree of disturbance has less-
ened to the point where the acoustic basement is well
defined and some layering can be observed. This is also
the thickest part of the sediments on this particular pro-
file. By 1400Z the acoustic basement shoals to where it
seems to crop out on the ocean floor,
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Figure 1. Location of Site 459 (open circle) in the fore-arc region of
the Mariana island arc, near the Mariana Trench. Other sites
drilled during Leg 60 are shown as closed circles. Sites drilled on
Leg 59 are circled dots. Site 290 (Leg 31) is shown by a star.
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Another reflection seismic record less than 7 km
north of Site 459 (Fig. 4) demonstrates a portion of the
trench slope break that has a topographic high rising
over 800 meters above the bathymetric trend. No sub-
bottom reflectors are observed on the high, which gives
it the appearance of an igneous body. However, no
magnetic anomalies and only a very subdued gravity
anomaly are observed (Hussong and Fryer, this vol-
ume). Because these data suggest that the bathymetric
high is composed of material with low magnetic sus-
ceptibility and low density, it is probably not a volcanic
feature.

The primary objectives at Site 459 (SP-3C) were to:

1) determine the nature and origin of the material
comprising the acoustic basement at the trench slope
break (and, perhaps, by extension the material in the
trench-slope break bathymetric high);

2) determine if the wide variety of igneous and
metamorphic rocks dredged from lower down the inner
wall of the trench (e.g., Dietrich et al., 1978) are derived
from the trench slope break;

3) learn, from the recovered sediment, something of
the tectonic and volcanic history of the uppermost inner
trench wall; and

4) serve as a reference section for comparison with
Site 458, on the fore-arc, and Sites 460 and 461, deep on
the inner wall of the trench.

OPERATIONS

After a 17-hour stop in Saipan to load supplies, the
Glomar Challenger sailed at 0615 on 24 April 1978 for
Site 459. During transit to Saipan, and during the run
back from Saipan to Site 459, all the normal profiling
equipment (3.5-kHz and 12-kHz bathymetry, airgun re-
flection seismic system and magnetometer) were opera-
tional,

Site 459 was chosen very near the flank of a bathy-
metric high on the trench-slope break (see Background
and Objectives). The approach to the target area was
made from the west, across a sediment-filled basin onto
the lower slope of the bathymetric high. The sediment
thinned out very quickly as the high was approached,
and, although we suspected that there was still adequate
sediment to spud in, the difficult drilling conditions en-
countered previously reinforced our caution and we
moved back west to the large sediment-filled basin.
When the Challenger profile records showed well over
300 meters of sediment, a single life 13.5-kHz beacon
was dropped (17°51.7'N, 147°18.1'E) in a PDR depth
of 4121 meters at 0604 on 25 April (Fig. 5).

A standard (120-meter) bottom hole assembly was
rigged with a 9%-inch F93CK bit and the bit release
assembly that had just been picked up in Saipan. The
drill string was started down at 0730, and we spudded in
at a depth of 4120 meters (4130 m below rig floor) at
1400 on 25 April 1978.

The inner barrel containing the mudline core was
brought back up to the derrick floor, and the drill pipe
was opened to retrieve the core. As the inner barrel was
lifted from the drill pipe it came unscrewed in the mid-
dle, and the lower half, including the core catcher and
liner with the mudline core, dropped back down the drill
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Figure 2. Bathymetry of the Mariana fore-arc region in the vicinity of Site 459 (from Hussong, this volume). Contour interval is in meters.

string. (The expletive simultaneously emitted by the
drillers and various bystanders will be left to the
reader’s imagination.) Two attempts to fish the bottom
portion of the inner barrel failed, probably because the
plastic core liner was the uppermost object in the hole
and was difficult to grasp with the fishing tool. At 1750
the fishing attempts were abandoned and the entire drill
string was brought back up. The mudline core was
brought aboard in the bottom hole assembly at 0030 on
26 April, The well-traveled 3.28-meter core was the total
recovery for Hole 459,

At 0310 the pipe was started back down without mov-
ing the ship for Hole 459A. Because this was a potential
re-entry site, we conducted 459A as a wash-down pilot
hole to determine the length of the casing that would be
required for the re-entry cone. Spud-in was at 0726 in
4119.5 meters of water. The bit reached a depth of 87.0
meters after 73 minutes of washing down (the center bit
was in place, and no rotation was done). At this time we
started back out of the hole, clearing the mudline at
0920 on 26 April 1978.

We offset 50 feet to the east, and Hole 459B was
begun by spudding in at 1100 in 4115.5 meters of water
(4125.5 meters of pipe below rig floor). The coring sum-
mary and drilling rate for all three holes at this site are
given in Table 1 and the coring rate for Hole 459B is
plotted versus depth in Figure 6. Although plenty of
sediment was encountered in Hole 459B, as in the case

of Site 458, much of the sediment was quite friable and
recovery was erratic and generally low. Approximately
560 meters of sediment and 130 meters of igneous rock
were penetrated, with a core recovery rate of 26%.

Three Tokyo T-probe downhole temperature meas-
urements were made at depths of 64.5, 131.0, and 197.5
meters (Uyeda and Horai, this volume). After the sec-
ond measurement (131 m) the lower 200 feet of sandline
had to be cut off because it had been badly kinked dur-
ing the temperature measurement. This line damage
could be the result of one or a combination of three fac-
tors: (1) water circulation was turned off while lowering
the heat probe to minimize temperature disturbance in
the hole; (2) the probe was locked in the bit for a par-
ticularly long time; and (3) too much sandline slack may
have been let out when the probe locked in the bit. The
first two conditions did occur; the third is a possibility.
The long measurement duration and shutting down of
circulation were two of several variations on the Tokyo
T-probe technique that were conducted in order to learn
more about temperature disturbance and variation in
the hole (Uyeda and Horai, this volume).

The only other problems encountered during drilling
were when the overshot filled with line tar and failed to
grasp the inner barrel, necessitating two extra core re-
covery trips. This was as a result of having laid on a new
tar-saturated sandline between Sites 458 and 459, so that
large amounts of line tar were coming off into the hole.
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Figure 3. Portion of Hawaii Institute of Geophysics site survey airgun reflection seismic profile obtained on 18 February 1976. Single-channel

hydrophone array, filtered 20-80 Hz.

The line tar also showed up in the top of a few core
samples, particularly the one taken after the heat flow
measurement at 64.5 meters depth.

The ship drifted some 180 feet off station during the
cutting of Core 17, owing to the uncompensated addi-
tion of an engine to the main drive. This excursion does
not seem to have affected the recovery of samples in
Core 17.

The heave compensator was installed and used for
the cutting of the igneous rock Cores 63 through 73.

During cutting and retrieval of Core 73 the pipe
started sticking and torquing owing to caving and infill-
ing, probably from the fractured rock encountered
through most of the basement drilling. We decided to
abandon further drilling and proceed with logging the
hole at this time. The drill string was raised above the
sticking level in the hole, and the bit was released at
1753 on 2 May 1978, at a sub-bottom depth of 663
meters. After circulating seawater to clear the hole (mud
was not circulated, because the hole has to be full of salt
water for the large-scale resistivity experiment [Francis,
this volume]), the heave compensator and Bowen unit
were set back and the pipe raised to 4244 meters below
the rig floor for logging.
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The first Gearhart-Owen (GO) logging tool (tempera-
ture and gamma-density) was able to go to a depth of
only 4646 meters before being stopped (1410 on 2 May)
by bridging of the hole. Unfortunately, this blocking
was above basement. The second GO run (gamma-sonic
and caliper) did not operate properly. The third run
(gamma-neutron and laterolog) operated properly but
encountered hole bridging at only 4630 meters (2137 on
2 May). The fourth run (gamma-induction) went to only
4611 meters (0245 on 3 May), and the fifth run (repeat
of temperature) could go to only 4602 meters (at 0718
on 3 May).

The caving-in of the hole was progressing rapidly, so
we rigged the large-scale resistivity experiment (Francis,
this volume) rather than try another sonic run. The
resistivity experiment lasted from about 0830 to 1757 on
3 May, during which time current was applied at 55
depths for 10 seconds in each polarity. The measure-
ments were apparently successful. Unfortunately, the
hole had infilled to 4593 meters by the time this tool
reached bottom (1425 local time).

During and just after the large-scale resistivity run
the sonic log was repaired and subsequently run to a
depth of 4589 meters at 2223 local time. Although the
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Figure 4. Portion of Hawaii Institute of Geophysics site survey airgun reflection seismic profile obtained on 23-24 February 1976. Single-channel

hydrophone array, filtered 20-80 Hz.

sonic tool seemed operational, it behaved erratically and
the caliper did not operate, so the measurements are of
doubtful quality.

After completion of the logging the drill string was
started up at 0200 hrs. and was on deck and secured for
transit to the next site at 0930 local time on 4 May 1978.

SEDIMENT LITHOLOGY

At Site 459 (Hole 459B) a 691.5-meter sequence of
sediment and igneous rocks was drilled and continu-
ously cored. The total thickness of sediment above the
igneous rocks is 559.0 meters. These sediments may be
divided into six units, with Unit 3 being further divided
into 3 subunits (Fig. 7).

Thickness
Unit  Core (m) Main Characteristics

1 1-4 36 Siliceous vitric mud and nanno-
fossil vitric ooze

2 5-7 28.5 Hiatuses; vitric mud, nannofossil
vitric mud, vitric ash

3 8-57 475 Turbidites; slumping; faulting.

4 58 9.5 Claystone

5 59 9.5 Claystone and cherts

6 60 0.5 Slickensided silicified claystone

Unit I: 36 m; 0-36 m, Cores 1 through 4; late Pleis-
tocene (Gephyrocapsa oceanica Zone); 0-0.9 Ma. Dom-

inant lithologies are vitric siliceous and calcareous mud
and ooze with muddy to sandy vitric ash layers. The
color is mainly dark brown to yellowish brown and is
darker in the coarser lithologies. The unit is rich in bio-
genic sediments, The uppermost 14 meters (Cores 1 and
2) are siliceous with diatoms (up to 75%) and radio-
larians (up to 25%). In Cores 3 and 4 nannfossils be-
come predominant (up to 50%) in marly nannofossil
ooze. Foraminifers are scarce. Volcaniclastic materials
are present either as a minor component in biogenic
sediments or as the dominant component in muddy to
silty ash layers. They are mainly volcanic glass (25-
50%) and feldspars (5-25%). Volcanic glass is generally
vesicular, fresh or altered. Clays occur as alteration of
volcanic glass and are important components in mud
and marly ooze. Reworked pebbles of older claystone
and mudstone are common in sandy layers of the two
first cores.

The unit is late Pleistocene (Gephyrocapsa oceanica
Zone, including both the Ceratolithus cristatus and
Emiliania ovata subzones); it bottoms at about 0.9 Ma.

Unit II: 28.5 m; 36-64.5 m, Cores 5 through 7,
several possible hiatuses; early Pleistocene-Pliocene?,
and early Pliocene-late Miocene; 3.0-10.0 Ma. Between
Cores 4 and 8, a condensed sequence with hiatuses is
made of vitric mud, marly nannofossil ooze, muddy to
sandy crystal, and/or vitric ash. Dominant colors are
grayish olive and olive gray.
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Figure 5. Approach of Glomar Challenger to Site 459. Figure 5A crosses a fore-arc high and starts down
toward the trench wall east of Site 459. Figure 5B is on course from the east, traversing the trench-
slope break to the edge of the fore-arc sediment wedge.

A major and/or a highly condensed sequence is sug-
gested in this unit in the early Pliocene and in late
Miocene; Core 5,CC can be placed in the late early
Pleistocene Gephyrocapsa caribbeanica nannofossil
Subzone. Four sections of Core 6 are barren. Sample
459B-6,CC may be assigned to the early late Pliocene
Discoaster tamalis nannofossil Subzone or older. Only a
core catcher sample was recovered from Core 7, and it
can be placed in the earliest late Miocene Ommatartus
antipenultimus radiolarian Zone (7.8 ~9.3? Ma).

Another hiatus, 9.3? ~11 Ma, may also exist be-
tween 7,CC and the cores comprising Unit III, because
the top of the unit is assigned to the late middle Miocene
by the Catinaster calyculus nannofossil Subzone (11-12
Ma).

Volcaniclastics are more abundant than in Unit I
(15-80%), especially in Core 6. Biogenic components,
both calcareous and siliceous, are rare. Nannofossils
that may be reworked occur in Core 6. This makes it dif-
ficult to establish an exact time scale in this unit.

Unit III: 475 m; 64.5-539.5 m; Cores 8 through 57;
middle Miocene through late Oligocene; 11-30 Ma. This
unit consists of a thick accumulation of typical tur-
bidites, where the sequences (Bouma sequences or cy-
cles, more or less complete) usually show from top to
bottom: (1) burrowed marly chalk or mudstone: (2)
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massive mudstone; (3) laminated mudstone or siltstone;
(4) cross-bedded siltstone; and (5) graded siltstone or
sandstone with erosional contacts at the bottom.

Mass flows (turbidite facies) from nearby sources
also occur in the lower cores. Slumping occurs com-
monly throughout the unit. Extensive normal (ten-
sional) faulting is developed throughout, particularly in
Cores 26 to 28 (boundary between early and middle
Miocene) and 50 to 54 (late Oligocene). Displacement is
commonly of a few centimeters or less but can reach 15
cm. Clastic “‘minidikes,’”’ probably the traces of de-
watering passages, occur generally at the top of turbi-
dite sequences (Cores 46-57) and crosscut burrows. The
openings are tensional in origin and can be filled with
over- and underlying coarse-graded sand (sandstone).

This turbiditic Unit III is divided into 3 subunits on
the basis of composition and texture:

Subunit ITTA: 161.5 m; 64.5-226 m; Cores 8 through
24; middle Miocene (Catinaster calyculus Subzone
through Sphenolithus heteromorphus Zone); 11-15 Ma.
One or more turbidites occur between vitric marly nan-
nofossil chalks and vitric mudstones. The color is domi-
nantly olive gray, with olive black graded or laminated
layers (silty and sandy vitric tuff). Volcanic glass (10-
70%) is strongly altered; clays, including green clay
present all through this subunit, are also a prominent



Table 1. Coring summary, Site 459,

Depth from Depth below
Drill Floor Seafloor Length Length
Date (m) (m} Cored  Recovered Recovery
Core  (1978) Time Top Bottom  Top Bottom (m) (m) (%)
Hole 459
| 26 Apr. 0030 4129.5-4133.0 0-3.5 15 3.28 9.7
Hole 459A
0
Hole 4598
i 26 Apr. 1153 4125.5-4133.0 0-7.5 7.5 7.1 94.6
2 26 Apr. 1319 4133.0-4142.5 7.5-17.0 9.5 6.66 70.1
3 26 Apr. 1434 4142.5-4152.0 17.0-26.5 9.5 0.05 0.6
4 26 Apr. 1601  4152.0-4161.5 26.5-36.0 9.5 0.26 2.7
5 26 Apr. 1721 4161.5-4171.0 36.0-45.5 9.5 0.57 6.0
[ 26 Apr. 1919 4171.0-4180.5 45.5-55.0 9.5 5.87 61.7
o 26 Apr. 2044 41B0.5-4190.0 55.0-64.5 9.5 0.08 0.7
8 27 Apr. D042 4190.0-4199.5 64.5-74.0 9.5 1.62 17.0
9 27 Apr. 0229 4199.5-4209.0 74.0-83.5 9.5 1.24 13.1
10 27 Apr. (400 4209.0-4218.5 83.5-93.0 9.5 ] 0
1 27 Apr. 0602  4218.5-4228.0 93.0-102.5 9.5 275 28.9
12 27 Apr. 0723 4228.0-4237.5  102.5-112.0 9.5 0.32 34
13 27 Apr. 0854 4237.5-4247.0  112.0-121.5 9.5 0.97 10.2
14 27 Apr. 1013 4247.0-4256.5  121.5-131.0 9.5 1.50 15.7
15 27 Apr. 1446  4256.5-4266.0  131.0-140.5 9.5 3.40 357
16 27 Apr. 1610 4266.0-4275.5  140.5-150.0 9.5 0 0
17 27 Apr. 1826 4275.5-4285.0  150.0-159.5 9.5 0.95 10.0
18 27 Apr. 2042  4285.0-4294.5  159.5-169.0 9.5 1] 0
19 27 Apr. 2240 4294.5-4304.0  169.0-178.5 9.5 0.60 6.3
20 28 Apr. D040 4304.0-4313.5  178.5-188.0 9.5 1.14 12.0
21 28 Apr. 0200 4313.5-4323.0  1BB.0-197.5 9.5 1.37 144
22 28 Apr. 0528 4323.0-4332.5  197.5-207.0 9.5 0.80 B.4
23 28 Apr. 0650 4332.5-43420 207.0-216.5 9.5 0.03 0.3
24 28 Apr. 0850 4342.0-4351.5  216.5-226.0 9.5 2.85 30.0
25 28 Apr. 1008  435]1.5-4361.0 226.0-235.5 9.5 5.03 52.9
26 28 Apr. 1119 4361.0-4370.5  235.5-245.0 9.5 1.5 15.7
27 28 Apr. 1242 4370.5-4380.0  245.0-254.5 9.5 6.62 69.6
28 28 Apr. 1445 4380.0-4389.5  254.5-264.0 9.5 4.70 49.5
29 28 Apr. 1559  4389.5-4399.0  264.0-273.5 9.5 348 36.6
30 28 Apr. 1816 4399.0-4408.5  273.5-283.0 9.5 6.22 65.4
3l 28 Apr. 1951 4408.5-4418.0 283.0-292.5 9.5 3.06 2.2
32 28 Apr. 2106  4418.0-4427.5  292.5-302.0 9.5 2.46 25.8
3 28 Apr. 2227  4427.5-4437.0  302.0-31L.5 9.5 1.56 16.4
34 28 Apr. 2354 4437.0-4446.5  311.5-321.0 9.5 227 218
35 29 Apr. D115 4445.5-4456.0  321.0-330.5 9.5 338 35.0
i6 29 Apr. 0308  4456.0-4465.5  330.5-340.0 9.5 1.30 34.7
a7 29 Apr. 0635  4465.5-4475.0  340.0-349.5 9.5 1.79 IB.8
EH] 29 Apr. 0748  4475.0-4484.5  349.5-359.0 9.5 249 26.2
39 29 Apr. 0915 4484.5-44940  359.0-368.5 9.5 2.87 30.2
40 29 Apr. 1039 4494 0-4503.5  368.5-378.0 9.5 5.77 60.7
41 29 Apr. 1155  4503.5-4513.0  378.0-387.5 9.5 0.15 L6
42 29 Apr. 1314 4513.0-4522.5  387.5-397.0 9.5 3.34 35.1
43 29 Apr. 1448 4522.5-4532.0  397.0-406.5 9.5 1.5 15.8
a9 29 Apr. 1640 4532.0-4541.5  406.5-416.0 9.5 2.36 24.6
45 29 Apr. 1821  4541.5-4551.0 416.0-425.5 9.5 1.05 11.0
46 29 Apr. 1959 4551.0-4560.5  425.5-435.0 9.5 2.94 310
47 29 Apr. 2127 4560.5-4570.0  435.0-444.5 9.5 1.32 13.9
48 29 Apr. 2259 4570.0-4579.5  444.5-454.0 9.5 2.05 21.5
49 30 Apr. D041 4579.5-4589.0  454.0-463.5 9.5 0.73 7.7
50 30 Apr. 0211 4589.0-4598.5  463.5-471.0 9.5 4.55 47.9
51 30 Apr. 0345  4598.5-4608.0 473.0-482.5 9.5 2.30 24.2
52 30 Apr. 0507 4608.0-4617.5  482.5-492.0 9.5 4.04- 42.5
53 30 Apr. 0630  4617.5-4627.0  492.0-501.5 9.5 5.28 55.6
54 30 Apr.  DBOB  4627.0-4636.5  501.5-511.0 9.5 6.61 69.6
55 30 Apr. D951  4636.5-4646.0  511.0-520.5 9.5 5.65 59.4
56 30 Apr. 1153 4646.0-4655.5  520.5-530.0 9.5 6.32 66.5
57 30 Apr. 1332 4655.5-4665.0  530.0-539.5 9.5 3.90 41.0
58 30 Apr, 1510 4665.0-4674.5  539.5-549.0 9.5 5.0 52.6
59 30 Apr. 1716 4674.5-4684.0  549.0-558.5 9.5 245 25.7
60 30 Apr. 1934 46B4.0-4693.5  558.5-568.0 9.5 1.69 17.7
61 30 Apr. 2212 4693.5-4703.0 568.0-577.5 9.5 1.50 15.7
62 1 May 0043  4703.0-4712.5  577.5-587.0 9.5 0.73 1.6
63 1 May 0530  4712.5-4722.0 587.0-596.5 9.5 0.75 1.8
64 1 May 0716  4722.0-4731.5  596.5-606.0 9.5 0.67 7.0
65 | May 1000 4731.5-4741.0  606.0-615.5 9.5 1.65 17.3
66 I May 1220 4741.0-4750.5  615.5-625.0 9.5 257 2.0
67 1 May 1455 4750.5-4760.0  625.0-634.5 9.5 1.95 20.5
68 I May 1725  4760.0-4769.5 634.5-644.0 9.5 0.45 4.7
69 1 May 2022 4769.5-4779.0 644.0-633.5 9.5 1.76 18.5
70 1 May 2257 4779.0-4788.5  653.5-663.0 9.5 1.58 16.6
71 2 May 0107 478B.5-4798.0  663.0-672.5 9.5 2.719 304
72 2 May 0310  4798.0-4807.5  672.5-682.0 9.5 1.50 15.7
73 2 May 0620 4807.5-4817.0 682.0-691.5 9.5 4.35 457
691.5 182.11 26.3

component (40-80%). Calcareous nannofossils usually
represent 10 to 30% of the sediments but decrease in
abundance downward.

In this subunit a small hiatus may exist in the early
middle Miocene. The Coccolithus miopelagicus nanno-
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Figure 6. Coring summary, Hole 459B, showing the coring rate per
core versus meters of total penetration.

fossil Subzone (ca. 0.6 Ma) is missing and the S.
heteromorphus Zone is rather briefly represented.
Marly nannofossil chalks decrease (Cores 21-25) and
mudstones increase downward through the same inter-
val. Mudstones become dominant below Core 24.
Subunit IIIB: 228 m; 226-454 m; Cores 25 through
48; early Miocene (15-24 Ma). This subunit consists of
turbiditic sequences with the following lithologies, from
top to bottom in complete turbidites: claystone, mud-
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Figure 7. Sediment age, lithology, units, and core recovery versus depth, Hole 459B.

stone, siltstone, and sandstone. Mudstones are con-
taminated by volcaniclastics, whereas siltstones and
sandstones are generally vitric tuffs (more than 50% of
ash-size components). Marly nannofossil chalks are rare
in the upper part (Cores 25-30), absent in the middle
portion, and rare in the lower cores (46-48).

Subunit IIIC: 85.5 m; 454-539.5 m; Cores 49 through
57; late Oligocene; 23-30 Ma. In this subunit, vitric
marly nannofossil chalk and limestone increase down-
ward, giving way to calcareous turbidites in Cores 54 to
57. Large foraminifers are commonly reworked in these
turbidites (Cores 54, 56, 57). Volcanic glass is very rare
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(0-3% at the bottom in Cores 55-57) but is increasingly
present upward (53 through 49).

Dominant colors are greenish gray, olive gray, and
yellowish gray. Core 56, Section 4 contains a dusky
brown uniform clay.

Unit IV: 9.5 m; 539.5-549 m; Core 58; early Oligo-
cene to latest Eocene, 34-40 Ma. Absence of a nanno-
fossil zone and a subzone Sphenolithus predistentus and
Reticulofenestra hillae) may indicate a hiatus of ca. 4
m.y. (30-34 Ma) between Units III and IV, Unit IV con-
sists of siliceous claystone and mudstone and silty and
sandy vitric tuff organized in graded sequences. Nanno-



fossil limestones are absent; siliceous biogenic compo-
nents occur (up to 10%). The dominant color is light
brown to moderate brown.

Unit V: 9.5 m; 549-558.5 m; Core 59; late Eocene
(radiolarian Podocyrtis chalara Zone which occupies
the early-late Eocene at about 44 Ma). A light brown
claystone with several pieces of silicified claystone and
grayish brown cherts occurs in Core 59. Smear slides of
the claystones contain the following: clay (95%), feld-
spar (5%), rare radiolarians. A hiatus of over 2 m.y.
might occur between Thyrsocyrtis bromia radiolarian
Zone in Core 58 and the Podocyrtis charala radiolarian
Zone in Core 59 (40-42 Ma).

Unit VI: 0.5 m; 558.5-559 m; Core 60; pre-late Eo-
cene. In Core 60, the uppermost basement basalts are
overlain by 0.5 meters of soft dusky yellowish brown
claystone which is silicified and contains very abundant
slickensides (produced by drilling? tectonics?). The sur-
face of the first piece of basalt shows a thin slickensided
film of the same dusky yellowish brown material. It is
therefore not clear whether the sediment contact is
depositional, intrusive, or even tectonic in origin. The
uppermost basement basalts may be intrusive (see sec-
tion on Igneous Rocks, Lithology).

BIOSTRATIGRAPHY

Summary

Diverse calcareous nannoplankton and radiolarian
assemblages occur throughout most of the sedimentary
interval (Cores 1-60) overlying igneous rocks at Site 459
and range in age from late Pleistocene to late Eocene.
Several breaks can be seen in the biostratigraphy with
major hiatuses occurring in the Pliocene-late Miocene,
middle Miocene, early Oligocene, and late Eocene.

Poor recovery and the absence of age-diagnostic nan-
noplankton species in Cores 6 and 7 make precise zonal
determinations impossible, although a discontinuous
record is suggested for the early Pleistocene and Plio-
cene. A minimum gap for the early Pliocene and late
Miocene of about 7 m.y. (3.0-10.0 Ma) occurs between
Cores 6 and 7.

A nannoplankton subzone representing 0.6 m.y.
(13.4-14.0 Ma) is absent between Cores 20 and 21.

Another sizable break occurs between the early and
late Oligocene (Cores 57 and 58), representing a mini-
mum of 4.5 m.y. (30.0-34.5 Ma). Still another large gap
can be recognized between Cores 58 and 59, since a late
Eocene radiolarian assemblage is seen in Core 59. This
could represent a minimum of 2.0 m.y. (40.0-42.0 Ma).

Nannoplankton and radiolarian zonations correlate
extremely well paleontologically throughout the inter-
vals where both groups occur; however, absolute age de-
terminations vary slightly. This is to be expected when
two different zonation schemes are related to absolute
time by different methods and subsequently compared.
The major exception to zonation agreement is in the
early Miocene, where sizable discrepancies are present.
This relationship is also evident when a comparison is
made between nannoplankton and radiolarian results in
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the early Miocene at Site 296 (Ellis, 1975; Ling, 1975) as
well as other DSDP sites. It would appear that this is
due to a major error in zonal age determinations of one
or both of the fossil groups.

The major paleontologic breaks agree very closely
with changes noted in the lithology at this site.

Nannoplankton

Nannoplankton assemblages throughout the sedi-
mentary interval in Hole 459B range from good to poor
preservation and show wide species diversity. They also
contain sufficient age-diagnostic forms to indicate that
the biostratigraphic sequence is discontinuous.

The Holocene-late Pleistocene Emiliania huxleyi
Zone is recognized in Core 1 of Hole 459. The following
Pleistocene zonation can be recognized in samples from
Hole 459B: the Ceratolithus cristatus Subzone of the
Gephyrocapsa oceanica Zone, sections 1 through 4,
Core 1; the Emiliania ovata Subzone of the G. oceanica
Zone, Samples 459B-1-5, 90-91 cm through 459B-4,CC;
the Gephyrocapsa caribbeanica Subzone of the Crena-
lithus doronicoides Zone, Sample 459B-5,CC.

Samples from Sections 1 through 4 of Core 6 are bar-
ren. Sample 459B-6,CC contains three rarely occurring
species of Discoaster. If these are indigenous, then the
sample is of early late Pliocene age and the intervening
subzones are either missing or represented by the barren
interval.

Samples from Cores 8 to 15 are assigned to the late
middle Miocene Discoaster hamatus Zone because of
the presence of the nominate species D. hamatus. The
presence of D. sp. cf. D, quinqueramus in Samples
459B-8-1, 90-91 c¢cm; 459B-9,CC; 459B-11-2, 18-19 cm;
459B-11,CC; and 459B-12,CC suggests that these sam-
ples may belong in the early late Miocene. (This species
is discussed by Bukry, 1973; Howe and Ellis, 1977; Ellis
and Lohman, 1979.) However, the total absence of
other late Miocene key species indicates that these sam-
ples probably belong in the middle Miocene. In that
case, considerable section is missing. Nannoplankton
zones from early Pliocene (3.0 Ma) to the top of the
middle Miocene (11.0 Ma) are absent. However, late
Miocene radiolaria are noted in Sample 459B-7,CC.
Consequently a hiatus representing about 7.0 m.y. (3.0-
10.0 Ma) exists between Samples 459B-6,CC and 459B-
7,C6:

The two subzones of the Discoaster hamatus Zone,
the Catinaster calcylus Subzone and the Helicosphaera
carteri Subzone, can also be identified. The boundary
between them occurs between Samples 459B-15-1, 52-53
cm, and 459B-17,CC.

The Catinaster coalitus Zone is determined for Sam-
ples 459B-19-1,CC top and bottom. Samples from Core
20 can be assigned to the Discoaster kugleri Subzone of
the D. exilis Zone.

The presence of the early middle Miocene Spheno-
lithus heteromorphus Zone assemblage in the two sam-
ples of Core 21 (Samples 21-1, 35-36 cm, and 459B-
21,CC) suggests that the lower subzone of the overlying
Discoaster exilis Zone, the Coccolithus miopelagicus
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Subzone, is missing. This would represent an interval
spanning 0.6 m.y. (13.4-14.0 Ma).

The early Miocene-middle Miocene boundary, which
corresponds with the boundary between the Spheno-
lithus heteromorphus Zone and the Helicosphaera am-
pliaperta Zone, can be placed between Cores 21 and 22.

The top of the early Miocene Sphenolithus belemnos
Zone is drawn between Samples 459B-28-1, 42-43 cm,
459B-28-2, 102-103 cm at the first occurrence of S.
heteromorphus.

The Discoaster druggii Subzone of the basal Miocene
and late Oligocene Triquetrorhabdulus carinatus Zone
can be recognized in Samples 459B-35-1, 36-37 cm
through 459B-46,CC. A few reworked specimens each
of several early Oligocene and/or Eocene species occur
in Sample 459B-35,CC near the top of the subzone.

The remaining two lower subzones of the Triguetror-
habdulus carinatus Zone cannot be differentiated. Con-
sequently, the Miocene-Oligocene boundary, which co-
incides with the boundary between these two subzones,
cannot be precisely defined. This undifferentiated inter-
val of the T. carinatus Zone is present in samples of
Cores 47 and 48,

The late Oligocene Sphenolithus ciperoensis Zone is
recognized in Samples 459B-49-1, 8-9 cm through 459B-
54-2, 66-67 cm. The early late Oligocene Sphenolithus
distentus Zone is determined for Samples 459B-54-3,
83-84 cm through 459B-57,CC.

Sample 459B-58-1, 28-29 c¢cm can be placed in the
early Oligocene Calcidiscus formosa Subzone of the He-
licosphaera reticulata Zone. This would indicate a
hiatus of at least 4.5 m.y. (30.0-34.5 Ma) between Cores
57 and 58. Although the occurrence range of key age-
determining species extends into the Eocene, an Eocene
age is not considered for this sample because nanno-
plankton species limited in the occurrence to the Eocene
are not found in association.

Radiolarians

Radiolarians occur at the top of the sedimentary col-
umn and at various intervals separated by barren inter-
vals. Preservation and diversity are reasonably good
during the Quaternary, part of the middle and early
Miocene, and one zone of the Eocene. Nevertheless,
many species with stratigraphic importance are lacking.

Quaternary assemblages are abundant only in Core 1
of Holes 459 and 459B, where the Buccinosphaera in-
vaginata Zone is represented. In Hole 459B radiolarians
are sparse in Cores 2 and 3 and absent in Cores 4 and §;
Core 6 contains only sparse assemblages. None of these
lower cores contains age-diagnostic forms.

The core catcher sample of Core 7 contains an assem-
blage representing the late Miocene Ommatartus ante-
penultimus Zone. Radiolarians are sparse and nondiag-
nostic in Core 8 and barren in Cores 9 through 14.

In Core 15 assemblages are poorly preserved but con-
tain curved, flat spines of the genus Oroscena, which are
restricted approximately to the late middle Miocene
Cannartus petterssoni Zone in DSDP Leg 6 material
(Kling, 1971). Samples from Core 20 are above the top
of Calocycletta costata and in the interval of over-
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lapping C. laticonus and O. antepenultimus morpho-
types and probably are therefore in the C. petterssoni
Zone.

Core 21 represents the Dorcadospyris alata Zone.
Cores 22 through the top of Core 24 represent either the
same zone or the next earlier C. costata Zone, which is
clearly recognizable in the rest of Core 24 through the
top of Core 25.

The rest of Core 25 through Core 27 belongs to the
Stichocorys wolffii Zone.

No zone-diagnostic assemblages occur below until
the lowest two sediment cores (58 and 59). Core 58
assemblages belong to the latest Eocene Thyrsocyrtis
bromia Zone. Separated by an hiatus, Core 59 belongs
to the late Eocene Podocyrtis chalara Zone.

Foraminifers (V. A. Krasheninnikov)

Only rare, poorly preserved foraminifers are present
in samples from Site 459. Samples 459-1-1, 44-46 cm
and 459B-1-1, 50-52 cm through 459B-2-2, 50-52 c¢m
belong to the undifferentiated Quaternary. Rare benthic
forms are present in Samples 459B-20-1, 50-52 cm
through 24-2, 91-93 cm. Lower Miocene foraminifers
occur in Samples 459B-29-3, 21-23 cm through 459B-
43-1, 51-53 cm. Samples 459B-54-1, 81-83 cm through
459B-56-2, 64-66 cm can be assigned to the Oligocene
Globorotalia ciperoensis Zone and/or the G. opima
Zone.

ACCUMULATION RATES

For consistency through ages, nannoplankton dates
are used for calculation of accumulation rates, except
for Lithologic Units IV and V. The accumulation rates
are tabulated in Table 2, based on the accumulation
curve presented in Figure 8.

The overall rate at Site 459 is higher by a factor of
two than that at Site 458, which is geographically nearer
to the subaerial detrital source region, the Mariana arc,
The difference is easily explained by the abundance of
turbidites and occasional mass flows at Site 459 in
Lithologic Unit III (see Sediment Synthesis section for
discussion).

Table 2. Accumulation rates, Site 459,

Accumulation

Lithologic Rate Duration
Unit Core  (kg/cm2/m.y.) (Ma)
I 1-4 3.0 0-0.9
11 5-7 2.0 0.9-3.0
3.0-10.0 Hiatus
8-20 3.9 10.0-13.4
A 13.4-14.0 Hiatus
111 21-24 i 14.0-24.0
B 25-48
C 49-57 1.9 24.0-30.0
30.0-34.5 Hiatus
v 58 20.2 34.5-740.0
740.0-742.0 Hiatus
v 59 ?1.5 742.0-745.0
Vi 60
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Figure 8. Sediment accumulation (kg/cm?) versus age, Hole 459B.

Within Unit III, the accumulation rate increases up-
ward from 1.9 to 3.2 kg/cm2?/m.y. at about Cores 47
and 48 near the boundary of Subunits I1Ib and I1lc (be-
tween Cores 48 and 49). This change apparently cor-
responds to the the different nature of turbidites in the
respective subunits. Limestones and chalks are domi-
nant lithologies in the lower Subunit I1lc with its slower
rate, whereas volcaniclastic siltstones and sandstones
are dominant lithology in the upper subunit. The still
higher sedimentation rate of Subunit I11a (3.9 kg/cm?/
m.y.) may also have resulted from a higher supply rate
of volcanic detritus, as shown by the generally upward-
increasing abundance of ash in Subunit IIlc.

The rate in the late Pleistocene is unexpectedly high
(3 kg/cm?/m.y.). It is 1 kg/cm?/m.y. at Site 458 during
the same period. Because the composition of the late
Pleistocene sediments at the two sites does not differ
greatly according to smear slide examination (volcanic
ash 30-70%, calcareous biogenics; 20-40%, siliceous
biogenics 5-15%, detritus 10-30%, at both sites), the
higher rate at Site 459 may indicate enhanced biogenic
productivity and inflow of volcaniclastics.

Two Neogene hiatuses occur at the same general
times at the two sites. The younger is from 3 to 7 Ma at
Site 458 and although it ended at the same time at Site
459, it commenced 10 Ma. Middle Miocene hiatuses oc-
cur at both sites. They are both short and do not quite
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coincide. The break at Site 458 is from 12 to 13 Ma and
at Site 459 it is from 13.4 to 14 Ma.

SEDIMENT SYNTHESIS

Site 459 is about 157 km eastward of the active
Mariana arc axis (Site 457) and about 52.5 km westward
of the Mariana trench axis. The site was located on the
upper part of the slope of the Mariana Trench, above
the trench-slope break. The relative locations of pre-
vious sites in the Mariana arc-trench system are shown
on Figures 1 and 2. At Site 459 there was some anticipa-
tion that the drill might penetrate acoustically opaque
sediments belonging to the uppermost imbricate thrust
sheets of an accretionary prism.

The 559 meters of sediment at Site 459 are divided
into six units and contain several hiatuses, which have
already been described. These nondepositional and/or
erosional periods might be related to changes in bottom
currents and/or to the formation of significant slopes
and/or to tectonic instabilities.

The well-developed late Oligocene-early and middle
Miocene sediment sequence in Hole 459B indicates
downslope sedimentation in a basin. Common slump
features and massive flows occurring in the sequence
also indicate sediment transport along slopes. The Oli-
gocene-Miocene paleogeography might have been a
relatively deep basin at Site 459 with topographic highs
or wide drainage areas as sources of clastic materials
transported downslope by slumping and turbidity cur-
rents.

Comparison with Previous Sites

The sedimentary sequence at Site 459 belongs to the
Mariana arc-trench system and is clearly different from
the sequence drilled at Site 452 on the Pacific plate, east
of the Mariana trench axis.

It is possible to compare the sedimentary evolution
through the Cenozoic at Site 459 with that at Site 458,
which is located about 31 km to the west, on the same
transect:

1) The dominant characteristics of Site 458 are also
observed at Site 459, i.e., development of carbon-
ates, similar biogenic components (nannofossil chalks),
strong alteration of volcanic debris in older sandstones
and siltstones, and the occurrence of reworked material.

2) At Site 459 the series is mostly replaced by tur-
biditic sedimentation that invaded the sedimentary ba-
sin during the late Oligocene and the early and middle
Miocene; when detrital turbidites decrease at Site 459,
marly nannofossil chalks occur. This happens on quite
different scales: at the bottom and at the top of the
whole turbiditic sequence (Unit III) marly nannofossil
chalks are well expressed, and at the top of individual
turbidites burrowed marly nannofossil chalks are gener-
ally present.

3) Finally, the leading sedimentation in the basin
during the late Oligocene and early Miocene seems to
have been biogenic chalk; turbidites are superposed.
They episodically invaded a relatively quiet basin. Nev-
ertheless, Site 459 chalks have a high percentage of clay
(marly chalks), and mudstones are well developed. On
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the other hand, Site 458 had volcaniclastic sandy layers
interbedded in chalks, always thin, and without typical
and complete turbiditic sequences.

Sites 458 and 459 belonged to the same general pale-
oceanographic realm during the Cenozoic. Both sites
have an island-arc-type igneous basement shown as pre-
middle Eocene at Site 459 (quartz dolerite and basalt)
and as pre-early Oligocene at Site 458 (high-MgO bronz-
ite andesite and basalt). During the middle-late Eocene
and early Oligocene silicified claystone and claystone
were deposited, probably as a result of strong alteration
(subaerial? submarine?) of island arc volcanic products.
The turbidite regime began slowly during the early late
Oligocene, first giving calcareous turbidites with re-
worked large foraminifers (accumulation rate 1.9 kg/
cm?/m.y., Subunit 11Ic). In the late Oligocene and the
early Miocene, turbidites and slumps became general,
and volcaniclastics and clays increased markedly (ac-
cumulation rate 3.2 kg/cm2/m.y., Subunit I1Ib). Dur-
ing the middle Miocene (Subunit IIla) marly nannofos-
sil chalks increased in the turbidite sequence, yet with
still higher accumulation rate, 3.9 kg/cm2/m.y., giving
calcareous turbidites. These are generally thinner as in-
dividual turbidite sequences and have a finer grain size
than the underlying Subunit IIIb.

During the same period, nannofossil chalks and
oozes with thin interbedded ash layers were deposited at
Site 458.

The sedimentary evolution of Site 458 lacks the ma-
jor influence of turbidites when compared with Site 459.
Therefore the sources for detrital components may be
sought, at least partially, to the east (northeast to south-
east?) of Site 459. However, western turbidite sources
may also be considered, assuming Site 458 was a bathy-
metric high relative to its surroundings, so that the sedi-
ments bypassed the calcareous nonturbiditic sequence
existing at Site 458.

Major hiatuses occur during the late Miocene and the
early Pliocene (approximately between 10 and 3 Ma at
Site 459 and between 3 and 7 Ma at Site 458).

The Plio-Pleistocene sediment lithologies are rather
uniform at both sites: vitric siliceous and vitric calcare-
ous mud and ooze with abundant volcaniclastic mate-
rials and more abundant siliceous biogenic components
in the uppermost sediments. Plio-Pleistocene accumula-
tion rates were higher by a factor of three at Site 459.

Accumulation rates and the thickness of sediments
during the Oligocene and Miocene at Site 459 are about
two times greater than at Site 458. Dewatering traces,
resulting from compaction, are abundant. The accumu-
lation rates and thickness with the overall vertical evolu-
tion of turbidites (coarser at the bottom, finer at the
top) may indicate that active relative subsidence at Site
459 (or uplift of the source region) occurred during the
late Oligocene and early and middle Miocene. Alter-
natively, the pattern of sediment transport and deposi-
tion may have changed. The occurrence of extensive
normal faults and clastic minidikes in the sediments of
this age, however, implies vertical tectonic movement.
Based on the cores and the site survey geophysical pro-
files (Hussong and Fryer, this volume) near Site 459, the
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general tectonic regime seems to have been mainly ten-
sional since the late Oligocene in this upper part of the
Mariana trench-slope region.

GEOCHEMISTRY

Thirteen samples were taken for porewater chemistry
at Site 459, one in Hole 459, the rest in Hole 459B. The
results are given in Gieskes and Johnson (this volume).
Ca?* increases, and Mg2* decreases steadily to just
above basement (559 m sub-bottom), where it is almost
entirely depleted. Alkalinity drops sharply in the top-
most 50 meters of sediments to a fairly steady range of
0.5 to 1.0 meq/kg. There are modest reversals of the
Mg2+ and Ca?+ gradients just above basement that are
evidently a consequence of seawater contamination.
The major gradients are evidently produced by reaction
of pore fluids with the abundant volcanic glass in the
sediments, and perhaps with the basement.

IGNEOUS ROCKS

Lithology

Igneous rocks were cored at Hole 459B from 559 to
691.5 meters sub-bottom. The rocks recovered are mainly
fine to medium grained, clinopyroxene-plagioclase ba-
salts. Primarily on the basis of differences in grain size
and degree of crystallinity, four lithologic units were
delineated within the igneous section (Fig. 9). These are:

Unit I: 559-587.0 m; Cores 60 through 62. Generally
medium-grained aphyric, vesicular (x = 20 vol.%),
clinopyroxene-plagioclase basalts. Textures range from
intersertal to subophitic in all thin sections except Sam-
ple 459B-60-1, 44-47 cm), which has a spherulitic tex-
ture. Although crystalline phases are generally little
altered, the mesostasis of most samples is altered to
clays and palygorskite and is often substantially oxi-
dized (Natland and Mahoney, this volume). The frag-
ments recovered in the core contain very few penetra-
tive fractures or veins. Individual pieces are generally
bounded by rounded edges, unlike those of the lower
cores. The external surfaces of the pieces are commonly
free of clay coatings. This unit could represent a rela-
tively thick (i.e., 30 m) lava flow of which the upper
contact was not recovered or a sill intruded along the
sediment/basement contact.

Unit 2: 587.0-615.5 m; Cores 63 through 65. Fine-
grained, sparsely phyric, highly vesicular (x = 25 vol.
%), clinopyroxene-plagioclase basalts with low (i.e.,
10-20 vol.%) degrees of crystallinity. The vesicularity
of the thin-sectioned samples ranges from 10 to 35 vol.
%. As in Unit 1, the mesostasis in these rocks is largely
altered to clay minerals. This alteration extends to the
pyroxene microlites as well in the lower portions of the
unit. The fracturing observed in Cores 63 and 64 is gen-
erally similar to that observed in Unit 1, but Core 65 is
highly fractured by drilling. This unit probably repre-
sents a sequence of pillowed lavas, even though few pil-
low rinds were found.

Unit 3: 615.5-644.0 m; Cores 66 through 68. Me-
dium- to coarse-grained, sparsely vesicular, clinopyrox-
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BASALT/DIABASE - Medium grained, aphyric,
vesicular, intersertal to sub-ophitic, Topmost
piece fine grained with spherulitic texture.
Mesostasis of most samples altered to clays +
palygorskite + carbonate + Fe-hydroxides.
Unit could represent a thick flow or a sill.

BASALT - Fine grained, sparsely phyric, highly
vesicular, hyalopilitic clinopyroxene-plagio-
clase basalt, Mesostasis of most samples
altered to clay + palygorskite + carbonate
phillipsite. Pyroxene microlites also partly
altered. Fracture density greater than Unit |,
Unit probably represents sequence of pillow
basalt.

DIABASE - Medium to coarse grained, sparsely
vesicular, clinopyroxene-plagiociase diabase,
Similar to Unit | except for lower vesicular-
ity, coarser grain size and higher fracture
density. Micrographic intergrowths of quartz
and feldspar common, Celadonite a prominent
secondary mineral. Unit may represent a sill
intruded into finer grained basalts.

BASALT - Fine grained, sparsely phyric, mod-
erately vesicular, clinopyroxene-plagioclase
basalt. Similar to Unit |l except for its lower
vesicularity, higher degree of alteration and
greater fracture density. Phillipsite more
common as a secondary mineral, Unit ap-
pears to be a sequence of pillowed basalts
showing some evidence of tectonic rotation,

Figure 9. Lithology of igneous basement recovered in Hole 459B. Zones of normal and reversed polarity,
intensity of magnetization, and vesicle abundance are also shown.

ene-plagioclase diabase. These rocks are generally simi-
lar to those of Unit 1 except for their lower vesicularity
(0-10 vol.%), coarser grain size, and higher fracture
density. This unit may represent a sill intruded into the
finer-grained basalts.

Unit 4: 644.0-691.5 m; Cores 68 through 73. Fine-
grained, sparsely phyric, moderately vesicular (* = 15
vol.%) clinopyroxene-plagioclase basalt. This unit is
similar to Unit 2 except for its lower vesicularity, higher
degree of alteration, and greater fracture density. The
fracture density increases substantially with depth, and
zones of intense fracturing occur at several levels within
the unit. This unit also appears to be a sequence of
relatively thin flows of pillow basalt,

The mineralogy and textures of the thin-sectioned
samples are discussed in detail in the petrography sec-

tion. Several points of general significance will be
discussed here.

An important mineralogic feature of these basalts
is their lack of orthopyroxene as a phenocrystic or
groundmass phase. This distinguishes them from the
volcanic section drilled at Site 458 just 30 km to the
west.

Another important feature of these rocks is the oc-
currence of micrographic intergrowths of quartz and
feldspar in the mesostasis of the diabasic rocks in Unit
3. Intergrowths of this type are a common feature of
diabase sills and imply a slow cooling history for the
body in which they occur. This would suggest Unit 3 is a
sill and not a “‘thick’’ (i.e., 30-m) flow. Other data also
favor a sill interpretation, including (1) the low mag-
netic intensities of Unit 3 rocks (see Bleil, this volume),
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(2) the constancy of grain size with depth within the
unit, (3) the restriction of vesicles to the upper and lower
portions of the unit, and (4) the lack of chilled (i.e.,
glassy) flow tops. A pillow fragment found in Core 67,
Section 2, appears to have been displaced from higher
levels in the hole.

Vesicles occur in most of the basalts at this site. The
approximate vesicle volumes in rocks that were thin sec-
tioned are given in Figure 9. Clearly the fine-grained
units are more vesicular than the diabasic units. If only
the fine-grained flow rocks are considered, vesicularity
appears to decrease with depth, although this is ob-
viously only a first-order approximation. The variation
in vesicularity within each of the fine-grained flow units
suggests the existence of separate flows, each with a
vesicular top and a less vesicular interior.

Trains of vesicles are evident in numerous fragments
within Units 2 and 4. The orientation of these vesicle
trains relative to the vertical plane varies from zero
(Core 69, Section 3) to 90° (Core 65, Section 1), often
showing angular differences of up to 45° within a single
core. If it is assumed that these features formed at near-
horizontal orientation, these angles would suggest sub-
stantial postdepositional rotation of rocks within the
units. At present, the cause and timing of such rotations
are not known.

As noted, the fracture densities in the basement rocks
cored at this site generally increase with depth. The frac-
tures are generally at high angles to the horizontal plane
(50-70°), although in actuality a wide range of angles
occur, The fact that the fracture surfaces are generally
coated with clays and other secondary minerals, which
could only have formed before the rocks were drilled,
makes it clear that most of the fractures developed in
the larger fragments predate the drilling event. The oc-
currence in the lower parts of the hole of drilling “‘rub-
ble”” and pea-sized drilling breccias with clay-coated
surfaces suggests these rocks were penetratively frac-
tured or strained at some point in their history with the
ubiquitous development of clay minerals along the
strain directions.

Petrography

Unit 1: Cores 60 through 62

The rocks from the upper portion (from Section 60-1
to the lower part of 60-2) of Unit 1 are fine-grained ba-
salts. They vary in texture from spherulitic to microlitic
and intersertal. Although there is some unaltered glass
present in the mesostasis, most of it is devitrified or
totally altered to brown clays. Plagioclase varies in
abundance from 15 to 50% in these rocks and occurs in
spherulitic patches or lath-shaped microlites and skel-
etal crystals. Fe-Ti ore is present in minor amounts as
tiny euhedral, or skeletal crystals. The rocks are quite
vesicular (3-45%) with small 0.1-4.0 mm), irregular-
shaped vesicles scattered throughout the groundmass.
These are lined with brown or orange clay minerals and
iron hydroxides. In addition, carbonate is present in
vesicles in the lower part of Section 60-1 to the middle of
60-2, and zeolites are present in the middle of 60-2.

322

s

The grain size of the rocks generally increases with
depth in the unit. Diabases occur from the lower part of
Section 61-1 through Core 62. Plagioclase is abundant
(57-67%) throughout the coarse-grained portion of the
unit and occurs as lath-shaped crystals of labradorite.
Pyroxene is quite variable in abundance (7-38%) and
appears to be augite to subcalcic augite in composition.
The pyroxene is slightly zoned with increasing extinc-
tion angle toward rims. Fe-Ti oxides occur in minor
amounts (1-3%), but individual crystals are as large as 1
mm and are generally skeletal in form (acicular in inter-
sertal patches). The diabases contain some interstitial
glass, most of which is either devitrified or totally
altered to brown clays. Zeolites are present as small ra-
dial patches in vesicles of the diabase in the lower part
of Section 61-1. The rocks are generally less vesicular
(13-15%) and the vesicles are very small and irregular in
shape. The estimate of the volume of vesicles in the
rocks may be somewhat low, since most of them are
lined with or entirely filled by secondary minerals
(brown clays, carbonate, and in one instance zeolite).

Unit 2: Cores 63 through 65

The rocks of Unit 2 are glassy, aphyric basalts. The
glass makes up 25 to 90% of the rocks and is generally
altered to brown or green smectite, palygorskite, and
iron hydroxides (Natland and Mahoney, this volume).
The texture of the rocks varies from spherulitic to hyal-
opilitic with microlites or skeletal laths of acicular pla-
gioclase making up 3 to 20% of the rock and very small
granular pyroxene making up 3 to 15% of the rocks.
Very minute grains of Fe-Ti oxides (1-3%) are scattered
throughout the mesostasis of the rocks. Secondary
minerals in these rocks are brown clays and minor zeo-
lites. No carbonate occurs in these rocks. Vesicles make
up to 10 to 35% of the rock volume. They are small, less
than 1.0 mm and ranging to 5 mm in diameter, and ir-
regular in shape. They are scattered throughout the
groundmass and are lined or occasionally completely
filled with brown clay and zeolite (zeolite only in Cores
63 and 64). Green clays occur as pseudomorphs after
pyroxene in Sample 459B-65-1, 58-60 cm.

Unit 3: Cores 66 through 68

The rocks of this unit are coarser-grained than Unit
2. Although similar petrographically to the diabase of
Unit 1, quartz occurs in the diabase of Unit 3. The rocks
have subophitic to intersertal texture and contain quartz
and alkali feldspar micropegmatitic patches. The rocks
contain no phenocrysts and are made up of labradorite
(30-60%) and clinopyroxene (10-15%) that ranges from
augite to subcalcic augite in composition. The pyroxene
grains are zoned slightly with maximum variation in 2V
of about 5° (decreasing from about 45 in the cores to 40
in the rims). Fe-Ti oxides vary in abundance from 2 to
7% and occur as small (0.1 mm) euhedral crystals and as
larger (up to 0.4 mm) skeletal forms. There are rare
needle-like crystals or crystal aggregates of Fe-Ti oxides
in the finer-grained portions of the groundmass. These
occur most frequently near vesicles. The vesicles in these
rocks are sparse (1-15%) and small (0.1-2.0 mm), ir-
regular in shape and scattered throughout the ground-



mass. As in the previous units the vesicles are lined or
completely filled with secondary minerals (blue green
celadonite, trioctahedral smectite, mixed layer clays;
Natland and Mahoney, this volume). Carbonate is ab-
sent. The same secondary minerals are present in the
mesostasis (which comprises 10 to 30%) of these rocks,
as alteration products of glass. Very small amounts of
brown, nearly fresh glass are present in almost all of the
thin sections, but generally the mesostasis is completely
altered. The grain size of the rocks from the bottom of
the unit is slightly less than that of the diabase higher in
the unit. The glass content of the sample from Section
68-1, 23 cm is very high (53%), although it is extremely
altered. This rock may be close to a cooling boundary of
the unit.

Unit 4: Cores 68 through 73

The rocks of Unit 4 are fine-grained aphyric to
sparsely microphyric basalt that is heavily altered to
clays and zeolite with minor carbonate as vein fillings.
The rocks have hyalo-ophitic, hyalopilitic, and inter-
sertal textures. The microphenocrysts, which occur only
very rarely in these rocks, are either plagioclase (elon-
gate crystals or labradorite showing some resorption
and either normal or oscillatory zoning) or pyroxene
(anhedral to subhedral grains). The groundmass of the
rocks is composed of lath-shaped and skeletal plagio-
clase crystals (roughly 30% of the rock volume) and
granular pyroxene (20% rock volume). Disseminated
throughout the groundmass are small (0.01-0.13 mm)
crystals of Fe-Ti oxides, either euhedral or skeletal. Oc-
casionally there are fine needle-like oxides which seem
to be concentrated in patches of finer-grained ground-
mass surrounding vesicles. Generally the vesicles of
these rocks are small (0.01-0.5 mm), scattered through-
out the groundmass, and irregular in shape. They occa-
sionally show alignment as described in the previous sec-
tion. The vesicles are commonly lined or filled with
dioctahedral smectite (the brown clays occur in Samples
459B-71-1, 30 cm and 459B-71-2, 15 cm), mixed layer
clays (Sample 459B-73-1, 6 cm), and phillipsite (Natland
and Mahoney, this volume). The phillipsite occurs as
radiating patches on the vesicle walls and in the meso-
stasis of the rocks. Secondary vein fillings in these rocks
are primarily clays, but in the upper portion of Sample
459B-71-2 (15 cm) carbonate is present as a vein filling.

The mesostasis of the rocks is composed of abundant
glass, most of which is altered to green and brown clays.
There is some relatively fresh glass present in some of
the rocks, but in general that glass which is not totally
altered is at least somewhat devitrified.

Alteration

All of the igneous rocks recovered at Site 459 show
some degree of alteration. In general, the extent of alter-
ation depends on the rock texture, since their glassy or
devitrified mesostasis is the most unstable component.
In some cases the alteration also affects the groundmass
microlites, but it very rarely affects the relatively well-
developed crystal phases. The degree of fracturing of
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the rocks is another factor with which the intensity of
alteration is positively correlated. The dominant altera-
tion products are clay minerals and palygorskite, al-
though carbonate, phillipsite, Fe-hydroxides, and opal
are present locally (Natland and Mahoney, this vol-
ume). Palygorskite occurs only in veins.

Clay minerals replace from 10 to 70% of the rock
volume and are spread throughout the igneous section.
They are green or brown and are predominantly diocta-
hedral smectites and mixed-layer clays. Colorless vari-
eties were detected only in the uppermost part of Litho-
logic Unit 1. K-Fe smectites are pale brown and usually
associated with Fe-oxyhydroxides. They are more abun-
dant higher in the basement section. Replacing glassy
material in the rock mesostasis, clay minerals form cha-
otic masses and sometimes nearly opaque aggregates
when they are intermixed with magnetite, Fe-oxyhy-
droxides, and remnants of the original minerals or glass.
Spherulitic or oolitic textures are characteristic of clay
aggregates filling vesicles. The latter are more crystalline
and may represent partial recrystallization to mixed-
layer clays. A dark green clay appears in pseudomorphs
after pyroxene microphenocrysts in thin sections in
Sample 459B-65-1, 58-60 cm.

Carbonate occurs within several zones randomly lo-
cated along the cored interval. Usually it fills the veins
and vesicles together with clay minerals and is rarely ob-
served replacing matrix minerals.

Zeolites (mainly phillipsite) are present in low abun-
dance. They usually form small (up to 0.1 mm) radial
clusters attached to vesicle walls and are usually covered
with rinds of green smectite. They are located mainly in
the lower part of the penetrated sequence (Cores 68-71),
but phillipsite also occurs in some thin sections above
and below this zone.

In the rocks of Unit 3 which have interstitial quartz-
feldspar intergrowths, some of the quartz grains are
connected with vesicles and the clay aggregates (largely
celadonite) filling them. These grains may be considered
recrystallized and secondary. Some of the quartz in the
mesostasis may also be secondary. Quartz does not oc-
cur in other rock types.

In Cores 60 and 61 there are a number of pieces with
alteration/oxidation features which resemble Liesegang
rings. Their origin is problematic. At several horizons
within the cored sequence, tan bands of altered basalt
occur which appear to be oxidized/altered equivalents
of the olive gray basalts above and below them.
Whether or not these bands are related to flow tops or
bottoms is not clear.

Igneous Rock Chemistry

Combining the data of Wood et al., Bougault et al.,
and Sharaskin (all in this volume), the igneous rocks of
Hole 459B can be divided into two major chemical types
and seven subtypes (Fig. 10). All are basalts with the
geochemical characteristics of island arc tholeiites—
namely, low TiO, (0.67-1.11%) and Zr (36-75 ppm)
despite high SiO, (51.1-58.6%) and moderate to high
enrichment in iron (TFe,O; range 9.83-13.63%). Wood
et al. (this volume) observe a depletion in Ta relative to
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La and Th. Despite the low Ti and Zr, Bougault et al.
(this volume) observe that these elements and Y are
more enriched than geochemically similar rare earth
elements compared with seafloor basalts. Hickey and
Frey (this volume) note the light rare earth element de-
pletion of the basalts and the exceptionally low rare
earth element abundances in some of them (2-6 X chon-
drites) compared with mid-ocean ridge basalts. All of
these geochemical features imply that obducted ocean
crust from the Pacific Plate was not cored at this site
near the eastern edge of the Mariana fore-arc region.

The two major chemical types can be distinguished
primarily on the basis of TiO, and trace elements. The
principal division occurs between Cores 64 and 65,
within Lithologic Unit 4 (Fig. 10). Above this division,
there are two chemical types, B,, and B,z, both with
low TiO, contents (0.62-0.83%) and moderately high
Ni (43-68 ppm) and Cr (56-159 ppm). Subtype B, cor-
responds to Lithologic Unit 1, a single flow or intrusive
body 28.5 meters thick. Below Core 64 are five very
similar but nevertheless distinct chemical subtypes (B~
B,g) in increasing order of depth (Fig. 10). Compared
with the two B, subtypes, these have generally higher
TiO, (up to 1.21%), and considerably lower Ni (11-24
ppm) and Cr (14-55 ppm). Both principal Types B, and
B, are mostly quartz normative, but Type B, basalts in-
clude some samples with quite high normative quartz
(up to 9.9%). Cores 66 and 67 (Lithologic Unit 3,
Chemical Subtype B,p), where samples have high nor-
mative quartz, contain rocks with the quartz-alkali feld-
spar micrographic intergrowths mentioned earlier.

Despite the general contrast between Types B, and
B,, which broadly represent a trend of iron, silica, and
incompatible trace element enrichment as MgQ de-
creases, the subtypes do not appear to represent a single
“‘liquid”” line of descent. Subtype B, 4, for example, has
3 to 4% lower MgO than Subtype B,g, despite higher Ni
and Cr. It has lower TiO, and Zr but higher SiO,. In
fact, it differs very little geochemically from the Type
A, high-MgO andesites of Site 458, 31 km to the west.
Evidently, the same type of compositional and/or melt-
ing variations occurred in the mantle source of lavas at
both sites, although perhaps to less of an extreme be-
neath Site 459,

The “‘fractionated” B, subtypes all evidently had
parental compositions similar to Subtype B, but in
these subtypes different levels of TiO, and Zr enrich-
ments occur at comparable MgO and Ni abundances.
The single sample analyzed of Subtype B, has the high-
est TiO, and TFe,0; of all Site 459 samples analyzed,
yet it has the lowest SiO, of all the B, subtypes. The
simplest interpretation of these variations is that dif-
ferent fractionation trends, and probably slightly but
distinctly different parental compositions, were in-
volved. Wood et al. (this volume) argue that a mantle
phase such as rutile or sphene retained Ti, Ta, and Nb
during melting of magmas parental to these arc tholei-
ites. But they did not reconcile this with the general rela-
tive enrichment of Ti (and Zr) compared with rare earth
element abundances observed by Bougault et al. (this
volume) or with the general highly fractionated compo-
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sitions of the basalts, which indicate that most do not
represent melt compositions. The lavas are highly vesic-
ular and have extremely high intensities of magnetiza-
tion (Fig. 9). This suggests that conditions of elevated
water and oxygen partial pressures may have enhanced
the stability of titanomagnetite in the lavas (e.g., Os-
borne, 1959, 1962). Varying the extent of the fractiona-
tion of this mineral along with the primary silicate
phases could explain the variable abundances of TiO,
and SiO, among the Type B, basalts and perhaps some
of the other geochemical ‘‘anomalies’’ of these lavas as
well. How early in a fractionation sequence such an ef-
fect might occur is difficult to say, but we note that the
TiO, abundances of the most primitive (highest MgO)
Site 459 basalts (Subtype B,) are not particularly lower
than in @/l mid-ocean ridge basalts with comparable
MgO (e.g., FAMOUS area basalts from the Mid-Atlan-
tic Ridge; Langmuir et al., 1977; Bryan, 1979, and
Costa Rica Rift basalts; Srivastava et al., 1980; Fodor et
al., 1980; CRRUST, in press).

The effect of alteration on these basalts has been con-
siderable, but the geochemical effects are difficult to
evaluate systematically. There are about 50% variations
in K,O and twofold variations in Rb within individual
chemical subunits in the upper half of the cored base-
ment section, where oxidative alteration is most promi-
nent. In the lower part of the basement section, these
variations are much less marked. The two most promi-
nent secondary minerals in the finer-grained basalts are
(1) palygorskite in the upper part of basement and (2)
dioctahedral smectite, probably saponite, in the lower
part of the hole. Both are Mg-rich secondary minerals.
Within chemical subtypes, MgO can vary by as much as
1% by weight, but in some samples, reduced MgO cor-
relates with enrichment in K,O, implying that K-rich,
Mg-poor clay minerals have partially replaced the rock.
Needless to say, alteration effects can make quantitative
evaluation of primary geochemistry difficult indeed.

PALEOMAGNETISM

We took sediment cores suitable for paleomagnetic
study (109 samples from Cores 1-57, Hole 459B), en-
compassing the last 30 m.y. and obtained a polarity re-
versal pattern in general agreement with the established
paleomagnetic time scale since the early Oligocene. The
stable inclination of the sediments is shallower deeper in
the hole, indicating a northward movement of the site
during the Cenozoic. For the igneous rocks (26 samples)
from Hole 459B, there is a clear correspondence be-
tween lithologic and magnetic units. The stable inclina-
tions of the igneous rocks are also shallow and of mixed
polarity (Fig. 9). For more complete exposition of these
points, 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 Hole 459B. The measurements are tabu-
lated in Table 3. Velocity-density parameters are plotted
against depth in Figure 11.
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Table 3. Velocity-density measurements, Site 459.

Sample Sound
Core, Section,  Depth  Velocity
Interval (cm) {m}) (km/s)
1-1, 105-107 1.08 1.55
1-2, 85-87 2358 1.54
1-3, 101-103 4.01 1.55
1-4, 92-94 5.42 1.56
1-5, 42-44 6.42 1.57
2.1, 112-114 B.62 1.55
2.2, 41-43 9.41 1.56
2-3, 30-32 10.80 1.56
24, BO-82 12.8 1.60
2-5, 20-22 13.7 1.60
6-1, 4-7 45.54 2.02
6-1, 110-112 46.60 1.59
6-2, 52-54 47.52 1.62
6-3, 70-71 49.20 1.82
6-3, 106-108 49.56 1.57
64, 72-74 50.72 1.66
8-1, 63-65 65.13 1:52
9-1, 65-66 T4.65 1.82
-1, 48-50 93.48 1.83
11-2, 49-51 94,99 1.87
12,CC, 11-12 102.61 1.67
13-1, 2-4 112.02 1.76
14-1, 37-40 121.87 217
14-1, 94-96 122.44 1.70
15-1, 137-140  132.37 1.76
15-2, 132-135  133.82 1.72
17-1, 13-17 150.13 1.81
19-1, 11-15 169.11 1.70
20-1, 83-84 179.33 1.69
21-1, 19-21 188.19 1.57
22-1, 37-38 197.87 1.61
24-1, 26-28 216.76 1.66
24-2, 43-45 118.43 1.76
25-1, 15-17 226.15 1.78
25,CC, 16-18  230.99 1.75
26-1, 15-18 235.65 1.91
27-1, 58-61 245.58 1.85
27-5, 28-30 251.28 1.98
28-1, 16-19 254,66 1.95
28,CC, 16-19  259.16 212
29-1, 2-6 264.02 1.97
29-2, 7-9 265.57 2,02
30-2, 53-56 275.53 1,75
304, 86-88 278.86 1.81
31-1, 56-58 283.56 1.94
32-1, 3-9 292.53 1.73
32-2, 35-36 294.35 1.79
33-1, 122-124 30322 1.84
34-1, 14-16 ill.64 1.83
34-2, 74-76 313.74 1.80
35-1, 11-16 32111 1.73
35-2, 71-13 323.21 1.75
36-1, 23-29 330.73 1.81
36-2, 12-14 3.2 .77
36,CC, 11-13 33376 1.76
37-1, 14-16 340.14 1.85
3841, 11-13 349.61 1.83
39-1, 106-111  360.06 1.713
40-1, 7-9 368.57 1.86
42-1, 80-82 I8R.30 1.93
42-2, 37-40 389.37 1.75
43-1, 130-132  398.30 1.9
44-1, 28-30 406,78 1.97
45-1, 17-19 416.17 220
46-1, 30-33 425.80 1.98
47-1, 40-43 4354 1.74
48-1, 80-82 445.30 2.03
49-1, 6-8 454.06 1.88
50-1, 137-139 464,87 1.87
50,CC, 15-17  467.93 1.76
51-1, 7-9 473.07 1.68
52-1, 22-24 482,72 1.83
521, 131-133  483.8) 1.73
53-1, 63-65 492.63 1.66
53.3, 55-57 495.55 1.92
54-1, 143-145 502,93 2,20
55-3, 31-13 514.31 2.42
554, 58-60 516.08 124
56-1, 143-145 521,93 2.41
56-2, 90-92 522.90 1.36
564, 45-48 525.45 1.83
564, 89-90 525.89 1.82
57-2, 94-96 532.44 1.75
57-3, 72-74 53372 2.2
S8-1, 106-108  540.56 1.83
59-1, 65-66 549.65 318
59-1, 134-136  550.34 1.77
60-1, 124-126  559.74 378
60-2, 30-32 560.30 161
61-1, 99-101 568.99 4.42
61-2, 65-69 570.15 4.43
62-1, 46-50 577.96 4.40
64-1, 28-30 596.78 340

Wet

(g/emd)  (g/emd s x 105)

GRAPE Wet
Wet Bulk Water Bulk
Dcnsilga Content?  Porosity®  Density?
{g/em?) (%) (%)
45.5 68.9 1.55
42.6 66.6 1,60
53.2 75.1 1.45
522 T4.6 1.46
1.42 51.2 77.8 1.39
1.51 51.5 738 1.47
40.1 65.0 1.62
1.51 5009 737 .48
1.52
429 65.3 1.56
1.46 52.8 74.3 I.44
1.55
1,73 i9.2 62.7 1.64
4.1 57.1 1.71
1.68 36.5 60.2 1.69
1.68 36.3 60.5 L
1.79 315 54.2 1.76
1.62 359 585 1.67
1.98
1.59 4.4 68.0 1.57
1.68 3713 60.5 1.66
1.5
1.62
1.66 4.6 58.3 17
1.64 40.6 64.2 1.62
| Py - 34.0 573 1.73
1.52 43.1 64.9 1.54
1.73 3.2 56.5 1.74
1.84 0.6 5.1 1.78
1.82 ile 54.0 1.75
1.74 330 56.1 1.74
1.80
1.79 n.s 531 1.79
1.74 36.1 60.2 L7
1.85
1.78
1.78 324 56.5 1.78
1.59 44.7 68.5 1.57
1.58 453 68.8 1.56
1.80 338 58.0 1.76
1.66
1.79 324 55.1 1.74
1.66 337 557 1.70
1.90 23.0 41.5 1.89
1.67 354 57.1 1.65
1.70
1.68 5.8 57.8 1.65
1.81
1.67 377 6.0 1.63
1.78 31.5 532 1.73
1.73 119 516 1.72
1.74 37 53.2 1.72
1.66
1.68 38.5 6l.4 1.63
1.81 1.0 539 1.7
1.91 26.2 48.2 1.88
25.6 47.1 1.89
8.7 61.3 1.63
29.6 1.0 1.76
1.73 149 58.1 1.1
1.69 36.2 58.9 1.67
1.97 229 434 1.94
1.68 371 60.9 1.68
1.54 444 67.2 1.55
1.80 304 53.5 1.80
1.64 334 54.9 1.68
1.73 0.4 51.5 1.73
1.56 43.5 67.2 1.58
1,70 33 54.7 1.68
1.75 328 54.8 L7l
1.98 239 453 1.94
2.30 12.3 274 2.27
2.11 18.4 174 2,08
2.32 12.0 26.8 2.28
2.28 14.0 30.3 2.22
1.93 263 48.8 1.90
1.93 26.5 49.2 1.50
1.80 329 51.0 1.87
2.04 200 40.0 2,08
1.52 43.9 65.9 1.54
2.11 12.4 25.7 213
1.91 26.4 49.0 1.90
2.50 8.6 21.0 249
2.38 12.4 29.0 2.40
2,62 6.3 16.0 2.59
2.64
2.67
2.38 12,7 29.1 2.34

Acoustic
Impedance

2.39
248

2.26
2.28
222
235
3.27
235
2.46

2.26
2.57
2.49
ENY

320
2.94

4.30
.67
.92

Ny
2.75
9
2.54
.79
2.56
.06
37
06
332
333
1.54
333
9
151

2.75
2.82
341
2.87
in
13
346
297

2.89
3.28
2.89
RN
318
315
2.87
3.03
342
29
176
3.21
1.87
339
29

ENT
190
3.17
282
317
272
.79
3128
4.27
5.49
4,66
5.49
5.24
348
346
327
4.55
2.82
6.77
336
G941
B.66
1.4
1.7
1.7
7.96

Rock Type
Mud
Mud
Mud
Mud
Mud
Mud
Mud
Mud
Mud
Mud
Mudstone
Mud
Mud
Mudstone
Mud
Very stiff mud
Mud
Mudstone
Mudstone
Mudstone
Sandy volcanic ash
Vitric marly chalk
Vitric mudstone
Vitric mudstone
Marly chalk
Marly chalk
Vitric marly chalk
Mudstone
Marly chalk
Chalk
Marly vitric chalk
Marly chalk
Marly chalk
Vitric mudstone
Siltstone
Vitric marly chalk
Vitric mudstone
Marly chalk
Mudstone
Siltstone
Mudstone
Mudstone
Mudstone
Mudstone
Vitric mudstone
Vitric mudstone
Sandy vitric tuff
Muddy vitric tuff
Muddy vitric tuff
Vitric mudstone
Vitric mudstone
Mudstone
Sandy vitric tuff
Vitric mudstone
Sandy vitric wff
Sandy vitric tuff
Vitric mudstone
Siltstone
Mudstone
Silty vitric tuff
Sandstone
Siltstone
Mudstone
Vitric mudstone
Sandstone
Mudstone
Vitric marly chalk
Mudstone
Mudstone
Marly chalk
Silty chalk
Vitric marly chalk
Siliceous claystone
Vitric siltstone
Marly chalk
Marly limestone
Nanno limestone
Nanno imestone
Foram-nanno limestone
Foram-nanno limestone
Claystone
Claystone
Claysione
Marly limestone
Silty mudsione
Chert
Claystone
Basalt
Basalt
Basalt
Basalt
Basalt
Basalt




Table 3. (Continued).

SITE 459

GRAPE Wet Wet

Sample Sound  Wet Bulk  Water Bulk Acoustic
Core, Section,  Depth  Velocity  Density?  Content®  Porosity®  Densityd Impedance
Interval (cm) (m}) (km/s) (g/emd) (%) (o) g/emd)  (g/eml s x 105) Rock Type
65-1, B4-86 606.84 2.52 .14 19.5 40.6 2.13 537 Altered basalt
66-1, 45-48 615.95 383 .54 8.2 20.1 2.52 9.65 Basall
66-2, 61-63 617.61 2.87 238 12.7 29.5 237 6.80 Altered basalt
67-1, 104-106 626,04 n 2.57 7.1 17.8 2.55 9.49 Basalt
68-1, 35-37 634.85 2.73 244 10.2 4.0 2.41 6.58 Basalt
69-1, 126-128  645.26 345 235 12.2 276 232 8.00 Very altered basalt
69-2, 28-32 645.78 - 2.28 Alered basalt
70-1, 43-45 633.93 34 .33 13.0 9.3 231 7.25 Altered basalt
70-1, 89-90 65439 2.74 2.3 13.6 30 233 6.38 Very altered basalt
71-1, 75-17 663.75 3.09 240 12.9 9.9 237 7.32 Alered basalt
Tl-1, 134-136 664,34 29 2.40 1.4 26.6 2.39 7.86 Altered basalt
71-2, 29-3) 664.79 344 243 10.8 25.2 2.39 8.22 Altered basalt
72-1, 26-28 672.76 2.84 2.25 16.7 64 2:.22 6.30 Very altered basalt
73-1, 6-9 682.06 2.68 237 6.35 Altered basalt
733, 121-124  686.21 2.69 2.33 15.4 19 2.26 6.08 Altered basalt
2 From 2-min. counts.
b Salt-corrected.
€ Porosity = (salt-corrected wet-water content) = [wet-bulk density (gravimetric)]/1.025.

d Gravimetric method.

Sonic Velocity

Sonic velocities for the vertical direction were meas-
ured in the Hamilton Frame. The first 8 cores, to 74
meters depth, were unlithified except for some minor
bands in Core 6. These minor lithified bands give rise to
the spike in the velocity-depth curve at 45 meters. A
wide range of rock types was recovered from the lithi-
fied part of the sedimentary column, ranging in grain
size from claystones to sandstones and in composition
from calcareous to siliceous to vitric ash, but predomi-
nantly mixtures of these three components. The plot of
velocity against depth (Fig. 11), although showing an
overall trend of increasing velocity with depth, also
shows a large-scale waviness which may be related to
comparable changes in composition or grain size. For
example, the low velocities encountered at about 200
meters depth were all measured in chalks. However, it is
difficult to understand why the small peak in the veloc-
ity-depth plot occurs at about 260 meters.

Toward the base of the sedimentary column, from
about 500 to 525 meters, limestones were recovered with
velocities in the range 2.20 to 2.42 km/s. The only rocks
with higher velocities in the sedimentary column were
cherts, two thin bands of which were found just above
the igneous basement at about 550 meters depth. One of
these cherts gave a velocity of 3.18 km/s.

Sonic velocities in the basalts, all of which were
altered to some degree, ranged from 2.52 to 4.43 km/s.
The overall trend was for the sonic velocity to decrease
with depth, probably reflecting the greater degree of
alteration of the deeper rocks.

Density, Porosity, and Water Content

Wet bulk densities were determined by 2-minute
GRAPE counts on the same parallel-sided chunks for
which velocity determinations had previously been
made. A proportion of these samples were then sub-
jected to gravimetric measurement of density, water
content, and porosity. Although the density-depth plot
shows more scatter than the velocity-depth plot, it
reflects some of the features of the latter. The shallow

peak in the velocities at 260 meters also appears to be
present in the density plot. The highest densities in the
sedimentary rocks occur in the limestone between 500
and 525 meters sub-bottom. These range from 1.9 to 2.3
g/cm3, The top part of this limestone formation was
reached by the Gearhart-Owen density log, yielding a
density of 2.02 g/cm? and placing its upper contact at
504.5, 506.0, and 504.2 meters sub-bottom on three
consecutive passes of the tool. Subsequent logs failed to
reach this depth because the hole was gradually filling
up.

The densities of the basalts ranged from 2.1 to 2.6
g/cm3, showing an overall tendency to decrease with
depth (Fig. 11). Sonic velocity and density show a rea-
sonable correlation (Fig. 12), though not so marked as
for Hole 458.

The porosities of the basalts ranged from 16 to 41%.
The highest porosities were clearly associated with the
most altered samples. It is likely that some of this
porosity is not real but due to water being driven from
clay minerals while drying for 24 hours at 110°C. The
best indication of the initial porosity of the basalts is
therefore the minimum observed—about 16%.

Thermal Conductivity

Thermal conductivities of both sedimentary and ig-
neous core samples recovered from Hole 459B were
measured and a thermal conductivity profile was con-
structed to a sub-bottom depth of 690 meters. The data
show that the increase of sediment thermal conductivity
with depth is very gradual—i.e., 0.18 mcal/cm s °C/100
m. Below 511 meters, however, some lithified sedi-
ments, mostly limestone, show an unusually high ther-
mal conductivity, an average of 11 samples being 5.32
+ 0.24 mcal/cm s °C. Data also show a remarkable
correlation between the thermal conductivity of base-
ment rocks and their lithology. For a detailed synopsis
of these results, see Horai (this volume).

Heat Flow

Heat flow estimated from one sediment temperature
measurement at 64.5 meters sub-bottom depth in Hole
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Figure 11. Sonic velocity and density of sedimentary and igneous
samples plotted versus depth, Hole 459B.

459B is 0.7 HFU. Owing to a change in recorded tem-
perature during the measurement, however, this value is
not very reliable, Water temperature in the hole, meas-
ured at various subsequent stages of drilling and during
Gearhart-Owen logging, showed the effect of drilling
disturbance but could be correlated enough to help sub-
stantiate the calculated heat flow value (Uyeda and
Horai, this volume).

SUMMARY AND CONCLUSIONS

Site 459 is on the easternmost edge of the thickly sedi-
mented fore-arc basin just above the Mariana trench-
slope break. The main objective of drilling at this site
was to investigate the sedimentary history of the fore-
arc region and the nature of its basement. We hoped
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also to learn more about the volcanic and tectonic his-
tory of the Mariana arc-trench system.

The site was located where the Glomar Challenger
air-gun profile showed well over 300 meters of sedi-
ment. Three holes were drilled at Site 459. The first
failed because of mechanical failure, and the second was
a washdown pilot hole in the event of re-entry.

A total of 691.5 meters of sediments and igneous
rocks was cored in Hole 459B. This included 559 meters
of sediments in 6 lithologic units, and 132.5 meters of
igneous rocks in 4 lithologic units. The igneous rocks
are mainly fine- to medium-grained vesicular clinopy-
roxene-plagioclase basalts.

Well-developed late Oligocene and early and middle
Miocene turbidite sequences attest to rapid sedimenta-
tion and significant topographic relief in the area of Site
459 during those epochs. The environment seems to
contrast with that near Site 458 (which is 670 m shal-
lower and about 31 km to the west, closer to the Mari-
ana arc). At the latter, nannofossil chalk and oozes with
thin ash layers were deposited during the same period.
Accumulation rates of sediments during the Oligocene
and Miocene at Site 459 are about twice as high as at
Site 458.

Sites 458 and 459 belonged to the same general pale-
oceanographic realm during the Cenozoic. Both have
island-arc-type igneous basement which is at least pre-
middle Eocene at Site 459 and early Oligocene at Site
458, No substantial turbidites were recovered at Site
458, If the source of the dominant turbidites at Site 459
was the volcanic arc to the east, then one must argue
that these turbidites somehow bypassed the intervening
Site 458. Alternatively, a much closer source of tur-
bidites may have influenced sedimentation at Site 459.
In either case, large relative subsidence of Site 459 or
uplift of its turbidite source regions during the late
Oligocene as well as in the early and middle Miocene
may explain fluctuations in sediment accumulation rate
at the site. Extensive normal faulting and clastic mini-
dikes in the cores from the same period further indicate
that the fore-arc regional stress pattern was dominantly
tensional.

As at Site 458, it is important to note that both the
sediments and igneous rocks in Hole 459B show many
signs of small-scale disruption (fractures and slicken-
sides). Based on the consistent paleomagnetic trends, a
fairly continuous sedimentation history, and the ab-
sence of repeated intervals, however, we may discount
the occurrence of larger-scale tectonic deformation.
What disruption does occur in the sedimentary column
(the major hiatuses) seems to correlate between Sites 458
and 459, suggesting that it may be caused by a phenome-
non more widespread than local tectonics.

Igneous rocks recovered in Hole 459B consist of pil-
lows, flows, and possible intrusions of arc-related tho-
leiitic basalt. Two major chemical types comprising
seven subtypes were recovered, most of them consider-
ably fractionated from parental compositions. At least
one of the subtypes appears to be at least transitional in
composition to such high-MgO andesites as those recov-
ered only 31 km away at Site 458. In any case, a spec-
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Figure 12. Velocity versus (GRAPE) density of basalt samples, Hole 459B.

trum of differences in parental compositions such as
source composition and perhaps depth, phase control,
degree of melting, and pathways of shallow fractiona-
tion can be inferred from the basalt compositions.

Alteration in basement of Hole 459B is of a type
heretofore unobserved either in the deep ocean or on
land. The striking feature of the alteration is the abun-
dant development of palygorskite as a vein-filling min-
eral. It is associated in the cores with celadonite and iron
hydroxides and hence probably represents an early, pos-
sibly hydrothermal oxidative stage of alteration. Late
alteration, concentrated along the zones of intense frac-
turing, particularly deeper in the hole, was nonoxidative
and led to the formation of dioctahedral smectite and
phillipsite. Palygorskite also occurs in the lowermost
sediments (Desprairies, this volume), which are brown
and look oxidized. It probably formed at the same time
as the palygorskite in the igneous basement, when there
were only a few meters of sediments on the basalts.

Of the reversals that would be expected for the time
covered, paleomagnetic measurements in the sediments
reveal 32 reversals out of 97, in spite of several hiatuses,
core disturbance, and a 36% recovery rate (Bleil, this
volume). Inclinations are generally shallower deeper in
the hole. Basement rocks, which have an exceptionally
wide range in NRM intensity (10-5 to 10-! emu/cm?),
have shallow inclinations, implying for Site 459 a lower
paleolatitude (~ 5°) at the time of basalt extrusion than
at present,

Logging and the large-scale resistivity experiment
were successfully conducted in Hole 459B, although

caving of sediments prevented these measurements in
basement. Heat flow at the site is estimated at 0.7 HFU,

The laboratory-measured sonic velocity of the base-
ment basalts decreased with depth in the 134.5 meters of
basement cored, from an average of about 4 km/s to
about 3 km/s. The higher-velocity rocks appear to be
from massive flows that are less altered than the lower-
velocity rocks, which are mostly pillow lavas. As at
other sites drilled during Leg 60, the thermal conductiv-
ity is very dependent on the lithology and degree of
lithification of the sediments and on the vesicularity of
the igneous rocks.
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darker dowrmards g between A5 and 80 cm.
Bection 11 Very deformed ar soupy at top. Section 4: Color grades downward to mose yellowith
Black (10YR 2.5/1) ir;n black sandy layer is between 150 and Tone. but suctutses; no isign focaminifers. Small
&m Uik 1andy puich . Flam muddy vit
Very dask grayish brown (25Y 312 g20e8 . \paudly sillesous calcareous vitric black sandy akch ot 103 o y vitric
= mud with sandy Layers between 70 and 80 em Sction §: Brown mud with fumer patches
=3 {has erational basel, and 115 1o 120 cm. A R Adesto oruCatchar: At abaove
3 . mantied bed with visible foraminiters & be
3 tween 80 and 120 em, and throe claystone - -
g o G 7 Brownish bisck [5YR 2/1] :lusléﬂn 2 crm in diameter aee botwesn 135 and 2 e i & SMEAR SLIDE SUMMARY
Dark beawn (1Y 3131 grad) i e
A AG) dowmwards 1o olve '.ﬂ““.m Section 3: Silicoous witric ash grades down. LAM| Muddy Vitrie  Muddy Vitrie
§ : ward to siliesous vitric crystal ash. & pebbly 3 Ash Ash
-a. : Ofive black (Y 2/1} sandy sandty layer it between 115 and lollﬂun. = a136 4145
§ Diack: yllawish brown [10YF 4741 Section 4: Grades dawnward to 85 cm whare -] :
g nnﬂ'm.- diwvmards thers i3 & dark silty layer. Below it another § ;:(’ruﬁi. - -
graded sequence,
Dack yellowrih beown [10YR 4/2) Section 5 and Care-Citcher: Grades dovwnward E EI‘ ;g g
with dark sandy pasches 0 80 em, but mqﬂbdslsr‘:;'ggmuoﬂ A 3 32 l 10¥R 5/ YO.'\FAL BETHITAL ‘o0
sandy bed & betwoen om, F = SITION:
E o R SMEAR SLIDE SUMMARY & e W i
g AG Dark heowmn (7.5YR 372 g RM 10YR 473 Clay w0 60
; [:] 3 3 Volesnic glass %5 n
Very dark grayish brown (10YR 3/2) 3 Micronodules + -
& #ry derke gty - .E i % Carbonate unsp. - +
E | Pebies black [10VR 251 i 2 H i
Wery dark graylsh brown (10Y R 3/21 = -3
@ with & black sandy sateh ot Lo 1 :"'J::g";"“&uj:ﬂ am
o 245 2107 2% -
— TEXTURE: |
Sand - =
Sin 50 5 0 |
Clay 50 86 70 B
2 AM| 4 TOTAL DETRITAL 55 98 % 4
X " COMPOSITION:
k B = Darker, silty E 5 5 5
-7 Brown 1o dark brown (10YR 4721 Ciay 20 80 20
- P Black (10YH 2.5/1] grades 1o very +
] = dork gray (1GVR 3] Vokmi e - .
= m = DlrernlM brown {10YR 4/31° Micronodiiles - 1 - =
= W0YR A3 Zeciitn = 0§ = I
z ] 23 T0YR 2 6/1 patches sandy ta silty . s 10 .
g, . % Foraminitars - - 10 5
E -1 Hannotossils - 45
£ *l 3 A R R
€ - iolarians - AP RM CC]
L oM 4 AR Sponge spicules - - ' 1RP
T am A 10VR 313 iron oxides - - - SITE 459 HOLE B CORE NTERVAL: 17.0t0 265 m
il - -3 10YR 474 Palagonite - = =
AMICG el A & FOSSIL
SMEAR SLIDE SUMMARY o e [LCHARACIER || .
Silicsous Viwle  Silicsous Vitric O |aw O| = | GRAPHIC
Ash Crystal Ash Vitic Ash 1z |=2|wld = g LITHOLO GY LITHOLOGIC DESCRIPTION
361 3110 584 wZ|n0|Z|S G| W
E z =
TEXTURE: £ o213 18 -
Sand 3 - - = |= <la
it bid 40 76 e |_° E Z |
Clay 0 60 E — A
TOTAL DETRITAL 70 5 100 =3 Core-Catcher: VITRIC MARLY NANNOFOSSIL DOZE, two pieces of olhve black
COMPOSITION: cC e Fa . 1BY 2).
Feldspar 0 26 16 =
Clay 20 55 % = SMEAR SLIDE SUMMARY
Valcansc glan kL 15 50 F
Zeclite + - - 2 1 -1 Vitric Nannafosil
Diiatoms 10 5 - g2 ] Marly Oare
Radiolaria 0 10 - - 10 cc
spicules s . & ‘5 L TEXTURE:
Iron oxides . = = - Sand .
Palaganite - 10 E - Sily 50
b a Clay 50
- COMPOSITION
- Feldypar 5
= Volcanie glas a0
= Carbonate unsp. 2
— Foraminifers 3
= . Mannofonits 50
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SITE 458 HOLE B CORE 4 CORED INTERVAL: 26510 36.0m SITE_458 HOLE B CORE & CORED INTERVAL: 45,5 to 55.0 m
FOSSIL FOSSIL 5
% | | cHARACTER % |= | _CHARACTER ul,
o3 8| 2| orarnic o lau 8| 2| crarmic |oifs=5
s 1 - T e LITHOLOGIC DESCRIPTION s =1 8 3 ols umotoé\' Z3 5. LITHOLOGIC DESCRIPTION
~o|2(2 gl & wgl= ol & U5
£2|on2l2 e a = 22982133 I z25
= |a < = |z < =
= |= |8|3|2 SRENEEHE: e
= Core-Catcher: VITRIC MARLY NANNOFOSSIL OOZE, i VITRIC MUD and VITRIC ASH
F3 cM) B lcc| alive gray (5 377} thraughout. Farsminiters visible 4.0 cm 1o B0 cm, A firm E m::“n"“’“" VIOYR 5.1 Finar. Lygark 1§ wtiopled i anikxiny
= mud fump at B em. Thin silty beownish bisck (SYR 2/1) beds a mdicated, =§‘ Sections 1 : Grayish afive | 10YR 4/2| bréccia at top (4l
2 |2 0.5 = | dawm hot.:: i the rest s yellowish brawn (10YR 51d). al-:u
- p SMEAR SLIDE SUMMARY B B = T=1 mm) i musstone 1.92 to B5 cm (Mn oxides?) o bads
a & 1 ) 1 - Fave hotizantsl burrows ~ 5 mm n dlmm
E WVitrie Marty = Sections 3 and 4: Yellgwish beowr (10¥R 5/4) 10 67 cm in Section 3
- = -1 Nannofoni Ooze = . shades of gray and ofive gray balow, excapt for sandy and mudey
£ 10 cc20 nterbedds & shown,
i =1 Core-Catcher: As abowe Light oflve gray (5Y 5/2) with two sandy
;E:lmﬁs i witee ah bands olive gray (5Y 32}
] Silt 50 SMEAR SLIDE SUMMARY e &
] Clay 60 7‘1 = 3
7 TOTAL DETRITAL 55 3
=} COMPOSITION: 5: 2
Foldspar 10 E
. Clay 10 B |FP ' éi 23
= Vodganic glass * ot
2 ] Carbonate unip. 5 2
] Foraminiters 10 = 170 117 183 245 343
= Nannafassils 0 [ TEXTURE
- Sandd - - w0 2w 2
Silt & & 30 10 8
E Clay 9 86 G0 T 80
o TOTAL DETRITAL 100 100 @ B5 95
COMPOSITION:
Fuldsoar 5 5 15 5 8
Clay 85 95 60 B0 60
SITE 458 HOLE B CORE 5  CORED INTERVAL: 36.0 10 455 m B B . Volcanic pias 0 0
Micronodules - % 20 5
FOSSIL : Zealin - = = =
] o 3 ine
& |= | cHaracTer Narinofoisily & = = =
g. |2 8| 2| crarm & o S
- 5z|alg = u e 8. LITHOLOGIC DESCRIPTION Falsgonits = = O o=
wz|wo|=(2 G| @ | LITHO s SMEAR SLIDE SUMMARY
O lom|2(Z wl
=7 O 3|Z|8 - =
= |= [O ; : = : 3 o
e
£ =
= SILTY VITRIC ASH and MUDDY NANNOFOSSIL VITRIC ASH s 2 ; E ot
£ 1 - 3 l.l'dm?m Grayish olive {10Y 4/2), vilvy vitric ash. Oiive black (5 2/1) 8 o g i ¢ 25 g
. H sandy o = |
] 8 ‘d 1 lﬂmlzn Firmer, grayish olive 110 4/2), muddy nannofesil vitrie r'} 3 - 3
cC =
& g FP| B iec | T3 w30 . Cotor arkens dowmiends TEXTURE: Hhaaas e Lo
& |3 1-30 10 40 em: Ollnwni!Yﬂl‘?J mutdy nannatossil vitric ash Sand w5 - 0 B0
u.a E Core-Catcher: As abowe, olive black (BY 2711 patches. Salt 30 0 15 40 0
SMEAR SLIDE SUMMARY Clay - 75 86 40 20
Slity Vitrie  Muddy Nannofosil Muddy Nannalonil CO.TDT.:EEDI;:'GH:‘T&L 20 W wew
g Ash Vitric Ash Viic Ash AP |RP ice| Ad Feidspar 0 10 & 20 2
£ 18 119 130 Ciay - 30 80 40 20
2 TEXTURE: Voleanic glass B0 4D 10 30 5D
Sand 10 - - Micronodules 0 5 & 10 10
Slll an &0 g Zealite - * - -
10 40 ;0 Nannotossils - 5= =
'DY&L DETRITAL 100 B0 m Hematite 4 e | =
[FX}MPOSITION. Palagonite - m « - .
aldipar o 10 10
?l\t ;g 20 10
il gt = i 2 SITE 459 HOLE B CORE 7 CORED INTERVAL: 5§5010645m
Fasaminifars - - 5 FOSSIL
e : o kL 5 |; [cHaracter 2 o i
o, o o
o GRAPHIC
Szlez|wlg 2| Bl wiate oy 8. LITHOLOGIC DESCRIPTION
wolE| 2 - Oal
£7|on|2 z|8 5= 23|
G l HEAES =
5 B|FM ce| o] Cotaehen MUDDY CRYSTAL VITRIC ASH, firm, dark yellowish begwn (10YR
z 0.5 SMEAR SLIOE SUMMARY
E 1 :‘l Muddy Vitrie Ash
ccag
& 10 TexruRE:
‘E =) Silt 20
= = Clay a0
=) TOTAL DETRITAL a5
g _ COMPOSITION:
- Feldapar 15
b Clay 0
- Vielcanic glass 30
. Micronadules 5
2 . Radiolariany i
il Palaganite +
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SITE 459 HOLE B CORE B  CORED INTERVAL: B45to74.0m

65% HLIS

SITE_ 450 HOLE B CORE 11 CORED INTERVAL:  930101025m
FOSSIL FOSSIL
S |- | cHamacrer | G e | cHARACTER |
o, |3 = Q. o) = 3
2152wy ol & LITHOLOGIC DESCRIPTION o E2lals 2| B | e LITHOLOGIC DESCRIPTION
EIEEHE HE s3(58512 o] | |E| 2
N FHE = 27 1=N8|%(3 #
== (2122 == 121z |2
e o el ™ CRYSTAL VITRIC ASH with a sraced bed. Site 459, Hole B, Core 10, Interval B15 to 8.0 m: NO RECOVERY.
z ] ousil 140 10 30 om: With grease, thinner dmmm disturbed variabie
B ] enngom) oo lshology, 7Ettect of HEAT FLOW PROBE VITRIC MARLY NANNDFOSSIL CHALK
] 05 Dusky yellowish 10 150 em: Dark yallowish brown (107R 4/2), CRYSTAL Calor olie gray [5Y 471} to greenish gray [BGY 6/1) Lithification
8 RP 1 rown (10YR 2021 \;l;"l‘llzl:f:SH wl:h patchas ard thin beds of ity dusky Brown - m
= 1 ! il | s indicatnd, =
§ E AM| : Er:::‘v birenin A GRADED BED (14,0 o 14. 3 o), very fine wand o mud, 2 0-30 em: Very deformed and soupy
; {SYR 3/2) lump color darkens downwards H 30-35 em: Laminated giltstane piece in drilling sand
i g 1.0 - =~ Cors-Catcher: Firm m mud odeate brown band, w;g:; ASH z g_ m g Graced mn-: part i mdtlr nannotossil chatk
41 between light olive gray (5Y | and olive (134 5 : Coarser ing upwar
2 |£ i S Y : 4183 em: Thiaty lemi
= % H SMEAR SLIDE SUMMARY 5063 em: Fining upwards from very fine sandstons o siltstone
Pl i i 2 §3-88 em: Drilling paste
AP |RP (4 H | Nannafomil = 3 B8-106 em: Slightly fractured siltstona with 1.2 mm thick hard
B Ooze Viwie Ath  Viwrie Ath VitriE muditone at tog, grayish black [N2)
r 105-137 em: Drilling pasts
TEXTURE: i i e 139-141 em: Slightly fractured sanditane
Sand - 5 5 y
0-16 em: Sand cosnsening upward ofive vl\- 18Y 41).
Silt 20 &0 e |AM| B ; 16-36 cm: Fining and fighter in color upwards; imegularly Iarmmud
Cley ; 80 35 ‘ greenien gray (567 /11, VITRIC NANNGFOSSIL CHAL
OTAL DETRITAL e 95 0 I585.cm: Fines, lightar upwards olive black (8Y 2/1) mam oray
?0""’5’*'9"'- . 0 Yo [8¥ 32| {10p]. Bottom 2 em well-faminated, upper 10 em ot
i laminated.
Heavy mineraly ?t; -25 _?0 65-80 cm: As sbove, bul lower 3 10 4 om cross-laminated, no upper
Masiive Part.
Vaolcanic glas 13 50 40 071 e Olive gray laminated, fractured
;!mmm - N L] 0 Core-Catcher: Sevoral pinces of mudstons, angular, some laminated
Carbianate unip. 0 - .
Mannotossily 0 4 1o SMEAR SLIDE SUMMARY
Radiclsrians 1 - -
Sponge spicules - - . L »
Palagonite ] + m E E
i g 5
H >
SITE 459 HOLE B  CORE 9 CORED : 740to835m e 13 1885 220
FOSSIL Sand - i =
E | =
ACT - Sy w30 30
S Iz CHARACTER | | glgalu v AL BT % = 2
= o = GRAP ] AL ITAL 50 o5 22
S5z 2|8 I el Fo LITHOLOGIC DESCRIPTION COMPOSITION: z
wo Ul w ;g =y eldspar 10 1
s |on|2Z|g w| = REED Huary minurals - = 2
z |z |8|%|8 " w5 H
= = o|%|2 Var.-m:glu 2 30 0
— icr i - 5 -
£ VITRIC MARLY CALCAREOUS DOZE, color darker Zeolite - ' -
b= than Cors 8. Otive gray (5Y 3/2]; indurated patches shown Carbanate unsp. 0+ £
=] by “'Sf: ing in structures cotumn. Foraminifers =t = 2
E c + Sample very disturbed; solt mudstone MNannotossity » - 40
= L -
£ (3 8 p Very fios o band, Biilarins . 1
s ; ap tark gray SMEAR SLIDE SUMMARY
z H Witric Marly
= |3 L Calcareons Ooze
3 AP | B cC 166
TEXTURE:
Sand :
Silt 10
Glay 20
TOTAL DETRITAL &0
COMPOSITION: i
Clay 0
Volcank: gl 20
nap. 20
Nennotosits 0




GEE

2 H 8 ORE 14  CORED INTERVAL: 121510 131.0m
SITE 459 HOLE B  CORE 12 CORED INTERVAL: 102510 1125m SITE__48 °:;m s
FOSSIL " >
% |- | cHaracTer ulz g | CHARACTER z| 2 Sl3a
"] u =
< Zl 2 z/2e= = | @ | GRAPHIC |o9|z%3 LOGIC DESCRIPTION
Srl=w [ G| £ | orarHIC 2 LITHOLOGIC DESCRIPTION %2 |52|wlg | B | itnolooy Saies o LITHO!
1Z|=5|2|S G| & | LTHoLO GY Zxien2e LZ[281%|8| g & St
22 onj2|Z|uw wl = aaT £ |2MxlZz|a “ P
|- Zla » oS - |= |o|%|= o=
= = § g : £] et - |2
B L3 VITRIC MUDSTONE
E i A i " Fractured and shattered partly ll‘w horizontal laminations, color s
- AM| B CC| 4 | 9] » GRADED, SANDY ASH TO VITRIC CHALK, grayish olive olive gray (5Y 3/2) generally.
grean throughout unkess otherwise noted 7081 em: Alternating thin layers {up 1o & mm| of light olive gray
= i 0-10 em: Fragments o4 below {5 5/2] and dark yeflowish brown [ash?) hands
2 | = 1025 cm: Laminated vary fins sanditone " 1 94-103 em: Mudstone with sevoral spats (burraws?) and two bands of
2 il 26-28 cm: Oflive black [BY 2/1) fine 1andstone, sandy vitric - ik yelowith brown (esh?}
2 crystal ash it 105-115 cm: Mudstane with light olfve gray (5Y 5/2) burrawsi?]
A 28 em: Ercsion contact =
] 28-35 cm: Silntone fragment SMEAR SLIDE SUMMARY
3 B|B Vitric
3 SMEAR SLIDE SUMMARY Pkl
122
by i Ay Texmune .
m cc2? Sift 15
TEXTURE: s a0
Sung 5 9 COMPOSITION:
S a8 5 Fidspar n
Clay 70 = Clay 70
TOTAL DETRITAL 50 100 e R
COMPOSITION: Mitranodules +
Fabdspar w 40 Zeolite +
Elaur mineraly e ‘g Narmiafosnih o
oy afom
Volcanic glass 15 s Radiolarians. .
Carbonate unip. 20 -
Foraminifers - "
Nannofossils a0 *
Palagonite & 3 SITE 459 HOLE B  CORE 15 CORED INTERVAL: 131010 14056 m
FOSSIL Iz
% |= |_cHARACTER wla
2. _l= Z| w Z| i
Ll = P Y 2| & | onaruic leaiz, LITHOLOGIC DESCRIPTION
LITH ] ) S
SITE 450 HOLE B CORE 13 CORED INTERVAL: 112510 1215m E] w02 gl ol & ESEe
FOSSIL - : |=Vz(Z|e “ ala =g
S |n lcHaracter | 35, o= |22 L o
o |2 & b= N EHALK, VITRIC MUDSTONE snd
=t |=w |, O & | GRAPHIC 2z28. LITHOLOGIC DESCRIPTION f1E &:&:mﬁwrmu X,
1z wolE ] ; & | LITHOLOGY = iﬁ'o"‘ I 1and 2: Repetitvn turbsdite swquence, grading from
s-on|2|2|g w = S32% . marty nannatossil chaik (finel through sitric mudviane, 1o sndy
= E 2 » e bt AM B l vitric tulf [caarsel. About 20 eycles or portiani of cycles ware ra.
= = [2|z|= ks coverad. Boundaries are shown 1o the right of the litholngy amale
A E ! column. The umallest is 1 em (2127 to 128 cm| MI-MW:T
3 CHAL 1-105 to 2-15 cm). Colors of tynical cyches are: 11] top—gray
E 5 i Bt MLV ARy YURBICITE = s 10 4720 12 mste slive seot 15% 3071 19 boriomnmaive
s E l ?-;:Tm L;nlnmd wltry, light olive gray (5 6/2) EE I e m;.’..:',;mw.- Olive gray [5Y 3/2) mudstone
em: Ity =
é % ) 2% ore: Swcy AN datti i Sl ey (BT 207) E -E i Chemicsl Sample {shttered in Section 3).
6862 em: Uward fining silt bad
i SMEAR SLIDE SUMMARY
- 8288 em: As sbove, siternately wnd snd 1 =
E aml B {|= 8834 tm: Laminutsd |3 "
£ Corw-Catcher: A mud lump, tame a3 52,65 cm, slumpi7] 1 5 i H g; ii
>
3 SMEAR SLIDE SUMMARY = E 5 P g g‘é i§ =
Vitric Marly 33 B |RP ; - i3
o ! 110 1285 160 2133
" ] TEXTURE:
TEXTURE. -H Sact = 0 = =
Sane - Silr 10 30 5 [3
Siit 20 Clay 80 20 a5 9%
Clay 3 TOTAL DETRITAL 95 @0 noo-
TOTAL DETRITAL a5 8 |Re od COMPOSITION:
COMPOSITION: Faidapar 10 20 2 5
Feldspar 5 Clay 75 10 40 S
Clay ol Valeanic ghass 10 60 5 [3
Volcanc glas o Micronodules ] 0 ot -
Carbonate unip. 30 ump. - - 30 k=
Nannafouils 2 Hannofomily - - FE ]
liolarians. * - = -
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SITE #4589 HOLE B CORE 17 CORED INTERVAL: 150.0 to 159.5 m SITE 459 HOLE B CORE_ 21 CORED INTERVAL: 1820w 1976 m
FOSSIL FOSSIL
x® > 3 wlz
g ; CHARACTER 3 " §$u g : CHARACTER 5 " s :...‘!
= o w = | GRAPHIC [oalz%o & few al 8 it
s ~2|2(3 c E | utHoloGY =§—95 LITHOLOGIC DESCRIPTION =R § £ E [ LirHotoey "?“EE LITHOLOGIC DESCRIPTION
w 5 w3 =
$-lon|2|Z ] al = nélg Il A 1 E R ol = DlawzE
=0 - =g - |= 0|22 Bfnd S
- wlZ | = s - g z 3
z i E B ol TURBIDITES, NANNOFOSSIL CHALK, MARLY
= . " et MANNOFOSSIL CHALK, SILTY AND SANDY VITRIC TUFF
g |5 [pe e Site 459, Hola B, Core 16, Intarval 140.5 to 1500 m: No Recovery. g ‘g g AM | Generally o8 in Cores 17-20, but burrowing s s extensve; o
. faw beds are free of burrows. Uoper parts ars mase burrowed
s E :'_ﬁ MARLY NANNOFOSSIL CHALK, VITRIC MUDSTONE snd & E b F than lawer ones. About twelve turbidite sequences identifiabie,
H 2 SANDY VITRIC TUFF -] = 1 * each from top 1o bottoem consisting of: nannofcesil chalk, white,
= Same description s Cora 16, Six cycles prasent. Calor 15 mastly = § highly burrowed, _u-lrec marly nannafossll chalk, marly vitric
3 sive ray 8 32 i 34 } ey o e o0y e
; f . il },
£ |5 oo Sy S E:,':"’" 1BV E AP (BY 7/2), and some clive biack hands. (laly fve wquances ace
; AM| B ﬁ’!‘ﬂ.?."‘“ S =9 schematically shown with the tense of grading {lining ugward)
E;,ﬂ.lum SMEAR SLIDE SUMMARY g indicated by arrows to the right of the lithalogy cvehe column
= -
Vitic Marty 2 SMEAR SLIDE SUMMARY i3
Nannofesl Chalk L " E_ ]
114 ; F
TEXTURE: . bi% ,i s
Silt 10 2 35 i} :E'g
Clay %0 = "
TOTAL DETRITAL 50 ’
COMPOSITION TERTUHE 118 123 48 161
Falaspar 3 Sand - = 50
Clay :I; Sin - 25 10
et o 5 Clay w0 B0 75 40
Carbonate umip, » TOTAL DETRITAL 20 % w75
Nasviolawity » COMPOSITION:
Feitsar - 15 5 @
Heavy mineraly - - . -
v 20 2% 5 10
5ITE 459 HOLE B CORE 19 CORED INTERVAL: 169.0 to 178.6 m g::b:::::‘m ~ 15 20 _45
FOSSIL s Hannatoml L L
5 | |_CHARACTER | Onauns -
o= n
et = 1Y P 9] &/| aRamic LITHOLOGIC DESCRIPTION SITE 459 HOLE B CORE 22 CORED INTERVAL: 197510 207.0m
LZ[|=8|%|8 £l & [ utHoloeY Ty
-
£7|9N|2|z|8 ul = S |- | cHaracrer | sz
= (= |2 < o, | w Z| s
HEAE L= 13 P P 9| & | GRAPMIC logiz5a LITHOLOGIC DESCRIPTION
B Site 458, Hole B, Core 18, Interval 159.0 to 169.0 m: No Recovery ‘Lg 2o = g gl & LITHOLOGY |2t o2
LR w w ==
r’ oM 1 LAMINATED MUDSTONE, SILTY VITRIC TUFF, and SANDY 2 127 =Z]2 ¥ P ﬁéi
H CM| B 05 L — s = |21F12 Bl Zl
-~ - ‘wo thin gradec beds 0 1o 5 om, § to 50 om 5 massive laminat —
é z aliva gray (SY 3/2) mudstone. An erosicnal coniact ooours st & AP TURBIDITES, NANNOFOSSIL CHALK-VITRIC NANNOFOSSIL
r ] 50 cm. Balow this, color i gravith brown (5Y 3/2) and the twa = 1 CHALK and SANDY/SILTY VITRIC TUFF
= : ilf varisties alternate in cross-beds. RP Saction 1: Ona graced sequence 0 10 45 em
: . 027 cm: Burrowed chatk
% % SMEAR SLIDE SUMMARY i ; ap e 27-38 em: Non-burrowed light alwve gray ehalk
leci 3845 cm: Laminatedt
Siley Sandy y
L 4548 con: Sandutooa (dark Laypsrl
¥ Modstone . Vitrie Tuff  Vitric Tuff i E 4562 e Strongly burrawed chatk
R - 1 = or: Light olive gray chalk and ofive bisck tand bed
H 110 166 1565
i TEXTURE: 3 1§
Sand - 0 50 &8
it 0 [0 30 H
Clay a0 80 o .
TOTAL DETRITAL 20 100 100
COMPOSITION:
Feldipw 10 10 0
Clay B0 20 10
Waleanic glas ’ 70 80
Mannofosils 1] - =
Aadiolaran + .
Oraaques * - =
|
SITE 458 HOLE B CORE CORED INTERVAL:
I FOSSIL ° 18510 1850, SITE 450 HOLE B  CORE 23 CORED INTERVAL:  207.0102165m
* b FOSSIL
S |~ [ cHaracrer “ L >
g-lsu 8| £ | orarnic 3 LITHOLOGIC DESCRIPTION 8. [T T 3l g gy
1z =228 | & | LirHoLo ey Ou et |mw 9| § [ GRAPHIC oZz3/2 THOLOGIC DESCRIPTION
4352122 sl 2 B LZ|23]2|8 5| £ |utHoloayERen 2y IATHe!
= |= |o|g|< Sl :=gn=38 w| = =295
= 21z & = et - -l 9 i =
= wlZ| = e
s
=5 & TURBIDITES: NANNOFOSSIL CHALK, VITRIC MARLY .
E 53 i NANNOFOSSIL CHALK and SILTY VITRIC TUFF, jeg Zl 2] ] C Clthier Tt flacen of /1 Sk SANDRTONE sty
. AM| burrowed throughout, criginally composed of four
= H sequerices. Grain size from darker pas gayih brown (SYR 4/2]
% - CM H and coarser #t tha battems, 1o lighter yellowish brown [10¥R 5/2)
2 |z 1 i N finer 1o with aiive black (5Y 2/1) sandy bands. Intervals of
= (= grade sequences are 12 10 32 em, 32 10 74 em, 74 10 95 em, 96 10
é AM| l Moem
£
é l
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=1
m

459 HOLE B

n
(=]

24  CORED |

216.5 10 226.0 m

459 HOLE B

[a]
(s}

26 CORED INTERVAL:

2355 to 245.0 m

FOSSIL
CHARACTER

UNIT
BIOSTRAT
IONE
FORAMS

TIME—ROCK
NANNOS
RADS

SECTION
METERS

GRAPHIC
LITHOLOGY

;;D [} M H!EEY

LITHOL ic
SQMPI?G

LITHOLOGIC DESCRIPTION

FOSSIL

CHA

RACTER

UNIT
BIOSTRAT
1ONE
FORAMS
NANNDS

TIME=ROCK
RADS

SECTION
METERS

GRAPHIC
LITHOLOGY

AN
Y

LITHOLOGIC
SAmete

$TRYCHY

Bist

LITHOLOGIC DESCRIPTION

ourats (R

S

ICM

TURBIDITES, MARLY NANNOFOSSIL CHALK and SILTY
VITRIC TUFF.

Section 1: Elevon graded sequsnces (fewer are shown
schamatieally) with marly nannofouil chatk and sllty vitric tutd.
Cator is whim {top] grayish yellow gesen (GY 7721, darker olive
bilack (BY 2/1) st the bottom. Shump between 116 1o 140 om.
Bection 2: As sbowe, but more alive black tull layers; sixteen
rinded sequences.

RP

TURBIDMTES, VITRIC MUDSTONE and SILTY/SANDY
VITRIC TUFF [schematically shownb.

Similar to Core 25; color at the top of sach cycle is light ofive
gray I5Y 6/2). The bottoms are clive gray [5Y 32} or browmish
black [SYR 2/1). Mine trbiditic sequences occur, Turtimdite
eycles are anly sehamatically shown; arrows indicat sense of
rading (fining upward]  Dewatering structures secur from

Early Middle Miocene

27 to 30 cm.
-Catcher: Probably a part of u slump deposit.

Early Miocene

Burrowed

— T

Stichocorys wolffii [R)

A typical sequence laminated

SMEAR SLIDE SUMMARY
Crous-laminated graded Vitric

Hirticosniae ampiiaperta )

donail chatk and tutf, =
TEXTURE:
Sand -
Silt 20
Marly Silty Masly Clay
TOTAL DETRITAL 100
Nannatossil \;llt:'r Nwl COMPOSITION:

132 214 254 g"‘
TEXTURE: Volcanic ghas ki)
Sand - 20 - 1
Silt 5 50 10
Clay a5 30

T—= | —= [—=—= [—
zz
i
H

B
H
k]
2
)

TOTAL DETRITAL an 85
COMPOSITION:
Feldypar

Clay
Waleanie glas

B -T-T-

BIOSTRAT

x
o
-
m
]
n
o]
o
m

25 CORED INTERVAL: 226010 2355 m

w

= GRAPHIC |oa

E LITHOLO GY 22 .!,,_ E: LITHOLOGIC DESCRIFTION
z =

IONE

FORAMS
SECTION

Early Miocens
Helicosphaera ampliaperta (N}

LEE

% | NANNOS
RADS

]

TURBIDITES, VITRIC MUDSTONE, VITRIC MARLY
NANNOFOSSIL CHALK AND SILTY/SANDY TUFF

Section 1: Overall color between dark yellowish brown [10YR 4/2)
and moderate brown (5Y R 3/4). Secuence of weventssn graded
twrbiditic cyches with three dump beds: 45 to 56 cm, 84 to B7 cm,
and 105 om, Bottom of graded bads usually huve erotional contacts.)

Section 2: As abowa; semi-lithified graded turbidite sequence.
Ninatesn cycles; 3 dump beds. Overall color is between light olive
gray (5 572} and brownish gray (YR 4/1).

87 em: Sandy pumice layer,

|

Section 3: Dverall color batwean dask yvellowish brown {10YR
472) arad light olive gray [BY 6/2). Throe slumgs, eleven graded
Layers

Section 4: D to 20 em—Bioturbated 20 ta 30 em tlump in
grayish brown siitstone; overall color olive gray.

Core-Catchar: As sbove, erosional boundary #t the bettom af
@ayish brown sandstans.

Ramarks: Volcanic glass strongly sliered 1o clays.
SMEAR SLIDE SUMMARY

wolffii
-

Sti
w

TEXTURE:
Sand
Sily

Clay
TOTAL DETRITAL 100
COMPOSITION:

Faldspar
Hoavy minerals -
Clay

Vaicanic glass 15
Micronodule
Carbonats unip. =
Nannatosity
Diataens -
Radiolaian +

o
vl Leel s e’
thia'aslaiesa
&

cel gyt
gl yl!
2
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SITE 459 HOLE B CORE 27 CORED INTERVAL: 245.0 to 264.5 m SITE 459 HOLE B CORE 28 CORED INTERVAL: 2545 to 264.0 m
FOSSIL . FOSsIL N
% |- | cHARACTER - % |- | cHaracTEr “
9, (2 3| 2| crarmic |o3om3 9|2 8| 2| crarmic |25l
ez =0 Ala 21 &8 g LITHOLOGIC DESCRIPTION LRl = I P =W z
1z |=3|2|8 £| £ | umoloey EEiES ey LZ[32(8 5| & | umoloey ";EIE:" HTHOLOGIC: DESCRIPTION
wo e _a 2 =
(o~ 2|28 8 = =iloaz3 7 (ON(21Z 13 al = 5=z
= |= (9|22 Gl S z |= (8|32 Hlesss
o
* TURBIDITES, RARE MARLY NANNOFOSSIL CHALK, VITRIC TURBIDITES WITH INTENSE NORMAL FAULTING.
AM }‘: DSTONE and SILTY/SANDY VITRIC TUFF MUDSTONE, VITRIC MUDSTONE, with SANDY/SILTY
Section 1 Similar to Core 26, 7 |rp VITRIC TUFF.
o 66 1o 130 cm: 76 cm thick tlump bed a4 2 major part of § graded i FP R Saction 1: As in Core 27, bt faults and fractures are abundant;
edd; oweall color is grayish olive (10Y 4721 Nine graded cycles, Y lithitication increases. Calor is slightly darker olive gray 1o alive
AP 1 Faults lnormlli 20 10 25 cm, 60 to ?u em 1 <H iiack, Faulrs mainly nesrly vartical (14 cm) with opening
Section 21 Ax sbove; sequances of silty graded beds, At companent. Smaller, iragular fracture or both sides alio with
their bottom brownish black {5YR ?II] sandy Iayers ae common opening componant. Burrows sre all by the faults Incipiant
Eighean sequences in the section (only shown schematically), Tracruring searts from here and displacements larger ugward (110
slumps 40 10 53 em, 102 10 124 cm. i em]. Graded sand bed 90-140 em,
[ 0. Section 3: Allemate grayish black [N2) and alive gray (5Y 4/1] - Section 2: As abtve, but no verncal frectune; graded beds anly
1t grayish olwe { 10Y 4/2) vitric mudstone, plus graded beds a g upper halt. Burraws only in the lover halt; faulting (normal) 10
above (180 sequencesl. Zoonhycut in 2 mm thick lavers 127 em. e, B85-80 crn. Thirtean graded wrbiditic cycles
[ 34 am, 137 em); sk 100 1o 108 em, 110 to 125 cm, ¥ Section 3: Six turtiditic cycles with ifrom 1op to bottam):
Section 4: Graded and cyciic badk of gayish olive green (BGY 3/2) 1} (1] greeriish gray chaik, (2] burrowsd mudstone, (3] massive mud:
EP with grayish black IN2] lsyers ot bottom of esch cycle. Seven stone, {4 leminated mudstans/siitstone, {5] cross:bedded 1itarons)
RP '\\ cyeles in section, drawn a5 they occur. Slumps 80 1o 90 cm, 130 fime sandstona, (8) gradad bedded madium 1o fine sanditane,
- to 138 cm 4 olack [NZT, (7] sand layer brownish Diack. 0 1o 21 em—tlump;
2 Section 5 Au above. but marly nannotoisil chalk two cycles, drawn 2 1f 0 to 70 cm—3/4/8; 70 to 130 cm - 1/273/4/5/8; 120 1o 135 om - 273/
# they occu = 476, 135 to 142 em—3/4/7; 14210 150 em—3,
o e cu.-cndnn Part of tump deposit| 7] medium dark geay (N4) 2| - RPla Core-Catcher: Graded very fine sanditons 1o medium sandsione
z siitstone s | 2 Daween very dusky red [10R 2/2) and tileck, Faintly [aminated
'-'E ,.\_ Remarks: Clays s result of strong slteration of volcanic glam. w wiltstone, dark greenish gray (5GY 471
E = ] SMEAR SLIDE SUMMARY E 1l SMEAR SLIDE SUMMARY
a2 - % %
3 ! y
5 ¢ i
- 1y gal | IR
= 2
«-%% ;Hﬁ SR e s y & B o i
83 ap s 5 > 179 1930 285 377
= 168 1130 3130 4.148 B9 TEXTURE
§ TEXTURE: Sand 0 50 - 0
Spnd = 5 = = = 1 Silt 70 45 0 70
M Silt 30 30 30 30 10 Clay 0 5 80 10
Ciay 7 T0 n 70 .]I. TOTAL DETRITAL 80 L] 0 a0
u TOTAL DETRITAL 70 100 9% 100 80 CP| B cc
3 COMPGSITION: 5 1 s s
Fabdspar 5 15 0 5 - + 20 - 3
Clay 3% 5B 5 55 T B 3 50 %
Vodcanic glass =L 40 10 50 -] 15 5
ite - - * - 15 [ 0
B L Carbonats ump. 10 - 5 - - ! =
FP Nannofassils n - - = 0 Nannchosili 0 1 " -
Rsdiolariant - i = - . Radiolarians " - - 1]
7 Palagonite 5 5 - -
: SITE _a50 HOLE B CORE 29 CORED 2640 to 2736 m
RP Z FOSSIL &
RP U - CHARACTER o]
[ er |2 8| £ | orapmic |2zu3
',' z=2lalg =] . I3 0. LITHOLOGIC DESCRIPTION
e ngl2|0 5| & | utHoLoGY o
FEIRHEIEIM H B =2|¥505]
7 |=Mz(Zz]8 w 3|
- = |= |o|€|= 2 s =
= 2lzl= 3t =
. TURBIDITES, VITRIC NANNOFOSSIL CHALK and
I MUDSTONES, WITH SILTY TO SANDY VITRIC TUFF
B i 1: Same as Core 78, but 3083 om is graylsh groen
[10GY 572}, more chalky; four cyches O to 10 em, 10 1o 20 om,
= | 96 to 120 cm, 170 10 127 cm, 127 10 150 cm; mudstone 28 to 50
= 1 iJ om; slump 50 1o 96 em
= Seetion 2
0 1o 70.cm: Five cycles fining upwards
? B4 10 150 e Burrowsd, iminated, of mastive mudiione
o 25 to 30 em: Massive sanditons
3 { = Baightly fractured, faintly laminated mudstone,
E 2 ! 1l dark olivg wn 18¥ 3/1)
% 2| |a i SMEAR SLIDE SUMMARY
1l | -
2 | ' Mudstona Nannofossil Chalk
130 34
TEXTURE
Sand - -
S 0 a0
Clay 90 80
TOTAL DETRITAL 100 o
COMPOSITION:
3 ' T Febdspar ] N
Cray 40
AP| B cc| Volcanic gless 10 ]
} Micranodules -
Carbanate unss - 10
Nannatossily - 20
Fish remaing g -
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abundant pieces of pumice (white or pale green) 0.5 o 1 om in
diamater, reworked.
10 to 28 em: Laminated muditone grayish yallow gresn (5GY 7/21

SITE 459 HOLE 8  CORE 30 CORED INTERVAL:
a FOSSIL T
S | CHARACTER | | gz,
oo i 1 I Q| & | GRAPHIC JoglZSi3 LITHOLOGIC DESCRIPTION
1z 221218 G| & | utHoto oy z2len
Eal EETEELF i BaTE
- o w —un n-_‘
- |= |5|2|= CH e
= bl - ™
= TURBIDITES throughout; MARLY NANNDFOSSIL CHALK,
CLAYSTOMNE, MUDSTONE WITH SILTY and BANDY VITRIC
i TUFF LAYERS
Section 1, 0 to 16 em: Firm drilling breceia
cp l 1610 36 cm: Thick turbiite with sandstons at the bottem;
-
-
-

Early Miocens

Sphenolithus belemnos (N)

o

(8]

S

e e 2 e R R |

29 10 40 em: Busrowed
40 1o 60 em: Massive
B0 1o 64 em: Rurrowed
B4 10 75 om: Laminated
7510 135 em: Fane sandstone grading downwardi into coans
sanditons
136 to 160 cm- Mudstone and very Fine sandstane
Section 2= Two wrbidite cycles and of Section 1 plies 0 to 5 om,
& 10 100 em
0105 cm: Crosi-bedded fine tandstons
610 21 am: Claystone- mudstone, gy ish yallow groan [BGY /21
2110 2 em: Burrowed
251 70 cm: Massive
7010 90 em: Laminated
90 10 100 emy: Graded cosrss sandstone
Section 3: Seven turbidites -0 to 21 cm, 21 1o 56 cm, 66 1o 31
om, 91 10 107 em, 107 to 114 em, 114 to 145 cm, 145 cm o
Section 4, same cycles: Surrowed, lammated, greced, & above,
Calors are grayith ysllow gresn (5GY 4/21, greenish gray
[BGY B1), light olive gray (5 B/11. Baottom of cosrse sanditone
with erosionst figures.
Section 4: Ten turbsdites, & above: O 1o 20 om, 20 1o 40 em,
40 to 62 cm, 82 to 75 e, 75 to 83 cm, 83 to 85 cm, 85 10 100
em, 100 1o 103 @, 103 1o 118 cm, 120 1o 135 om, strangly
laminated thraughout.

+ As above: dusky vellow green and ollve black
patches and beds
Remarks; Colosless volcanic glaw with large pipe vesiches &
shundant. gresn clays

SMEAR SLIDE SUMMARY

- 2
&
=
3 41zt
£ £ 2T
;3 > é gE @
170 1120 234 3-20 355
TEXTURE:
Sand o 0 0 60 -
Sty 0 w0 0 30 90
Clay 90 90 80 10 10
TOTAL DETRITAL B0 o 80 85
COMPOSITION:
Feldipar 10 16 5 15 5
Clay 50 65 1 10
Volcanic glas St 5 65 BO
Micronadules - - L 5
Zeolite - ¥ - —
Carbanat unip, B 15 - 5 -
Foraminifers - - - - .
ok 20 - - 5 -
Radiolarians L .
Fish remaim - + =

SITE 459 HOLE B8 CORE 31 CORED INTERVAL: 2830102925 m
FOSSIL =
% | | cHARACTER -
23 8| 2| orarmic L35
b = P = = z3 8 THOLOGIC DESCRIPTION
Lz 2|2 8 g| £ | utnolooy zxiun o L 5¢
e A a= ca
w " E Z | =
;t:::ll)lm. VITRIC MUDSTONE, SILTY/SANDY VITRIC
Similar to Core 30, but recognition of cycles [ mare difficult dus
o 1lr|l|nq tisturbances, including brittie fracture.
Section 1
1 1510 28 em: Burrowed and laminated
26 1o 36 em: Sandstane and sittstone [N2)
38 to 54 em: Burrowed mudstane
54 1o 61 em: M. W 0 SilTione
I1 t0 80 cm: Burrowed 8nd laminated
10 82 em: Sanchione, N2
l! 0 110 em: Burrowed #ad laminated very line sandstons
110 to 130 em: Slump
Section 2: Au shave, brittle fracturing, stronger in the upper hatf
of the wection, no layer thicker than § cm. Olive gray LI and very
fine sanditone dominate.
Core-Catcher: Burrowed mudstone, grayish olve [ 10Y 4/2)
Ibetween O g 10 em, fractured between 10 and 15 cm
2 Remarks: Mainly coloriess volcanic glast i smear slides.
B
SMEAR SLIDE SUMMARY
Vitrie Sitty
Mudstone  Witrie Tulf
BB CcC 158 161
TEXTURE
Sand - W0
Sift 40 60
Clay n 0
TOTAL DETRITAL 95 00
COMPOSITION:
Feldspar 5 ]
Heay minersly - 5
Clay T 20
Voleanss giass 0 B0
Carbonate unsp L} =
Digtoms . -
Rudiolariang . =
Fish ramains . =
SITE 450 HOLE B  CORE 32 CORED 292.5 to 3020 m
» FOSSIL
CHARACTER
8 - < 3| 2| crapmic 5
o lE2 | B 3. LITHOLOGIC DESCRIPTION
\Zlngl=s g ol & LITHOLOGY 25
o
B al = B
= m 2 Z|= S
TURBIDITES, VITRIC MUDSTONE WITH SILTY AND
SANDY VITRIC TUFF cycles schamatically shown, bassl
contacts erosional.
H Saction 1: Turhidite cycles distinct from top to battom; hamowed,
laminated and cosese graded. Nine cycles in Section 1; dewataring
cracks & to 10 om. Burrows of Chondsites 20 1o 26 em. B6 1o
83cm, 120 10 128 om,
L) b Bection 2: Five cycles presant, colors are grayish olive gresn
(8GY 32, grayish yuflow green (SGY 7/2), and greenish hlack
156G 2111,
Core-Catchor: Erosion contact hetween wo cycie,
- Ramarke: Foramis fragments incabably reworked] a
T em_ and 2 to B cmy; green clay [alteration of voleanic gi
' SMEAR SLIDE SUMMARY
b Siley Sandy
Witrie Tutf  Viwde Tuff  Vitrle Tulf
I 198 1140 28
TEXTURE:
Ak Sand 5 0 2
Sily &0 0 0
Clay B0 - &0
TOTAL DETRITAL 100 20
COMPOSITION:
Faldspar 1[1] 15 15
Huavy minersis L] 5 0
Clay 45 m 0
Volcanic glass 40 = kL
Migronodules L = —
Foraminifers - 10 .
Nanofouils = ¥ -
Radiolarians - _J .
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SITE 459 HWOLE B CORE 33 CORED INTERVAL:
FOSSIL
£ 3
S |z CHARACTER || e
i A ol & “GT::“) Pl 3z33, LITHOLOGIC DESCRIPTION
wol = ol -
= onl= Zlz w| = ’
= |z |8|=|e Sl --t.
b 2|z |=
= = VITRIC MUDSTONE WITH SILTY LAYERS AND MUDDY
g VITRIC TUFF
Section 1: Cotor s mainly 8G 5/1 througheur. Coarser darkor
bands; burrowed 10 to 15 cm and 85 to 85 om; vitrlc muditons
E o lu EE cm medium sandstone derk greenish gray (5GY 8/1] 95
£ |3 Muddy vitriz tull and siltions, groenish gr
.E 3 150 5711 110 1o 150 o e tmtd oo 10 t0
£ . 16 em.
a | % Core-Cateher: Several humin of sl sione 4 above
‘% i SMEAR SLIDE SUMMARY
AM| B
Muddy Vitric Tulf
1110
TEXTURE
Sand =
Silt a0
Clay
TOTAL DETRITAL
COMPOSITION: o
1
Cray ol
Valeanic glass 50
Carhonate unsp +
Pannofossiis 20
SITE__ 458 HOLE B CORE 34 CORED INTERVAL: 3115610 321.0m
FOSSIL =
Z |- [ cHaracTEr wlE
ey s 8| 2| crapuic H
e et 2| & 52218 LITHOLOGIC DESCRIPTION
1z (5212(8 5| & | umHotoev[EEiE 2y
w -
£2|onz|2 |8 B = et
=2 :‘z = = e
NANNOFOSSIL VITRIC MUDSTONE WITH MUDDY/SILTY
VITRIC TUFF LAYERS
Seetion 1: 010 26 om, brownish gray (5YA 471} paraliel,
= horirontal laminations i muddy witre Wt 26 10 160 cm;
= gresnish gray [BG 5/1) vitric mudstone with nannolosin
4 Section 2: 0 to 0 em, dightly mattied, laminated moditone;
g areenish gray 156 5/10. © 1o 40 em, light olive gray (B 511,
s very fine sandyione, upper few om Gurrowed. 30 1o 80 em, dightly
2 larninatod
=
= | 3 SMEAR SLIDE SUMMARY
E g Muddy Vitric
Wieric Tult
i 118 a7
L TEXTURE:
and -
Silt 10 50
TOTAL DETRITAL 100
il el COMPOSITION
Foldspar 10 16
Clay 30
Valcanic glass 30 30
Micronimhiles =
Foraminifers —~ 5
Mannatossily - 0

SITE 458 HOLE 8 CORE 36  CORED INTERVAL: 32101033056 m
FOSSIL =
bri = | CHARACTER | sl
v a5l 2 Ziml =
o |ew = | GRAPHIC |a|z%2
- i -
\z :g g 8 E = | uTHoOLO6Y ;UE: LITHOLOGIC DESCRIPTION
;‘3 Ol E wn wl = =39
=t ™ a “ o T
= |= |912|2 & =
w|Z |
MUDSTONE, SILTSTONE, SANDSTONE (SILTY VITRIC
. ‘ TUFF AND SANDY VITRIC TUFF| LAMINATED
Section 1: Grayish olive {10Y 472) thioughoat
010 6 em: Mudstony then olwe gray [5¥ 3/2) wandetone
610 25 em: Siftstane burrgwest
1 251026 em: Brownlah bisck (BYR 2/1) fine sandttons
26 10 41 em: Mudiiong
. 41 1o 46 em: Vosy fine saredstone
F3 3 45 1o 106 em: Mudstone
- 108 to 110 em: Sandutane, grayish red |57 472
§ 110 to 150 em: Mudstene
g Section 22 Mesiatanous Muditone, grayish olive | 10 4/2]
§ slightly laminated
= |'w on 3: Grayith clive [10Y 4721, sty witrsc wuft
= |2 | . Very line sarhitone, color as sbovn
E 2 AP 4 Remarks: Volcans ghags strongly altured; sbundant vesicles:
3 = Araen clays a rewit ot
a 1 =
T SMEAR SLIDE SUMMARY
1 | Vitric WVitrie Silty
ﬂ = Muttstone Mudstone  Vitric Tuff
1101 1114 38
TEXTURE
= Sand = =
= Silt 3 a0 56
Clay 65 &0 45
cPla TOTAL DETRITAL n 00 B0
COMPOSITION:
Fokdipar 10 0 10
My mineraly - 5 o
Clay a5 55 40
Volcanic glass 2% 30 an
Micronodulis - '
Carbonamm unsp. & = -
Faraminiters 5 4 5
Nannofomin 5 5
Radiolarians = #
SITE 459 HOLE B CORE 36 CORED INTERVAL:  330.5 to 340.0 m
FOSSIL
5 5 CHARACTER | I8
o gl 2| er 3
Orlaw o APHIC a
'z :g 2 2 = E LITHOLO GY g:.' LITHOLOGIC DESCRIPTION
e o |
S HHARREE 25
£ |= |9|%|2 =5
TURBIDITES: CLAYSTONE, VITRIC MUDSTONE,
SILTSTONE, SANDSTONE (5ILTY AND SANDY VITRIC
TUFF; typical sequenees of turbidites, sumping.
Suction 1: Gray olive (10 4/2) throughor | lour trbidive
‘- cycles—{ to B0 cm, 75 to 120 em, 120 ta 140 cm; 140cm
H through Sections 2 an 3
0 to 56 em: Fuely larminated, coarser downwards
56 to B0 cm: Sandy wvitric wif
- 60 to 75 em: Slump
= 76 to 120 cm: Claystone 1o mudstong
= 120 to 140 em: Mudston to fire sl
g 140 to 150 em: Mudstons
5 % . Seetion 2: Ofive gray (5Y 4/1) throughout. e enit, 160 em
thick from 109 to bottom is claystone, vitre muditone, sHistone,
2|5 and sandstane.
= ] Saction 3: Erl of sandstone, oflve gray 15Y 411)
E |z A above
aQ : SMEAR SLIDE SUMMARY
. Sandy Vitric Sandy
o Vitic Tutf  Mudstone  Vitrie Tuff
. 160 216 349
. TEXTURE
™ Sanl &0 - 50
. Silt 20 o0 n
CPiB Clay n 70 30
b TOTAL DETRITAL a5 Bs =]
COMPOSITION:
Fubtspar 10 8 o
Clay 5 a0
Valcanic glass &0 10 a0
Micronodules ' = >
Carbonate unsp, - i -
Formminiters ' = -
Nannafosils 15 15 ]
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SITE 450 HOLE B CORE 37 CORED INTERVAL: 340.0t0 3495 m SITE 459 HOLE B CORE 39 CORED INTERVAL: 359.0 to 368.5 m
L FOSSIL L FOSSIL
8 = CHARACTER 2| w g = CHARACTER 2| w § N
o law O| % | GRAPHIC Drlocw O| = | GRAPHIC |p5/5%0
= o = LITHOLOGIC DESCRIPTION - w =, LITHOLOGIC DESCRIPTION
LZ28%|8 £ £ | utkotocy LZ[Z2(8 t| & | urotosy TS
= =:
EaCl FEAE ul= 2 [on212 |3 - FEEE
= |0|%|2 = = |o|Z|2 F e
e | Z | - | Z | e
SILTSTONE AND FINE SANDSTONE [SILTY/SANDY VITRIC TURBIDITES, MUDSTONE, SILTSTONE, SANDSTONE,
TUFF), with laminations snd slumps. with darker bands of SANDY/SILTY VITRIC TUFF;
z Saetion 1: Color grades dowmward betwean olive gray 15Y 32) Section 1:
= 0.5 and oiive block {SY 2711 Oto 70em: Thinly laminated tiltstane, grayiah alies |10V 4721
g ] 01030 cm: Maswva fine samditone and wery fine sandstone with fine mndstone hands, olive black
3 ? 1 3010 60 em: Spartely laminated medium sandstong 15Y 21}
= 80 10 82 om: Firg sandstones with slumg 70 vo 90 em: Mudvtone, gresnish gray (5G 5711 laminated
= 5 10 82 10 150 em; Laminated medium sanditons with slump ani Burrowed
> |3 : Section 2 At sbove 80 to 160 em: Finely larminated st
H 2 Core-Catchar: Ay stive E Section 2. Grayish ol |10Y 4721 throughaut
w 0 to 16 cm: Laminated fire sanditone
a - 16t T0em: Faintly |aminated siitvtons 10 mudsione
SMEAR SLIDE SUMMARY > to 110 em: Fine sendatane
(2L £ 11010 130 em: Muditans
CP|B cC Silty Vitric Tult [hi cher: A atuwe
164
TEXTURE
Samd 20
Silt 40
Clay 40
TOTAL DETRITAL 100
COMPOSITION
Fricwgar 5 CP| B
Homy minetals 5
Clay 40
Volcanic glaw 50
Foraminifers + SITE 469 HOLE B CORE 40 CORED INTERVAL:
FOSSIL s
S |- | cHaracTER | sz
q w =
SITE 4589 HOLE B RE 38 CORED INTERVAL: . X o o P
L2 D5 A wtleel 1, Q| /& | ORAPRIC 8. LITHOLOGIC DESCRIPTION
& FOSSIL = lza52]2 5| & | UITHOLOGY [Zalin 2
g | CHARACTER Sl ;*.1 onl2 § 2 wl = ;32;3
— -3
O |aw 8| 2| crapric L2 = |= [0|%|z & ]
1z |=2(2l8 =B i) O LITHOLOGIC DESCRIPTION | Z |-
"g wolE g ol & | LITHOLOGY SxEUag T B GLAVETON
£ |28(312(8 o= GezE Ad TN SILTa oW E TO FINE SANDSTONE ISILYY 70 SANDY
= |= |O|g|g o ek T VITRIC TUFF), Turtsditic sequences very clear fram top 1o
w|Z o battam: { 1) clayitone, (2} burrowed muditons, (30 laminaton
. wltstone, 18} graced sitmitons o sanditone. One thick saquance
P DITES, MUDSTONE, VITRIC MUDSTONE WITH 1 {Sectians 3 LIz 134 e for other seguamnees, wverage thicknes
' QlLWE AND FINE SANDSTONE {SILTY/SANDY VITRIC i gbout 20
‘I'UFFI slums, ligures are present Secrion 1t Dnln greanish pray [5G 4/1) between 0 1o 15 cm,
Sactlon 1: Color afive gray I5Y /2 10 5Y 4/2), Several aravish grenn (10GY 5721 from 15 cm to 150 cm.
s turbiditic sequancas~0 to 73 cm, 23 10 85 em. == Five cycles: 0w 165 em, 151045 cm, 45 1o 130 em, 130 10
z ) 010 23 emi. Laminated mudstore, itrac madstone, fine ¥ | 146 cm, 148 10 150 com
= muditone at the bottom. Section 2: Color grading dusky yillaw qrenn 1SGY 572) top to
g 23295 em: Laminated rvory 2t Jom. Madium sandstone . grayish brown (SYR 3/2) bottom. Color gradsng yssociatnd with
a1 the Bostom = slzn grading (grayish brown, coarssr).
= |% 9510 110 em: Fine laminated sandstone f Elaven Cyslos: 1 103 em, 3 to 10 em, 10 t0 27 em, 27 10 48 cm,
= | 11016 140 em: Slump in medium sandstone 48 10 60 cm, 63 w BT cm, 67 to 70 cm, 70 10 76 cm, 76 vo 89 cm,
B 140 15 160 s Siltricoe R 99 t0 133 cm, and 133 10 140 ¢cm
5 Section 2: Grewnsh gray (5G 5/1) to dark gresnish gy [5G 471} l Section 3: Color same s abave, betwesn 0 to 105 cm, below 105
ard Wark nrl\r (N3} One turbidite between O and 30 cm, bottom 2 em, grading be tween dutky yaliow green [BGY 5/21 1o grayiash
;‘:dm Mu it 1 by dhrill z i - ok e 190 ¥ Sie
em: Mudstone, defarmel rallirng z - Five cyctes: {piui e begmning of one lange one, extemding through
2 Core-Catcher: Grayish olive grewn [5GY 3721 vitne mudstona, s = Section 4) 0 tp 12 cm, 12 to 36 em, 36 16 106 cm, 105 1o 115 em,
shove 5 ES K 16 10 125 em, 126 e o Secton &, 110 e
Section &1 Cobor i obve gray | /21 throughout, caarse
APl B cC SMEAR SLIDE SUMMARY = % layers darkge, O tp 110 cm=the end ol & eycle beginning in Core
— Bitey Witrie Witric. > Q 40, Sectian 3, 126 em, 110 to 130 cm—g turtneditic cycle.
Vitie Tull  Muditone  Mudstons = 5 Bl Core-Catcher: Pieces ol very fine tanditone 1o 4ilTstans, as shovs
™ ; Remarks: Volcanie glass with lony pipe vevici
110 227 cC-10 3 -
;E:TIJRE - 5 a SMEAR SLIDE SUMMARY
Silt o g 40 3 3
Clay 0 L) E= 2 e
TOTAL DETRITAL 15 BO = =E3
COMPOSITION: 1 _l_ §E #32 o
Faidspar 10 1 0 L. 1145 286 38 =1
Heavy minerals 5 = - TEXTURE:
Tay 50 ] &0 ! Sand 0 10 0 (]
Valeanic glass 20 40 0 Silt 50 50 m 2
Micranodules * " + Clay a0 a0 30 L]
Carbonate unsp 18 0 = TOTAL DETRITAL 100 100 90
Faraminifars = + . COMPOSITION:
MNannofossin 10 10 - Foldupa 15 1m0 0 5
Figh remaing - * - Clay. a0 a0 0 L]
a Valcenic glats 45 50 50 +
Micronadules - 10 "
l Farsminifers = * -
Radiatarisns + -
i Spange spicules - +
FP| B e ish remaing = * *
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SITE 453 HOLE B CORE 41 CORED INTERVAL: 378.010 387.5m SITE 459 HOLE B CORE 43 CORED INTERVAL: 397.0 to 406.5 m
FOSSIL - . FOSSIL -
G |z | CHARACTER | ol pri CHARACTER | | Yo
8. |= zZl 2 x O lzw O = | GRAPHIC |p=|z=0
wh (2w 9| & | GRAPHIC loxizSie == 28 LITHOLOGIC DESCRIPTION
= :g g ‘5 £ E LITHOLO G Y (25| Ox LITHOLOGIC DESCRIPTION 12 :g ; 3 5 £ | utHoloGY :;iUEE
25 |on|<|Z|w wl = =2E20% £-(onl2|Z|a HIE ERrre
E =T|=|Zla n = = €|« =|e—=g
= = [9|%]|2 e = |= [9]Z]|& (Bl Sn
s RP| RP lec ot 1 * Core-Cateher: VITRIC MUDSTONE, tinuly laminated, z L : T T M BLLTSTORE AN
z miholfes IOV A2} 5 ‘T 010 17 em: Medium andvtane, olive hlack 15¥ 201)
g ? 8% SMEAR SLIDE SUMMARY E g B kd 18 10 22 em: Murona, grayish oiive (10Y 4/2)
b o
i 1 30 to 86 em: Lerminatud, yreanish gray (5GY 6/1)
e 1 ] VN Moy £ |2 ! ,_L_ 65to 70 em: Firs sanddsiane, olive gray (5 312)
= ccy _§ & 31 70 to 80 em: Graded from sandstore bottom to siltstune, wive
= 10 TEXTUHE g i aray (100} 16 olbve black (boTIom) umeards
EHE Sarud = w S = B0 10 110 em: Murtutons, dark grasenish gray 185G 401)
= ] 15 110 to 160 em: Siltstone, burrowed, of va bisck lamanarad,
Clay g5 RP| B aresnish gray (BGY 571}
TOTAL DETRITAL a5 " Remarks: Voleanic glass. maenly coborlp, green cliy o a esult
COMPOSITION of altaration.
Feithgae 5
Clay 80 SMEAR SLIDE SUMMARY
Valcanic glass 10 Sandy Silty
Favaminifers 1 Vitrie Tt Witric Tutt
2 Radiatariang 5 117 118
- Fish remaing ’ TEXTURE,
Sand 1o 0
Silt 20 a0
SITE 459 HOLE B CORE 42 CORED INTERVAL: 387.6 10 397.0m Clay 0 50
FOSSIL TOTAL DETRITAL 100 90
. = CHARACTER | w : ” ‘é?.:",;,":“'”“‘ . o
Q. ol = Zie ol = ey mvinerats 5
Or |ew = | GRAPHIC |q4|2%|c
ol A =1 OLOGIC DESCRIPTION Clay 10 30
1z 52|28 S| & |uTHolo Gy [EEes Sy um ) P b+
wa laalglZ v w| = 3=, g; Carbaraty unig. - +
2 (=T =|Zlo Ll oy o ] Faraminifers . -
= |= |9|2| Bl Sen Narofossits ' 10
— Opagues 5
TOS, OH I“AHINAT!D OR GMDEI:II‘-N sY“lgTDNE
ANDSTONE | LAYE
l_ . (SILTY T0 SANDY WITRIC TUFF) 459 HOLE B it b L)
[] Section 1! I}.’nlnh' wlive black {§Y 2/1) below 45 em_ grayich FOSSIL
olive (1 4
1 25“ 45 cm: Laminated sandstone siltstone, cosrser st e bottom =] CHARACTER z| -
3 to 60 em: um. eyele ultstone downwand, mudstone upwards o
 andetane 10 sonse meduin =l g| & LITHOLOGIC DESCRIPTION
5 wol|=|2 ol w
= Saction 2 Olive black (5Y 2/1) from 0 16 90 cm; grayish olés Om|<|Z]|w wl E
B T10¥ 4721 below. 2Mlzlz18 "
z T Ot 11 om; Mudytane, very Tine sandstone, crass-laminated = 0172
- anditone. L
= E 11 ta 50 cm: Mudsrone, ulttrans TURBIDITES, MUDSTOKE, CRYSTAL, VITRIC MUDSTONE
£ 15 . ﬂnn u em: Sandstone, Laminated birrowed and laminated, with SANDSTONE S| LTSTONE
3 E . 90 em: Silivtone Lo msdium sandstane laminated ISANDY/SILTY VITRIC TUFF) GRADED,
<] T “U 10 116 em and 120 to 126 cm: Burrowsd Section 1: Variously colored mudsrons, otten burrawed with
a L& | 126 to 128 om: Sorwistone, NI B sandy/siity layers graded upwarde. Erctionsl contact at the bass
2 u 128 to 138 em: Claystone ol graced wiuences. Graded soquences are darker: grayish
13810 150 em: Laminated Muthione, bottom cosrser Wiock INZ), olive black {BY 2/1), Lsownish gray (SR 4/1), clask
Seetion 3: gray (N3,
0to 26 em: Massive rmudstone (o laminabed dittone dowmsard Section 2: As abowe in Section 1, cycles -0 10 5om, 5 1o 15 em.
_L dusky yellow roen BGY 5/2) 15 10 75 em, an,
= Core-Catcher: icpnsolidated slitstonn, grivh olke green Care Catche
i I5GY 3772}
3 a P, o SMEAR SLIDE SUMMARY
= AR SLIDE SUMMA Swly
FB| B e Siiry sty Cryatal Mudstone
Viic Tufl  Claystons  Vitrie Tuff 1103
150 230 cc TEXTURE:
TEXTURE B|B Sand a0
Sand 20 Silt 30
Silr 0 3 70 Clay an
Clay 30 a7 10 TOTAL DETRITAL
TOTAL DETRITAL 100 100 COMPOSITION
COMPOSITION Fu E5
Feldupar 1] 3 15 Heayy minuraly 10
Clay 0 o5 10 Clay a0
Volcanic glast 0 2 s Ovaques 5
Racliclarians . H
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SITE 4539 HOLE B CORE 45 CORED INTERVAL: 416.0 1o 4255 m

SITE 450 HOLE B CORE 47 CORED INTERVAL: 4360104445 m
FOSSIL FOSSIL -
b o | CHARACTER | o S |- | cHarAcTER = gl=d
Or 2w S| £ | srarmic 3 O au o| 2| craPHIC |o5/758
252
TE b-g ; 3 - E LITHOLOGY 25 LITHOLOGIC DESCRIPTION T-z— ;g g 3 = E LITHOLOGY “-;__25 LITHOLOGIC DESCRIPTION
w o N
S FHE RS = S HHEARRER g2
- b < =5 o = = i =
= = [2]3]3 =3 G EEE i
¥ TURBIDITIC SEQUENCES WITH VITRIC MUDSTONE AND E E VITRIC MARLY NANNOFOSSIL CHALK, turlid tic seuences.,
B SILTSTONE [SILTY VITRIC TUFF} - B Alurnate. {1] finaty bedded vallowish gray (6Y 6/2): 0 to 36
. Calar is generally alie gray (5Y 4/1) with darker N3 10 N4 5 5 E _g cm. and 45 1o 75 cm; (2} stranghy hiotrbat=d darket lithalogy
wilty or sandy Layers, grache], leminated. Silty/sandy vitric % g% (=) 05 light alive gray (Y 5/2)—35 to 45 om and 75 10 160 cm
it at & 10 6 em. 49 10 51 an, 55 1o 85 om, 7510 85 am, ] .
1 Diutirtly graded upwards berwsen 55 and 85 cm and 76 1w 3= § ] 1 SMEAR SLIDE SUMMARY
e =TIE e Vitric Marly
EHE: ] Nannofossil Chalk
B|B . SMEAR SLIDE SUMMARY E i 10 s
Vitrie Mutstons £3 TEXTURE
134 S5 |amire Sand -
TEXTURE 1 Sih 3
Sarad - Ciny 65
Silt 20 TOTAL DETRITAL 60
Ty B0 COMPOSITION
COMPOSITION Feldipat o
Feltspar 5 Clay 36
e i
Zonime r Keretoni 5
cw A h
pacues +
SITE_459 HOLE B CORE 43 CORED INTERVAL: 444.5 to 454.0 m
FOSSIL i
% |- | cHaracTEr
SITE 459 HOLE B CORE 46 CORED INTERVAL: 4255104350 m o, |2, 5 2 | GEnpiic :.._E
FOSSIL [ bl I I 2| & 2216 LITHOLOGIC DESCRIPTION
™ wlz 1z 21218 5| & | uTHOLO GY [Z5{=E 0y
u ol CHARACTER 5 ol ws og - 4 S g £ = 2;
w | s
Srlwul |, 2| | [araruig 3.l LITHOLOGIC DESCRIPTION AL 2 B e
1z :;ggg G| & | uTHoLOGY [Zaizr=y HEAE
s7onlZl2 ]2 el = s cPlB . MARLY NANNOFOSSIL CHALK AND VITRIC MARLY
= |= |o|d|= = NANNOFOSSIL CHALK, thin laminated, coarser dawnwardi in
= | Z | e Ity By 8 Z mach sequence.
I : Z Saction 1:
_! TURBIDITIC SEQUENCES WITH NANNOFOSSIL CHALK, = 5 0t 36 cm: Thin laminated chalk: coster downwards. gresnish
NANNOFOSSIL VITRIC MUDSTONE, LAMINATED AND = yallow green (SGY 7/2). vertical dewatering structires
GRADED SILTSTONE AND SANDSTONE (SILTY/SANDY | =} 35 to 46 em: Burrowed and dasker BGY 672
VITRIC TUFF}, Mudstone and chalk strongly biaterbatod e A5 to B0 cm:  Lamsnated
Mini clastic dikes in the upper pan of sequences, formed shorty 2 .g 50 to B0 cm: Highly bigturdated olive gray I6Y 371 10 5¥ 4/1)
1 alter burraw Tormation. -k M 60 to 90 em: Thinky lamingted
cRlRP Section 1: = 90 to 150 con: Bloturbated, attarnata 0.5 to 3 an thack vty
= ! 010 92.5 em: Mamiy Hght olive gray (8Y 521 g‘ 1o ety Lyers
= 92.5 to 140 em: Mainly berween light olive gray (BY 6/2) and = Section 2:
2 |z yallowith gray (BY 772}, Frequent intorcalations of thin sandy =] 1o 5 em: Burrowed
§ E tayers, browrnish black (BYR 271} or dark gray IN3], Blackih e G B 1o 10 om: Laminated
- Chaiol sioia red (BY /2] and paie redd (10R 8/2) nannofossi vitric | 1010 20 sz Buireesd
= mudstone (85 1o 90 em). FPl B | voiD 20 1o 30 em: Laminated
> Saction 2: Mainly alive gray (5Y 4/1). Sandy layers s darkes — 30 to 35 em: Burrowed; calor is dark. yellowish Lrown (10YR 4/2=
F} Beownish black (SYR 2/1), pale red (5R 6/2), dusky red 110 10 em); graysh yellow graen [SGY 8/2=10 1o 40 cml,
w 110R 272), yollowish brown (10YR 8/21. Sandy fayers at 10 om, Core-Catcher: /s sbowie
2 20 1o 26 em, 48 10 51 em, and 65 1o 70 cm [graded bed] Remarks: Clay increses upwards. nannalosl chalk decreass
a Core-Catcher: Noemal Faulting: two pieces of step-taulied olive upvrardt both itarting with Core 48.
2 ‘ [ @y 1o light olive gray mudstane, Upper Piece: Fault planes
RP ~ 35" dtip formed before burrows. Lowsr Piece: Faulr planes SMEAR SLIDE SUMMARY
approximataly vertical, farmed atter burrows.
. Witrie Marly
i SMEAR SLIDE SUMMARY u..n\; Chalk Nuuu:h‘;d Chalk
121
AP|B b vein Vitric Mudstona  Chalk Chalk JERTURE: -
1486 183 2100 S 5 20
TEXTURE: Clay a5 a0
Sand - - - TOTAL DETRITAL 45 60
Sily a0 5 5 COMPOSITION:
Clay 60 85 95 Feldinar » 10
TOTAL DETRITAL 8BS 30 a0 Clay an a0
COMPOSITION Volganic glass 5 10
Felispar % B 5 Carbanate unsg o 10
Haavy minerats 6 - - Nannofouils 45 30
46 20 E -]
Volcanc ghass 1w ) +
Carbonate ump. . 10 i
MNannalosily 15 60 80
P_-dunlm farn = - he
ish remaing - - +
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SITE 459 HOLE &8 CORE 49 CORED INTERVAL: 454,010 4635 m 5ITE 459 HOLE B CORE 51 CORED INTERVAL: 473.0 to 4825 m
FOSSIL 5 FOSSIL
g v [ cHaracTer || i E v | cHaRacTER || s
ol O| Z | GRAPHIC |oa|2%5 [ o| 2| srapHIC 2
== lezlw|a = & 8. LITHOLOGIC DESCRIPTION == XS an == it B LITHOLOGIC DESCRIPTION
wZ[»0|Z|2 G| & | LITHOLOGY [Zal ot o Lz [23[2|8 E| & | utHoloGY 2
=] Z5 0l = i
o SHHARRER 28 SESHHARNER :
= = |2|Z|3 CiEte e = = [0]F|2 =3
§ AM = MARLY NANNOFOSSIL CHALK WITH SILTY AND SANDY - VITRIC MARLY NANNOFOSSIL CHALK, laminuted maily
-2 = LAYERS. Calar is grayish olive green [3GY 3720 or slightly > nannotossil chalk with small scate srosional boundaries. Color i
Nighues, Fainily laminated and vertically diked dewitering i, pal genarally pale alive [10Y 0/20. Min-baults and mini-dikes
a 05 = structures, Very dutormad ty drilling betwean 60 and 110 om. z ok (Y A throughout
i Laminated batween 16 1o 35 om. Coarser layer (digmeter of - . 1 tlon 1:
g 2 1 s siements 110 5 mm] 20 1o 30 om g 1 A ’ ;: :Sx: Em;.u;::]wm..m aned laeminated
- ¢ Bitur
¥ . 135 10 140 em: Siightly darkar than maodsrate yaliowah
E P8 19 . _E E beown (10YR 5id)
3 3 Section 2: As sbowe
e 3 Dtobem: Bioturhated, brownish
£ g | Eto70cm: Laminatod, yablowish gray (5Y 7/2)
& = | = Faults common {narmal)
§ ap Core-Carchar: As abave
SMEAR SLIDE SUMMARY
SITE 459 HOLE B CORE 5O CORED INTERVAL: 4635104720 m § S ondbir
FOSSIL > Nannofossil Chalk
o |= | cHARACTER = sl AP| B S
o, :m o 2 GRAPHIC 2;'5 X TEXTURE
Tz l=2|2|8 =R L2low LITHOLOGIC DESCRIPTION =
Lz |a5|2(2 G| & | UTHOLOGY Zlin o Sit »
Wy =
£ on|3|2|g w| = So523% 70
Z s |3]3|2 e
" w|Z e W
o] 40
MARLY NANNOFOSSIL CHALK WITH SANDSTONE, g:::l:::‘“ ?0
SILTSTONE AND CONGLOMERATE, Bicturbation and Marmafoits 2
M noemal faulting thiy 1 {-pelinitnisg ?
1 Ba Section 11 Groenah geay (5GY B/1) 1o olwe gray (5Y 4/1) Some ik arsalna .
¥ brevwnish bleck sandy layo; noremal fslts are common,
ddewatering structures 20 10 26 cm. Drilling disturbance st
weth dirilling paste wrroutidng blocks. Bioturation und faulting
A also present (50 10 130 cmb, Stengly bioturbsted 130 1o 160 cm
= ! Section 2: Strongly binturbated thraughout, olive black {5 2/1)
= i 10 ofive gray BY 4/1], Freguent N3 sandy layers. Conglomasate
= 710 12om. Reworking: siticified claystane, muditone, sandy
B o b witric nut, silty vitric tutt, all in pebisles 0.5 10 3.6 cm in dismeter,
oo Seetion 3: Strong boturbation all through the sequence; original
2 | Rayered striscture is hardly visibbe, Colors are laght allve gray
; {5Y 5421, pate brawn (5YR 5/2), pale yellowish brown [ 10YR 6/21,
g | yellowien geay (5Y 7/31.
= E‘ Core-Catcher: s above
5 | &
4 ] SMEAR SLIDE SUMMARY
3 | ey Sandy Silty
i’ Vitric Tutf Virie Tult
| {Pabblas in Conglomerats|
270 20
| TEXTURE:
Sand 45 30
S 0 ]
Ciay. 5 20
TOTAL DETAITAL 100 100
ad COMPOSITION
Feldwar 1% o
Heawy minerals - 5
Clay 25 0
WVolcanic glass L] 65
Racdiolarians . o
AP [RP
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SITE 450 HOLE B CORE 52 CORED INTERVAL: 4825104920 m SITE 459 MOLE 8 CORE 53 CORED INTERVAL: 492010 5015m
FOSSIL 4 FOssIL
5 l= | cHaracrer o sied 5 |= [cHaracrer o
- w = o, < w
o |ew o] = GRAPHIC p=iiry o & e w 0| = GRAPHIC
= w =1 LITHOLOGIC DESCRIPTION = w =] LITHOLOGIC DESCRIPTION
Lz(28(%|8 5| @ [ritHoloGY ;3505 LZ[23]2|8 £l & | utHotooy
7|24 %1z)8 o = Gaxs =7 2N512138 HE
= |= [9|F|2 B i S - |= (9|2
MARLY HANNDFOSSIL LIMESTONE, VITRIC MARLY
» NANNOFOSSIL CHALK, CLAYSTONE with CROSS- MARLY NANNOFOSSIL CHALK, MUDSTONE WITH SILTY
LAMINATED AND GRADED SILTY TO SANDY VITRIC TUFF VITRIC LAYERS (SILTSTONEL Normal feuliing throughout
LAYERS (TURBIDITES] IDEAL. mr.
Sequence FETRY o 1
Brighily fractured Do 8em: Loninated
AP \ Light brown AP gwgm: :ﬂua-w
IBYR 58} 1o 26 cm: Fine sandstons, graded
Microdikes, tioturbated Betweon 26 and 150 em: Several eyches with graded sandstone
. z Howrward and barsowod muadsione upward. Light olbe gray
Massive = 5Y 5/2) throughoul extensive normal faditing,
Bection 21 Simular to Sectian 1, but meaes sandy Linvers, brownish
Grayish yaliow Laminated black [EYR 2711 and dark aray (N1 10 aeneral the codor i
meen (5GY 7071 ayish aliv (10 4/2], Extantive normal faubting throughoart
Bt ke Crowslaminaied, graded g mamm :nlauﬂ:an predaminates oflve aray (5 4/21,
v L i e B0 em.
ki Saction 4!
Fracturing snd taulting {narmal), ncreasing downwart § E 0 to 30 cm: Fine sanditone Laminated gravih alive green
) Section 13 Six turbietitic suquances. fining upward, ] 156G 37,
AP 010 10 am: Olive gray (5Y 3/2) 2 30 10 45 em: Light gray INT) chalk
10 to 16 em: Dusky \;‘Mluw (BY G} 3 § 45 to B5 em: Dusky vellow gresn mudstone, fauits and diker
1510 45 cm: SGY 7/ ang comman
- 45 to 90 em: SYA 5/8 10 5GY /2 downward Core-Carcher: Gresnith yellow gresn [BGY 1021 with layers and
90 to 110 em: SGY 712 patchos (burrows?| grayish olive groen (5GY A7}
110 ta 146 om: Light (YR 5/6] Diewatering stroctures 1684 10 106 cm, 2.0 to 10 cm, 62 10 66 cm;
45 to 160 cm: 5YF 56 318 to 22 em, 42 10 60 em; 812 1o 15 cm, A8 to 52 cm.
Section 2: One turbiditic saquence batween 0 and 110 om; anoths:
3 beging betweon 110 snd 150 om SMEAR SLIDE SUMMARY
Section 3: 1 to 15 cm end of previows sequence. Laminated Silty
15 to 45 cm.
AP Corn-Catchar: As abowve, claystans fractured, light ollve groy WVitrio Tuff N-mnlualr Chalk  Muditons
5Y a2 17 1.76 2123
8 |Re i1 Remarks: Clayitons seems to be siticified: dewatering microdiing TEXTURE:
developed in claystone bands in Section 1, 10 to 18 cm. 46 1o §am - - -
A% em, B0 1090 om, 125 1o 120 em, 135 10 139 am; in Section 2 APl B Elilil gg ‘; ;l;
-] v
%a.28 o TOTAL DETRITAL BO 42 100
COMPOSITION:
SMEAR SLIDE SUMMARY % Feldspar 10 | 5
] Clay 40 40 80
ﬁ & Volcenic glass 1 &
Carborate unig. 0 -
! s Hi 22 Faraminifers + -
ié E ; 'Ei Mannofosils 38 -
a £3
e 118 213
TEXTURE
Sard - - -
Sil 3 20 &}
Clay ar 80 9%
TOTAL DETRITAL o8 0 0
COMPOSITION:
Faldipar 3 5 2
Clay 3 46 85
Volcanic glas U 15 3
Carbanate unsp = o -
Mannofossit L] 30

6S¥ HLIS
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SITE 459 HOLE B CORE 54 CORED INTERVAL:  501.51t0511.0m SITE 459 HOLE B CORE__ 56 CORED INTERVAL: 511010 5205 m
FOSSIL = FOSSIL i
% |~ |[_cHamacTER 2 " % |- |LCHARACTER L gl
O, < F w R’ Zz - o < v Z|mat=
el |=w g] & [ ckarnic S LITHOLOGIC DESCRIPTION s fow Q| & | GRAPHIC jodlzSio LITHOLOGIC DESCRIPTION
1z (h32 8 5| & | urHoloGY ;;g‘s 1z |=2|2 8 5| & | urHoloey g%;
£2|oNgI2l8) | |3 * =22 2eMZ|zlg) | (A F Slasizs
= |= |9|1F|2 = = |= [9|%|2 B[ 5o
MARLY NMNFWII. CMI.K VITRIC MARLY  — — NANNOFOSSIL LIMESTONE AND MARLY NANNOFOSSIL
L CHALK . Twa twrge T = LIMESTONE, to Section 2, 120 cm, drilling breceia highty
araded units: (untidites] mulwmnnmnu The coarser . E— = fracrored, From Section 2, 20 cm. rarnofossil limestone wwl
i graded senditone with reworked forsminilers and volcaniclutic 05 e — marly nanr\eluml lirmesione
= AP matorioh {gloss foldsger), Tensional miniisults s common e Section 1
z 1 {normal fautts) 1| == 010 20 em: 5Y 372
r Section V: Upper part of an upward Kining unit starting from . 20 10 30 emn: Mudstone snd sy mudinone, Lrowinish ieck
g Secrion 4 (30 e 53 cel might be the uppesmost continuation of - —— — I5YR 2/1)
§ the sarme unit. Color is stightly lighter than greenish gray 1 I T 30 10 35 em: Laminated claystons, pale blus green (BBG 7/2)
£ [5G 6/1). Almost uniform but grainsize increses viry slightly —— " 36 10 120 om: Marly chalk and limitone_ grayivh olive green
B o, = {8GY 421
: Section 2: Continu from shave, slightly coarses T—— 120 10 125 em: Greenish yatlow green (SGY 773
Section 3: Continued from sbave, greenish gray 156 5/1) Topa y e—— 125 1o 160 om: Oiive gray 16Y 320
_E vary fine sandstane; bottom fine sandstone with patches ——r" Saction 2. A abiove. Above 120 cm cither hinhily fractured ol
b3 thioughout. Dusky green Oraing up 1o 2 mim acrow, smoressing  —— drilling paste. Lithalogy s the lower 2/3 of Ssction 1. Grayish
E dowrwards. — alive (10 4/2) (mosthy)
Section 4; — - 115 to 150 em: Massive lisnesrone, grayih yellow groes (5GY 37}
& 0o Bem: Fing sandstonn 56 /1 e Bection 3: Lumestone, grayish yellow green (BGY 7/2)
510 30 emi Alternate layers of darker end laghter |iihologes 2 —_——— Section 4: 0 to 10 om i drilling paste. Clay-tize [imastons hatwsen
3 em: Graded sanditone with sndant foraminiters, probably ———— firayish oranga | 10YR 7/4) and yebowish gray [5Y 7/21
reworked S B Core-Catcher: Al intwmaly ractured; from 60 10 B cm color
L] 31 1o Bl em: I.lm-umo :ular olive gray [BY 372} e ——— chaivges abruptly 1o yellowih gray ISY 7720 Lithalogy s stiove
‘tersional mini < (10 to 30 com, 60 to 110 ¢m, - = T
'Ilﬁwlwcmldunlml-llﬁan 3.6 om, larger than  ——
13cm —— SMEAR SLIDE SUMMARY
Section 5: Grayish oiive (10 4/2); teminated graded ndy = -
£ Taysr (0 to & em): bioturbated (5 10 20 cm); lamimated and i e Mrmnofautil """I'." Nanaotoisl
g faultert 120 1o 30 em) e Limartorn: """';:"'
- T T 8 340 A
5 SMEAR SLIDE SUMMARY e | TEXTURE
- . Sand
2 cp El E z 3| I Silt 1 5
Yz g i ; 7 c‘m" DETR 9; gg
. AL DETRITAL Z
£ : 2 £ i z ] voIo COMPOSITION:
3 == Feldspae 3 2
: nin : : ciy » 3
= s Volcanic glass - 3
] ’ 395 416 4m H = e Carbara intp. 7 =
" v | * TEXTURE: B = I Foraminifers L 2
£ . Sand e = 80 =} — Nasnotosiis 50 60
= T Sily 2 30 4 8 =
oy Clay 8 0 - L =
2 a TOTAL DETRITAL 4z a0 100 p——
& COMPOSITION: 4 =
Fentsniar z 5w —
Heavy maneraly = - —
5 Ciny w m - crlm = .
(’ WVoleanic glats mn 25 25 ]
Carbionato unsp. * o -
Foraminifers B ] 1]
Nannofossity 50 20 1 .
Distorms 1
5 Radiolarians Reworked? N
B (B g0 gcules b
Figh rgmging > 4
5 B
3 wvom
& 3
==
cC .
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SITE 459 HOLE CORE 56 CORED INTERVAL: 520.5 1o 530.0m SITE 459 HOLE B CORE 67 CORED INTERVAL: 530.0 10 5395 m
FOSSIL FOSSIL o
¥ CHARACTER = x | | cHaracTER
o l= Zl 2 H o |2 8| 2| crarmi 5
mh el | Q| % | GRAPHIC |odlz5l0 LITHOLOGIC DESCRIPTION ) bt [ 7 2| & G 2. LITHOLOGIC DESCRIPTION
Iz :g % 8 s LITHOLO GY [Zal= O 1z wolE g o| & | LITHOLOGY 2z
= -
FEAEMEIEE |l = —ol=32% £2 (o~ 2|28 w oz 2%
3 el Z]|a w —n|Oe| = - |= = |
- |= |o|%|< = et = = |9|2|2 s
- el 8 o) [ =
._:' T _; - -] * OSSIL L and durky brown AP CLAYSTONE, MARLY HMNOFOSSII. CHALK AND MARLY
T T - Ll T with layers.
———. 3 FORAMINIFERS]. 1 Foru!!ml‘m premnlv rewarked in sanditone
e m— £ Segtion 1: Mastive limestons, rarely visithe motting throughout, Section 1: Swme a in Core 56, Section 4, but the proponion of
L e inchined a5 indicated. Grayish yellow graen (5GY 7/21 in color B peownish material incrases, sspaciaily st 130 to 150 om
——— Slignthy coarser downward 1 108 to 113 em, 70 to 85 cm. A vesicular “basaltic” pebible 4.5 cm
! e e Section 2: Continuation from Seotion 1 down 10 108 cm, In dlameter {28 1e 31 cm] accurs in greanish yailow graen
T —— |6GY 7/2) sanditone with foraminifers and nannolosils
s Seetion 2: Claystone, moderate brown (5Y R 4/4)
A2} marly mdk, itlad with drifling p gﬁuéu;;a ok, 30 em; 25" dip
At 137 em: Claystone in a thin pale green (1 12} bandd, 32 10 40 em: Darker 5YR 304
= Saction 3: Cuntinued from Section 2; macrodikes Sotur a1 v ug e 70 t0 100 em: Iniercalation of fine sandstone 105 cm or lesd,
ro— =" - af u[l;“ hllol‘nq units r?;:mm;;na “I’::l:flll 4 2rdip
S ——— -~ 11010 om: Olive gray microdike o [, 10510 110 em: Dasker 5YR 374
T Ty = 1010 VS em: Very light gray, lsminated E ~ 120 10 160 em: Highty bioturtated mary chalk batween yellowish
e — - 15 t0 30 em: Diive grav (5Y 4/2) H ray (BY 7/2] and grayish orange pink {BYR 712}
71 e WenMon: Lamimoed B Section 3: Strongly bioturbated maly rannofossl [mestone i
e e— ™ 36 to B8 em: Bioturbated yaliowish gray (5% 7/3] B chalk, Original layerng i rasely vesibde. The inclination of tedding
2 e e 98 to 100 cm: Lamanated silisions = E 2 o # indicated in 1ne Sruttures cotumn.
— 100 to 120 em: Microdikes (SR /4 o |z = Core-Catchar: Yallowith gray (5Y. 772 with darker bands N§
T - 120 to 150 am: Biomwrbated and laminated downwards, yeliowish g = oy Remarks: Section 1, 0 ta 110 cm s interpoatod &6 & mass fow
—— gray (5Y 7721 depanit
= = Focuion 41 Dusky brown (EYR 2/2) throughout with beds, matties
) or patches of moderste brown (5 R 4/4); boundary sharp o 14 n SMEAR SLIDE SUMMARY
T a t . gratual, miesodiking extensive . -
Core-Catcher: As above, ciaystane Macty Nanng-
g ce Ramarks: Dusky trown color in Section 4 and Core-Catcher. - Sancitons leidll‘:,nnm Nannotousl
3 Fragments of faraminifers probably reworked in & urbidite 8 ] - iy
5|3 W {Sectian 2, 104 eml. Dewataring microdiking common, AP = T i 127 3465 cc
g5 wspecially in Section 4 3 s':TUH i -
13 3 o 28 &in 50 i as
- o
g SuEAR SLIDES 1§ & TOTAL DETRITAL 50 an 45
o i % 5 AP|RP cc . COMPOSITION.
‘ Z5 £ et —— Frlspar 10 - 3
i 4 ey minaraly - 7
' £ £ Ciuy b a0 @
1] g3 % i § Carbonate unsp. 10 0
' £ i ] £ Foraminifery a0 & =
k & i & 3 L] Nannaluisis 30 i 50
i 10 2108 2937
TEXTURE:
Sand
4 it Sin 5 15 4
Clay 95 85 95
il TOTAL DETRITAL 40 100
COMPOSITION:
nl. Faldipar - . 2
Clay a0 %5
Wolcanic glass - 2
Carhonate unsp. b - ) -4
AP B cc 1] Faraminitar 5 s -
Nannofosity &5 65
SMEAR SLIDE SUMMARY
10 4130 cc-22
TEXTURE:
Sand - - -
Sil 25 5 &
Clay 75 g5 a5
TOTAL DETRITAL 100 98 100
COMPOSITION:
Feldspar 25 8 5
Clay % B8 s
Vileanic glass - H -
Carbonatn unip. - - a3
Forarminifers - 1 -
Hannotowi - 1 *
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SITE HOLE B 58 CORED INTERVAL: 539510 549.0m 459 HOLE B CORE 60  CORED INTERVAL: 558.5 to 568.0 m
FOSSIL FOSSIL
i CHARACTER x | CHARACTER
o |Suw 8| 2| erarmic O |Fw 3| 2| crarmic
= w =] W HOLOGIC DESCRIPTION B w =l W LITHOLOGIC DESCRIPTION
1z (=2/2|8 5| £ | urHotoey il 1z (22128 t| & | utnotosy ! 5
s W w
139'2'5_53 H £ 12MEZ 8 al =
= = |oz|2 s = |22
2 Limestone SILICEOUS MUDSTONE WITH SANDY VITRIC TUFF = AP B SOFT CLAYSTONE
£ AP|RP LAYERS, light brown (6YR 5/6] 10 maderate brown = B Possibily silicified, dusky yeliowish brown (10YH 2071, lhﬂ"l“f
{5YR 5/81. Lithology changes similar to Core 56, Section 4, &‘ lighter below 26 em. Slickenuider, very abundant.
H 42 cm: Micradikes  and in Core 57, Sectsan 2 (115 eml, but mace sandy. Cosrser, 2 05 pieces of claystone (30 to 40 cm) First sdimant on lhl (w ol
g darker bods stippled, madium light gray {NG). Sandy and E . igneous rocks. Piece No. 5: piece of claystone bounded wi
r 3 Microdikis silty Wil Layers sre gradad: dusky yallowish brown [10YR 2721 E 1 - .,“,"m Tace, dark dusky brown {5YR 2/2), and illw\tlr
o |3 © As abave, light brown (5Y R 5/6] £ -
- Remarks: Section 2, 118 cm 1o Secrion 3, 180 cm i i3 I.O—_ m-.-lu Chays & @ resull of alteratson of volcaniclaatic
E iterpreted 0 8 M flow depotit - n IGNEOUS materiats
3 ROCKS
. SMEAR SLIDE SUMMARY
SMEAR SLIDE SUMMARY ~ _ -
M = =
¥ s E i £l
= > E i
s Hegs i H i
i) 5 3
AF kP Boiow B3 cm: = & £ 35 L Eggi = éi
2 Brittly fractured 1100 1103 231 2113 380
drilling paste filly TEXTURE: 15 110 128
most of the liner Sancl 0 e B0 - 50 TEXTURE:
Silt 20 w10 30 Sand
Clay 40 B0 - o0 20 S 5 2 1

ix TOTAL DETRITAL 100 82 100 100 100 Clay a5 o8 99

=+ COMPOSITION TOTALDETRITAL 100 100 100
s ® Feldspar ] 5 15 10 COMPOSITION:

] Heavy minarals 2 - 1% - Feldspar 5 H 1
= Clay 40 T 50 75 0 Hevy minerali - . -
g |EF Libht sl gray Valesiic giass 8 5§ - w88 > o5 a8 0
5 |EH I5Y 5721 Hock fraaments - - 0 - Wicronothilas & . .

E and Graylsh Radialarians + 8 - -

£ £ 3 olive [10Y &/2) Sponge spiculet - 10 - - =

& Fish remaing = * - = -
Moderate browns
ISYR 4/4 and Balow 50 cm: igneous rock (dascribed on next sheet)
B |RP 5YR 341
cc
RP|RP i
SITE 459 HOLE B CORE 63 CORED INTERVAL: 587.0 0 696.5 m
FOSSIL
SITE 459 HOLE B CORE 59  CORED INTERVAL:  549.0 to 558.5 m 2 |_ | cHaracTER e
FOSSIL o, |2 4 H
% |- | cHaracTER z Ll i~ I 5 & | GRAPHIC B LITHOLOGIC DESCRIPTION
3 < 5 - 21l A Bk ol & LITHOLOGY|Z ;hsx
- e I - =

3= = PR Y 2| B | GRAPHIC logizgio | LITHOLOGIC DESCRIPTION EREEIE T ul = 2532

Lz |25l 2 =l S | LUITHOLOGY [Zwm|a %) = |= |o|=|=2 =

w3393z gl % BT = 21z |= i

£ |SME|Z|8 n axzE == T

= |z |loldl= Z|uelE AP &= e “Section 1

= | Z e sy et - 110 10 em: Pisces of claystons and nanaofossil imastones

- probably reworked from above during drilling,

3 CLAYSTONE, light brown (5 R /6], softer and cosrar 1

= b oatwesn 0 1o 110 cm, and firmer and finer batween 110 ta 150 em, 05 SMEAR SLIDE SUMMARY

E 66 1o 76 om: Thee larger pieces of cherts, grayish brown = 5

3 (6VR 7 = i o—

2 é 90 10 95 em: Microdikes ]
§ - % 125 to 135 em: Pinces of silicifind dlaystane (BYR 3/2). 1.0 111010 1110
w 2 B |CM| Calors are moderatn brown (5Y R 4/4] 10 light olive eray - TEXTURE:
2 [l I5Y 5/2), etippled partion stained to dark gray (N3, . Sand - -
= tcher: Batween moderate brown (5YR 4/41 and light .| Salt i -
B olive gray [5Y 5/2), Some bedding planes stained ta dark gray Clay o8 100
N3 una N4}, TOTAL DETRITAL as 40
3 I Romarks: Fadiolaria s pressnt in some lewels making tham COMPOSITION:
z |z = silicevus claystone 4 Feldipar 2 -

= -1 Clay 87 40

2 SMEAR SLIDE SUMMARY = Nanrufosits - &0

,E 8 |rp B Clayrtons 2 . Distoms 1 -

% @ {altarnating volcanic glass)

= 1138

3 RP [RP B TEXTURE:

= Sand :

Silt 5
Clay a6
TOTAL DETRITAL 100
COMPOSITION
Feldspar 5
Hamvy mineraly +
%

Hematit +
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B0-4598-60 4674.0-4583.6 m (558.5.568.0 m, BSF)

Claystone and aphyric basalt

Section 1, 0-40 cm, Claystone.

Section 1, 40-150 ¢m and Section 2. Fine 10 madium-grained,
highly vesicular [0.1-3 mm, 30-40%) nearly holocrystalline pervasively
altared aphyric basalt, Colar is gresnish-gray (BY 5/1] with mesostasis
altered to brown clay {oxidized?). Carbonate is present as extorior
turtace coatings and as vesicia(?) fillings. Some clay on exterior
fracture surfaces is pink in color. Apparently, the core is partof a
massive flow unit, possibly nearly 30 meters thick.

Thin Section Descriptions

60-1, 44.47 cm, Altered microlitic 1o spherulitic aphyric basalt. Probable

top of large flow or $ill. The rock containg sbout 15% skeletal elongate
of d sbout 5% cli herulites (fibrous)

and about 2% opaques. There are about 15% rregular vesicles 10.1.0.5

mm). The rest is microcrystalline to glassy mescstasis, generally

sitered 1o clays. Texture is quite variabie in this thin section (spharu:

litic on one side, microlitic on the other},

60-1, 113-115 em. Subophitic to intersertal aphyric basalt. The rock

contains about 40% pi, fase, 30% oy L 3E% g
25% vesicles (0.2-0.4 mm), and sbout 25% altared and davitrified glass.
Vesicles ara filled with carbonate and perhaps orange-brown ohotropic
" Clays, F ides, and pal itel?) replace glass m
well as material betwesn plagioclase and cox.
60-2, 28-31 em. Spt ic to iedi tal basalt. The rock
containg i st of plagi {Angg 7! and more
abundant augite. The groundmass consists of B0% plagioclase, 20% cling-

pyroxena, and about 1% titanomagnetite (all formed at high undercooling).

Davitritied and partly altered glass, and vesicles, divide the rest of tha
groundmass. Alteration is pervasive to clays and Fe-oxides.

60-2, 96-98 cm. Intersertal aphyric basalt. The rock cantaing abour 30%
euhadral to skeletal plagioclase {““75-?0" 206 granular clinopyroxens

{2V~ = 65" augite) and cubic to elongate/selatal titanomagnetita. Thare

are 3% vesicles up to 0.5 mm and irreguiarly shaped, and 40% mesostasis.
The latter |s cryptocrystalline but with skeletal plagiociase, skeletal

i ite, and itic i Tha 15 ako
contains about 5% carbonate, soma clays, and traces of zeolite and Fa-
hydroxides.

Rock
< T MDF . S D Type

601, 121124 em 4.11x107 109+ 4138 —  —
60-1,124126cm  —— — 378 249 Bash
602, 30-32em - —_— = 361 240 Basalt
602, B163em 320a0¥ B0 414 — — =
604508.61 4683,5.4693,0 m (568.0.577.5 m, BSF)
Aphyric basalt

Fine- to medium-grained, wesicular {20-30%, 0.1-1 mm), nearly holo-

crystalline, fairly massive it. The rocksare ively mod-
eratuly altered, Their mesostasis is altered 1o brown and apple green
clay minerals. Carbonste is present on exterior Iracture surfaces and as
wasicle fillings, Several pieces hawe distinct alteration rinds of browner
[oxidizad} material. Thers are minor veins of yallow-green clay, Section
2 s less vesicular than Section 1, and has greener clays.

Thin Section Descriptions
1.1, 106-107 em. Quartz diabase. Textura is subophitic, intergranular,
and micropegmatitic. The orck is aphyric. It consists of about 67%

plagioclase (0.1-1 mm; “"50-55}' 7% pigeanite, 3% titanomagnetite, 20%
devitrified and altered glass, 1% quartz, and 2% alkali feldspar, The latter

forms i il with quartz. The rock
s about 3% vesicles and 10-15% alteration minerals, mainly clays in
wvesicles and replacing glass. There may also be minor zeolites,

61-1, 126-129 cm. Diabase. This rock i vary similar to the ane just
dscribed, bat has less glass fonly 10%, again totully shetl, no guartz
or alkall feldspar, and includes carbonate smong its secondary minerals.
612, 89-70 em. Diabase. This rock is similar to the two just described,
but has less than 1% clinopyroxens phanocrysts (a single glomero-
cryst]. Plag is N‘-m.
Rock

Inam MDF  Ine. 3 o Type
611, B587em 053107 87 - 87 - ——
611, 89.101 em - _— - 442 259 Baalt
€1.1,140.142cm 060x107 B0 103 — - —
61-2, 6569 cm _ —_— - 443 Basalt
61.2, 81.82cm IJ_?:HIID'; 123+ -154 —_— — ==
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60-4598-62 4693.0-4707.6 m (577.6.687.0 m, BSF}

Aphyric basalt

Fine- to medium-grained moderately altered aphyric basalt. Grainsize

is fairly uniform throughout the core, which appears to represent the
lower part of a fairly massive flow sequence at the top of basement at
this site, The basalt is greenish-gray (BGY 5/1) 1o olive gray (5Y 4/2)
near oxidization rinds. Several pieces have oxidationrinds as shown by
the dotted lines, Clear to blackish green clays ling fractures and oecur
on sxterior fracture surfaces, The mesostasis is altered to green and
brown clays,

Thin Section Dwescription

62-1, 44-46 cm. Subophitic to interstitial basaly. The rack is aphyric,
and contains 7% plagioclase (Angpl, 15% augite, and 3% skeletal
titanomagnetite. There is about 25% altared, devitritied, sometimes.
spherulitic glass, and 10% irregular vesicles up ta 7 mm in size, Clays
are 5 10%, and fill vesicles and replace glassy interstitial material.

Rack

JNRM MDF  Inc. 5 D Typa

621, 4650 cm — -_— — 440 —  Basalt
62-1,47-48 em 124x10° 138 —145 _— = -

60-4598-63 4707.5-4712.0 m (587.0-586.6 m, BSF)

Claystone (drilling breccis) and aphyric basalt

1-10 cm, Pieces of and i . probably
reworked from above during drilling.

10-125 cm. Fine- to medium-grainad aphyric moderately to intensaly
alerad aphyric basalt. Grain-size is finer than in previous cores, and
there is bess clay alteration of the mesostasks. Some greenish-black clays
coal exterior fracture surfaces, Vesicularity varies considerably (3.5%
20% 0.1-2.0 m). Some pieces have vesicles in aimost planar orientation,

Thin Section Descriptions

63-1, 24-27 em, Hyalopilitic aphyric basalt. About 3% plagioclase
microlites, and 5% clinopyroxene cyrstals are set in 8 partly
devitrifiad and hadly altered glassy groundmass. Vesicles compeise
10:15% of the rock (0.2-7 mm) and are round to irregular in
shape, Clays and Fe-hydroxides make up 50% of the rock,

63-1, 81-83 cm, Hyalopilitic 1o intersertal aphyric basalt, The rock
cansists of about 15% and 10% clinapy micra-
lites, with 3% skeletal titanomagnatite. Vesicles make up about
16% of the rock, and the remainder is & poertly devitrified and
badly sltered mesostasis. Clays make up about 50% of the rock,
filling vesicles and replacing mesastasis.

Rock
"NRM MDF  Ine. s D Type
631,4961em 20107 187 e117 — —

60-4598-64 4712.0-4721.5 m (596,6-606.0 m, BSF)

Aphyrie basalt

Fine- 1o madium.graned, aphyric, greenish-gray [5Y 4/1), vesicular
120-30%; 0.1-1 mm], moderately altered basalt. Greenish-black clay Is
on axtarior surfaces of Pisces 3 and 4. The mesostasis is ganerally very
little altored. Several pioces in 1 are sedimentary (reworked from the
upper part of the hola]. The basalts are not exidized, nor is there
secondary carbonats,
Thin Section Description
64-1, 33-36 cm, Hyalopilitic to intersertal aphyric basalt. The rock
consists of about 20% plagiociase, and 10% clinopyroxene microlites,
with about 3% titanomagnetite. The rest is vesicles [10%, 0.5-1.5 mm],
and altered glass mesostasis. Clays make up between B0 and 70% of the
rock.

Rock
Jnmm MOF  Ine. 5 1] Type

64-1, 23-25 em 35.6x10 3 116 =236 - - e
64-1, 28-30 em -— — - 340 234 Basah
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CORE/SECTION 851 65CC

60-4598-65 4721.5-4731.0 m (606.0-615.6 m, BSF]

Aphyric hasalt
Intensely altered and highly fractured, fine-grained, aphyric,

wesicular {10-40%:; 0.1-3.0 mm), olive black (Y 2/1) to dark greanish-

gray (SGY 4/1) basalt. Vesicles are generally lined with green clay,
and exterior fracture surfaces are coated with greenish-black 1o
apple green clays, Piece 7 of Section 1, and nearby fractured
materipl, appear to be portions of & highly fractured pillow rind
with zeolites in cavitins and veins. Preces 10A-C have vartical
vesicle trains with vesicles up to 3 mm in length, and largely filled
with greenish-gray cleys. The clay content is very high in fractured
material.

The Core-Catcher consists of drilling flour made up of greenish-
biack vo dark greenish-gray basaltic material
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Thin Section Descriptions
65-1, 58-60 cm, Hyalopilitic hasalt. The rock contains shout 1%
vits of g and lesser cli up to
0.9 mm leng, bath with euhedral morpholagy, The groundmass
hhas about 5% mi of pl L and 3%
There is about 1-2% titanomagnetite and 10% scattered Mnﬂnl
up to & mm across. The mesostasis |s altered and makes up
about 80% of the rock. |t is replaced by clays iminor chiorite
also replaces cpu).
05—1 BB-90 cm, Hyalopilitic aphyric basalt. The rock consists of
ites of pl [20%]) and, (15%) with
skalotal titanomagnetite (3%). Vesicles make up 15:20% of the
rock, and are 0.05-3.5 mm and irregular in shape. The remaindar
is a nearly opaque mesostasiy, dark brown to brownish-black,
with pe to clays and Fe-h e

Piece Number
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Rock
MDF  Inc. 5 o Type
147 #60 — — —

252 213 Al basalt

60-4598-66 4731.0-4740.5 m (615.5-625.0 m, BSF)

Aphyric basale

Dark greenish-gray (5G 4/1) to greenish-black (5G 4/1) aphyric basalt
ranging in vesicularity from 1.5%. The rocks are medium-grained throughout

but slightly coarsar-gramned in the lower part of Section 2 (Pieces BA-E}
and in Section 3. There are minor patches of slightly brawner color on
woma pieces. Fracture surfaces on the samples are dark greenish-black
{5GY 2/1). Slickenside surfaces are also colored pale gray and white,
Fracturing is intense at the bottom of Section 1. Alteration is greatest
in the fractured pleces. Vesicles are filled with green or brown clays
(similar to matrix clays). Carbonates are sbzent, The topmest pieces of
Sectson 2 are highly sheared.

Thin Section Description

66-2, 1-7 cm, Subophitic 1o intersertsl disbass. The rock is aphyric, and
congists predominantly of plagiotlase 'A"?nss' 55%|, clinopyroxens
110%), 1 (6%), glassy is (15%), and clay

minerals {16%) with traces of quartz and atkali feldspar in micrographic

intergrowths. Dendritic ilmenite is 8 minor interstitial component.
Vesicles are 5% of the rock, 0.1-2 mm in diameter, and irregular in
shape.

663, 3-4 cm. 5 hi ithc, i lar quartr diabase
Thn rock is lphvnc tnd consists prgdnmmnml\f of plegiociase (B0%),
i ic, 15%), v ite (2%}, and glass [10%).
GU-HI‘II {5%] and alkali feldspar (4%) form interstitial micropegmatitic
w Ciays and Fe-hy replace glassy material between
micrapegrnatitic aggregates. The rock has about 3% veticles up to 2
mm across, forming irregular spaces between crysials.

Rock
Inam MDF  Inc. S D Type
661, 3/41em 6XIO° - L) - - —
B6-1, 45.48 em —_— — — 383 252 Basaht
56-2, 61-63 cm —_ -_ 287 237
662, 137128 cm 0860103 62 (+111) —— — —

B0-4588-67 4740.5-4760.0 m (625.0-634.5 m, BSF)

Aphyric batalt

Wery fine- to medium-grained, altered aphyric basalt, apparently
» pillow sequence. An sltered glassy rind is on Section 1, Piece 1.
Alteration is intense, to nearly total, Fracture surfaces in the rocks
show white to dark greenish-black (5GY 2/1) mineral encrustations,
soma of them slickersided, There m pﬂches and diffuse bands of

v (SYRANNd many fi

particularty mr cracks and fractures. Section 2, Piece 5 shows a
contact batween alterad basalt and a clastic fracture filling(?] or mom
highly altered basaltic material, Alteration in Section 2 includes some
to moderate vellowish-brown [10Y R 6/4), indicating perhaps a mare
wxidizing type of alteration.
Thin Section Descriptions
67-1, 106-107 em. Subophitic to intersertal aphyric diabase, The
rock consists of about 50'11 plagiociase {Angn cel. mbr.alcnc e
110%; 2V+ = 40° or lessl, ite {5%), and devitrified
glass (25%) containing skeletal erystallites. Thare are also rare
interstitial micropegmatitic quartz-alkali feldspar intergrowths,
There are sbout 10-15% clay minerals filling vesicles and replacing -
glass. Vesicles are 5% of the rock, 0.3-1.5 mm across, and irregular in
shape
67-2, 50-54 em. Subophitic to intersertal aphyric disbase. The rock
consists of plagioclase (60%; Angg cel, sugite (10%), titanomagnetite
15%) and devitrified glass. Some Interstitial plagiociass n more sodie
than larger erystals, and is i ith mi
alkali toldspar intergrowths, The glass is bath mrlull\r crystallized
{tiny dendritic opaques sbound), and sltered to clays. Clays akso fill
wesicles, which make up 1:3% of the rock and are up 1o 1 mm across.

Raock
InRM MDF  Inc. 5 o Typw
B7-1, 104-106 cm - 372 255 Hasah

671, 134136 cm 0845x103 B8+ 10 - — -
672, 71173 em 0083x10% 128 + 08 — —

Alt, basalt
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(443

tractured materials), Basalts are aphyric, medium bluish-gray

] (5B 5/1) with diffuse patches of moderate yellowish-brown (10YR
5/4). The latter color is concentrated about fractures in the rock
The basalts are Tinegrained, snd moderately vesicular [5-10%),

Bundant i

with variable ize and shape. Slickensides are
the highly sheared basalts. The color of basahs in Sectian 2 i
darker - greanish-black [5GY 2/1) to olive black (5Y 2/1).

:2 é k] . é . é % % 60-4508-69 4759.5-4769.0 m (644,0-653.5 m, BSF)
e
=] 2 g H -] 2 s H =
P55 g £ 00 F 248 s 2. € 58 Agtosiolue
3 4 = ! § -g K E E 2 g % ‘E K = E‘ =1 | = t ;] § i § 2 E§ In vhis care, small fragments of pillows alterrate with ighly fractured,
& 2 £ _§. % = = 22 = i E z = ‘§ Z 23 E % i rubibly material, The core is moderatsly to intensely altered throughout
zg ?3 § g B - g g5 8 2 8 gg 8 = § k-] g %g § 2 g Even on the larger pisces, slickensides oceur, hency they are also
om S S & ¢ & & = & = a &6 & & E & & § < S &« £ o 6 & < probably simply parts of the breccia, The rocks are dark gresnish-gray
- - _ 5GY 4/1) with some pieces and patches with alive gray (5Y 4/1)
0— |- — — - - T —— r — |
alteration, In Section 1, vesicles are lasge (=3 mm) through Pieces
N T ! D 4 18, but smaller and pccasionally in trains below, Pieces 10 and 15
—_— of Section 2 have laeger vesicles (6-B mm). These are round, Thin
— 2 | carbonate(?) veins ocour in thess two pieces. Elsewhere, clays pre-
* v dominate. Pioce 18 of Section 1 has an altered glassy(?] rind. In
- ] °5 o Section 3, the rubbly zones are nearly mylonitic. Slickensides occur
B ﬂg both on the basalt “lumps™ in Section 3, and on small pieces in the
o — bhle zones.
{ ﬁv %
A O el | Thin Section Deseriptions
m—— 68-1, 3-5 em, Intersertal microphyric basalt, There am traces of
— 4l 1 Plagioclese and clinopyroxens suhedral phenocrysts up to 8 mm, set
in a groundmass of smaller plagiociase (25%), augite (10%), titano-
. | — ’ K o magnetite (5%), and altered glass (B0%). Vesicles are fairly abundant
5| Fo%o {10%) and up to 3 mm across. Traces of carbonate occur in the
— K 5| uqo. TS =1 vesicles, and clays and zeolites both line vesicles and replace glass.
.1 ’ M - nﬂﬂ s.D | 892, 33-34 cm. Hyalopifitic aphyric basalt. The rock consists of about
o Wl 20% plagi 15% ¥ , 5% ti and B0%,
50— @ K i * XK —]  altored glass. Vesicles are 3.5% and up 1o 1 mm across. Clays replace
-l ] ﬂ '(l a alass and line vesicles.
e -
B, Rock
al 5 < o8 =] Jyam  MDF Ine S D Type
g 4 g 69-1, 44.46 em 205x107 218 +124 — — -—
b  — joo) 4 681,126-128em = He 345 232 v. Al basalt
| 0”0:3 T 692, M3Zem e —  — At basalt
L/ ——s —{ §9.2,125.127 em 1200107 307 122 - — —
I (—\ | 93 meEIem 132010% 1 -89 - -
L »¢
7
] * X ~| soas%8-70 4769.0-4778.5 m |653.5-663.0 m, BSF)
_ ' N I i
b Aphyric basalt
— ad N . M . .
8 Qpo - The material in this core is similar to that in Core 58 in that
Qo fairly congrent individual pisces alternate with intensely fractured
= i B:f@ = material. The core is intensely to extremely altered (moreso in the

- -
K| Thin Saction Descriptions
= M — 70-1,69-71 em. Hyalopllitic plag linopy i
i *Wrcl K| I basalt. Plagiociese (2%) and cli {1%} microp v
[0.2°0.4 mm) are set in 2 groundmass of plagioclase [20%), clino
e L] | pyroxene (15%], titanomagnetite (2%), and aitered devitrified
ghass [50%), |Imenite needies may algo be present. Vesicles
- o  form 8% of the rock, and are up to 1 mm across. Clays line
vesicles and replace mesostasis.
— ) * — 70,4742 cm. | I; linopy hyri
basalt. Mi h vsts of plagioclase 11%) and cli 11%)
7 * X T up to 0.4 mm scross are set in a groundmass of plagiociass (30%),
150—) L] | - - L] L] L | _| clinopy 127%), 1 ite [2-3%), and altered mesostasis
{25%). Vesicles make up 12% of the rock, and are up 10 0.6 mm
CORE/SECTION 68/1 69/1 69/3 70/2 acroes. They are filled with clays and/or 2ealite
Rock
N MDF  Inc. 5 D Type
60-4596-68 4750,0-4759.5 m (634.5-644.0 m, BSF) Rock 70-1, 4345 em e i e 304 231 Alt basalt
A Inmm 3 MOE Lic, GiF R Yy 701,4648¢cm  381x10° 196 - 34— - -
68-1, 33-35 cm 0733107 162 4128 -— — — 70-1, 89.90 cm — -_ — 274 233 . Al basalt
Medium grained, aphyric, altored, variably vesicular basalt. Vesicle B8-1, 35-37 em pv G 273 241 Basal

sbundance diminishes downcore [Piece 1, ~20%; Plece 2, ~ 10%; Pieces
35, 5%, Alteration is intense to almost total in rubbly zones. Green
clays ancrust vesicles and replace matrix materials, Pieces 3.5 are

mare fractured than 1 and 2. Piece 4A showssiickensides,

Thin Section Description

B68-1, 24-26 cm, Intersertal basalt. The rock |3 aphyric, and consists

of about 30% plagioclase (Angg), 10% augite, 7% titanomagnetits,

and 53% devitrified, totally altered glass, The rock has about 5%
vesicles lined with clays and zeclites up to 2 mm across, Clays make
up sbout 35% and zeolites 5% of the rock.
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CORE/SECTION 71/1

/2

60-4598-71 4778.5-4788.0 m (663.0-672.5 m, BSF}

Aphyric baalt

Dark greenish-gray [5G 4/1), aphyric, vesicular [~ 10%; ~1 mm),
fine-grained, intensely altered and highly fractured (sheared) basalt.
The recks have patchas of olive gray discoloration, especially mext 1o
cracks, which are lined with green or brown secondary minerals,
Vesicles tend 1o be fillsd with the same minarals. Slickensides are
abundant. In Section 2, there are, in addition to the green clay
fracture fillings, some white secondary minerals, and patches of a
dark yellowish-brown discoloration (10YR 4/2) sround fractures
near 128 cm,

MNote: pieces in Section 2 were too fractured to remave from-the
lirar and numbar.
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Thin Section Deseriptions

71-1, 30-33 cm. Hyalopilitic plagi sparsaly

microphyric basalt. The rock containg about 0.5% each of euhedral
i ysts of (Angg) and up to

1.6 mm in length. These are set in 8 groundmiss of plagioclase
icralites (20%), eli 110%), 1 17%), and

altered devitrified glass (63%). Vesicles are 57% of the rock and up

to 0.5 mm across. They are filled with clay, which also replaces

probably 40% of the mesostasis,

71-2, 15-16 em. Intersertal plagioclese-clinopyroxena sparsely

i basalt. wsts of (1%} and clino-
pyroxene [1%) up to 0.5 mim across are et in & groundmass of
- (28%], ¥ (20%] . ti ite (3%],

iimenite (1%) and brownish devitrified glass (10%). Vesicles up
to 0.8 mm make up 15% of the rock. Clays (15%) and zeolites
(5% line vesicles and replace the mesostasis, and carbonate
veins make up about 2% of the soction,

Piece Number
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+ basalt
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60-4598.72 4788.0-4797.5 m |672.5-682.0 m, BSF)

Aphyric basalt

Dark greanish-gray to greenish-biack vesiculas fine-grained basalr. The rocks
are intensively fractured, and ean sasily be separated along fractures revesling

slickensices, Alraration is intense to nearly total. Vesicles are abundant and
mairily small {~ 1 mm; 20%). Larger vesicles (25 mm) are rare and concen:
trated in the upper part of the section (5-45 em). Some of them are en
crusted with s bluish-green clay minersl, Others are empty. The upper

{350 cm) and lower (120150 cm) intorvals of the core are light olive
gray in color, Mectingihe presence of Fe-hydroxides. A patch
of this color also ocewrs between 74 and BS em, This intarval slso contalns
irregular veins filled with greenish-black clays and carbonate. The lower 10
em of the core i3 true basaltic breccia with mylonitized olive gray 10
bluish-green gray cemant.
Rock

'INRM MDF  ine. 5 s} Type
721, 26-2Bcm — —-_— -— 234 222 v Alt basalt
721, s486em 11ax10% 135 448 .
72.1,134-136 em 6&.3)(\0'3 144 126 - —_ —
60-4598-73 4797 5-4807.0 m (682.0-691.5 m, BSF)
Aphyric basalt

Fine- 1o medium-grained, variably vasicular, intensaly altered aphyric
bazait. The top 74 em of Section 1 are feirly massive, with few fractures,
grain-size decroasing downward, and an apparent glassy lower margin
{now altered), Below this [74-84 em) is a zone of highly altered hyalo-
clastite in which angular pieces of vesicular, glassy, and very fine-grained
basalt are 32t in a sheared clay matrix. The rest of Section 1 und all of
Section 2 are more intensely Trectured than 0.74 em of Section 1, but
like it consists of fine-grained, greenish-black basait, Trains of irregular
wesiches octur between 90 and 110 em of Section 2, and an alive gray
rone of altération between 128 and 137 cm. Section 3 has fewer fractures
than Section 2, most of them inclined, snd inclined vesicle trains are
abundant berwean 70 and 138 em. The vesicle traing parallel fractices,
as shown. One direction of fractures makes an angle of 75" to the left
edge of the liner, the other approximately 150° (ie., the angle between
the two directions is about 75-80°). Between 110 and 117 cm of
Section 3 is another olive gray zone, probably containing Fe-hydraxides,
Genarally, tha groundmass of the basalts is pervasivaly altered to clay
minerals.

Thin Section Descriptions
73-1, 6-8 em. Hyalopilitic aphyric basalt. The rock consists of about 30%
jioch fites, 16% cli 6 i e, and BO%
badly aitered glass. Vesicles sre about 10% of the rock, and up to 0.8
mm across. Tha main alteration mineral is clay, replacing most of the
glass and lining vesicles. Zeolite also fills spherules surrounded by elays.
73-1, 141-144 em. Hyalophitic sparsely plagiccl i ic basalt.
There are about 1% plagioclase microphenocrysts up to 0.5 mm sat ina
o ol of 30% plagioclass laths, 22% cii i itic?},
2% titanomagretite, and 15% altered glass. Vesicles make up 10% of the
rock and are irregular in shape, up to 3 mm long. Clays (200%) partially
replace the mesostasis and line vesicles,
73.3, 122.125 cm, Hyalop i inopy
phyric basalt. yits of plag [2%) and,
1%} up to 0.5 mm long are set-in a groundmass of slender plagioclase
taths (35%), anhedral 115%), cubic ite (2%)
and mostly altered glass (10%). Vesicles make up 10% of the rock snd
are up 1o 1.5 mm across, Clays are 25% of the rock and replace mesostasis
and line vesicles.

micro-

Rock
INEM MDF  Inc. s O Type

731, 69em — _— — 268 — Al basalt
731, 2527em N2x107 158 M35 —  —
732,139 141cm 220107 143 + 38 — ~ —

733, 2830em 733103 180 4136 - == -a
733,121-1240m  — — = 269 226 Al basalt
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