2. SITES 501 AND 504: SEDIMENTS AND OCEAN CRUST IN AN AREA OF HIGH HEAT FLOW ON
THE SOUTHERN FLANK OF THE COSTA RICA RIFT!

Shipboard Scientific Parties of Leg 68 (Site 501), Leg 69, and Leg 702

LEG 68, SITE 501, HOLE 501

Date occupied: 8 July 1979

Date departed: 16 July 1979

Time on hole: 8 days

Position: 01°13.63’'N; 83°44.06' W

Water depth (sea level; corrected m, echo sounding): 3457
Water depth (rig floor; corrected m, echo sounding): 3467
Bottom felt (m, drill pipe): 3466.9

Penetration (m): 337.1

Number of cores: 20

Total length of cored section (m): 147.2

Total core recovered (m): 74.53
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Core recovery (%): 50.6

Oldest sediment cored:
Depth sub-bottom (m): 264
Nature: Cherty limestone
Age: No paleontological age (age of magnetic anomaly, 5.9 m.y.)
Measured velocity (km/s): 3.185

Basement:
Depth sub-bottom (m): 264.1
Meters of basement drilled: 73
Nature: Basalt pillow lavas and massive flow units
Velocity range (km/s): 4.08-5.99

Principal results: Site 501 is on 5.9 m.y. crust spread from the Costa
Rica Rift. Hole 501 served as a pilot hole for re-entry in Hole
504B. The sediment section (264 m thick) was spot cored because
continuous piston coring was carried out later in Hole 504, The
section consists of pelagic siliceous calcareous (nannofossil) ooze,
with some volcanic ash; it becomes more calcareous and indurated
with depth. Near the base, chert and cherty limestone bands were
recovered. Basalt basement was cored for 73 meters; it consists of
alternating massive flow units and rubbly pillow units. The upper
petrographic unit is nearly aphyric, the lower unit (below 25 m),
plagioclase and olivine phyric. Alteration is weak to intense, with
clays and carbonate minerals filling veins. The in-hole temperature
at 120 meters is 32°C, consistent with site survey heat flow data.
The Lynes packer was used to recover a water sample and attempt
a permeability measurement. The borehole televiewer, the down-
hole magnetometer, and the resistivity tool were successfully de-
ployed. A complete logging program was run.

LEGS 69 AND 70, SITE 504, HOLES 504, 504A,
504B, AND 504C

Detailed information concerning Site 504 is given in Table 1. Prin-
cipal results are given below by leg and hole.

Principal results, Leg 69, Hole 504: At Hole 504 sediments were con-
tinuously piston cored to a depth of 237 meters, where cherty lay-
ers were encountered. The sediment’s structures and physical prop-
erties were nearly perfectly preserved in the cores. The sedimentary
section cored is mainly a siliceous nannofossil ooze of pelagic ori-
gin containing a continuous biostratigraphic record from the late
Miocene to the Holocene. Discrete volcanic ash layers are few, but
disseminated ash and terrigenous windblown clay minerals are pres-
ent in variable amounts. The sedimentation rate based on the bio-
stratigraphy is 43.5 m/m.y. and is rather uniform over the whole
section.

Lithologically the section can be divided into three units, Unit I
(late Pliocene to Holocene and 0 to 143.5 m sub-bottom) consists
of an unconsolidated siliceous nannofossil ooze, dark grayish green
to olive grayish green in color. A subunit between 65 and 99 meters
contains larger amounts of Mn, based on X-ray fluorescence
(XRF) analysis. The physical properties of Unit I are extremely
uniform. Representative mean values are as follows: sonic velocity,
1.51 km/s; bulk density, 1.32 g/cc; porosity, 80%; and thermal
conductivity, 0.80 W/m°C.

Unit II (late Miocene to early Pliocene and 143.5 to 227.2 m
sub-bottom) is a siliceous nannofossil chalk with higher carbonate
content (up to 85%). The coloration is generally the same but
paler. This chalk may represent the first stage in the diagenesis of
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SITES 501 AND 504

Table 1. Site 504 Summary, Legs 69 and 70

Hole: 504 504A
(Leg 69) (Leg 69)
Date occupied: B i
20 Sept. 1979 24 Sept. 1979
Date departed: 2330, 0800,
23 Sept. 1979 29 Sept. 1979
Time on hole: 91.5 hours 128 hours
Position: 01°13.58'N; 01°13.61°'N;
83°43.93'W 83°43.95'W
Water depth (sea level; corrected m,
echo-sounding): 3460 3458
Water depth (rig floor; corrected m,
echo-sounding): 3470 3468
Bottom felt (m, drill pipe): Not felt Not felt
Penetration (m): 237 277
Number of cores: 54 7
Total length of cored section (m): 227 70.5
Total core recovery (m): 176 9.01
Percentage core recovery: 76 20.5
Oldest sediment cored:
Depth sub-bottom (m): 237 264
Nature: Siliceous lime- Chert and sili-
stones and ceous lime-
cherts stone
Age: Late Miocene 5.9 m.y.C
Measured velocity (km/s): 4.25 -
Basement:
Top of basement (depth sub-
bottom, m): 237 264
Meters of basement drilled: - 12
Nature: — Basalt pillows
Velocity range (km/s): - ~5.8

504B 504B 504B 504C
(Leg 69) (Leg 70) (total) (Leg 69)
7 Oct. 1979 4 Dec. 1979 _ 0856,
14 Oct. 1979
25 QOct. 1979 13 Dec. 1979 — 0845,
15 Oct. 1979

436.5 hours 190.4 hours 626.9 hours 24 hours
01°13.63'N; 01°13.63'N; 01°13.63°N; 01°13.64"'N;

B3°43.81'W 83°43.81'W 83°43.81'W 83°43.89'wa
3460 3460 3460 3460
3470 3470 3470 3470
3473.5 3473.5 3473.5 Not felt
489 347 836 220
29 41 70 (b)
2217.5 47 574.50 0
76.66 91.5 168.2 0
3.7 26.3 29.3 0
274.5 274.5 274.5 —_—
Chert and sili- Chert and sili- Chert and sili- —_

ceous lime- ceous lime- ceous lime-

stone stone stone
5.9 my.c 5.9 m.y.c 5.9 m.y.C —_
274.5 274.5 274.5 —_
214 347.5 561.5 —
Basalt pillows Basalt pillows Basalt pillows —

and flows and flows and flows
5.1-6.4 5.1-6.4 5.1-6.4 —

2 Longitude may be in error; only a few satellite navigation fixes received.
b Hole drilled solely for downhole temperature measurements and in situ pore water samples.

¢ Estimated from magnetic anomalies.

the nannofossil ooze, which is temperature controlled. At Hole
505, where temperatures are much lower at 140 meters (5°C, ver-
sus 38°C at Hole 504), chalky sediments appear only below 210
meters. The mean sonic velocity of the chalks is only slightly
higher (1.54 km/s), but bulk density and thermal conductivity in-
crease to 1.5 g/cc and 1.2 W/m°C, respectively. Porosity de-
creases appreciably (to 65%).

Unit III begins at 227.2 meters sub-bottom, only 10 meters
above the basement. It consists of siliceous limestones and cherty
layers. The outlines and colors of worm burrows and halos are pre-
served in the cherts and give evidence of shrinkage by a factor of 5.

The entire section of sediment is highly bioturbated: there are
innumerable worm burrows, all undisturbed by the piston coring.
The extent of the bioturbation may be responsible for the pattern
of magnetization, which is incoherent throughout the section.

Interstitial water chemistry analysis showed significant positive
gradients in Ca with increasing depth and negative gradients in
Mg. However, the gradients in Hole 504 are considerably smaller
than those in Hole 501, revealing large lateral gradients in pore
water chemistry that may be caused by very slow pore water migra-
tion through the sediments.

Principal results, Leg 69, Holes 504A, 504B (Cores 1-29), and 504C:
Hole 504A was begun as a multiple re-entry site, but it had to be
abandoned after only 12 meters of basalt were drilled because the
bit disintegrated, leaving the cones and supporting shanks in the
bottom of the hole. Hole 504C was drilled between bit changes at
Hole 504B specifically for making point temperature measure-
ments with the Tokyo T-probe (Yokota et al., 1980) and taking in
situ pore water samples with the Barnes sampler in the sedimentary
section (to 220 m); no cores were taken. Hole 504B was established
as a multiple re-entry site. Two hundred fourteen meters of base-
ment were drilled and continuously cored. Four suites of logs were
run in the basement section, and the inflatable packer was used
three times to make two flow tests and to collect a large-volume
sample of formation water. An ultrasonic televiewer and a down-
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hole magnetometer were also run in the hole. The last effort made
in the leg was to obtain temperature and compensated density logs
in Hole 504A, which had been thermally equilibrating for a month
while Site 505 and Hole 504B were being drilled.

Since most of the results come from Hole 504B, with Holes
504A and 504C providing only a small amount of supplementary
data, all three holes are discussed together in this summary.

In Hole 504A the bottom of the sedimentary layer was cored
along with 12 meters of basalt. The interval from 227 to 264 meters
was comprised of chert and siliceous limestones of late Miocene
age similar to those in Holes 501 and 504. The basement section
yielded chrome-spinel-bearing basalts and lithologic units similar
to those drilled in Hole 501.

The logging and experiments made at Hole 504B provided
some surprising results. Two temperature logs taken 34 hours and
70 hours after circulation had stopped gave extremely low gradi-
ents to 365 meters sub-bottom and maximum temperatures only 7°
above bottom water, with virtually no change between the logs.
Below 365 meters extremely high gradients were observed. (Tem-
peratures in the bottom of the hole increased up to 5°C between
the logs; evidently the hole was approaching an equilibrium profile
appropriate for a conductive geothermal regime [see the results for
Hole 504B, Leg 70].) The temperature measurements at three
points sub-bottom in Hole 504C (which is just 60 m west of Hole
504B) showed a conductive gradient of about 24.5°C/100 m in the
sediments, If that gradient had held for Hole 504B the temperature
at 365 meters sub-bottom would have indicated a temperature at
the top of basement of about 60°C. The only reasonable interpre-
tation of the temperature profiles at Hole 504B is that cold water
was flowing down the hole at rates of up to 50 gal./hr. and issuing
into the basement formation 90 meters below the sediment/base-
ment contact. The temperature log run in Hole 504A after it had
equilibrated for a month showed a conductive profile.

The flow tests with the packer sealing the annulus between the
drill pipe and hole walls showed that the basement has a hydraulic
permeability from 2 to 40 millidarcys.



The logging runs showed that the walls of the hole are free of
projections and have relatively few voids. The logs giving informa-
tion relevant to density, resistivity, compensated density, and neu-
tron density all show that pillows and thin flows predominate in
the column, There are, however, three massive flow units, one
about 10 meters thick. More details of the wall structure were de-
tected by the ultrasonic televiewer, which also showed that pillows
and large fractures were common along the entire section,

The downhole magnetometer and measurements on samples
showed that the basement to the depth drilled is reversely magne-
tized, in agreement with the magnetic anomalies measured at the
sea surface. Inclinations of the magnetization are lower than in the
present field.

Two samples of water were drawn at the bottom of Hole 504B
reached during Leg 69. One sample was 15 gal. Both contain a mix
of fresh surface seawater and seawater that had been pumped
down the hole earlier and had reacted extensively with the rocks.
The latter is chemically similar to the pore waters in the basal
sediments. Pore waters drawn from the sediments of Hole 504C in-
dicate even smaller gradients in the Ca and Mg concentration than
in Holes 504A or 501, although the shape of the profile is similar.
The results suggest that the movement of the interstitial waters
through the sediments is sluggish.

In the basement section at Hole 504B three types of basalt were
distinguished. One contains phenocrysts of plagioclase, lesser oliv-
ine, and minor chrome spinel; the second contains phenocrysts of
plagioclase, olivine, and clinopyroxene. The third embraces a range
of textures from sparsely phyric to aphyric; when phenocrysts oc-
cur they are plagioclase, olivine, and augite. Twenty lithologic
units were identified, with the rock types described above complex-
ly interbedded. All the units are intensely fractured, and slicken-
sides were detected on a few fracture faces. Tectonically produced
polymict breccias are found in at least two zones.

The alteration of the basalts is moderate, with saponite, pri-
marily, replacing olivine and filling voids. Zones of oxidative alter-
ation border many cracks.

XRF analyses show that the basalts are generally uniform in
composition. They are only moderately fractionated, with Mg/
(Mg + Fe) equalling 0.56 to 0.66, TiO, ranging from 0.7 to 1.4%o,
and Zr ranging from 30 to 100 ppm.

Principal results, Leg 70, Hole 504B: Hole 504B was re-entered on De-

cember 3, 1979 at 1343 hr. During the 14 consecutive days on site,
the hole was re-entered three more times, and 347 meters of base-
ment were cored. On December 13 a depth of 836 meters sub-bot-
tom was reached, making Hole 504B one of the deepest holes ever
drilled in oceanic crust. (Later drilling on Leg 83 extended the pen-
etration in basement to a record depth of 1075 m.) Penetration
rates varied from 2 to 6 m/hr., with an average close to 4 m/hr.
Recovery varied from 0 to 100%, with an average of 26.4%.

The basement cored during Leg 70 at Hole 504B is made up of
26 petrographic units that correspond to 15 paleomagnetic units.
Three major kinds of lava were encountered: massive flows (at
least 23 m thick), flow breccias with highly fractured sequences of
pillow lavas, and thin flows. The basalt ranges from aphyric to
sparsely to highly olivine-plagioclase-clinopyroxene phyric. The
association of the first two phenocryst minerals is the most com-
mon. Spinel microphenocrysts have been observed in a few units,
Five petrographic types of basalt were distinguished on the basis of
the occurrence of the various phenocryst minerals.

The alteration of the lowermost 347 meters of basalt drilled in
Hole 504B during Leg 70 was slightly different from that of the up-
per 214 meters of basalt drilled during Leg 69. The main differ-
ences were as follows:

1) No calcite was observed below 660 meters sub-bottom.

2) Fe-oxyhydroxides were not common between 600 and 760
meters and below 800 meters sub-bottom.

3) Vein pyrite was not observed above 540 meters sub-bottom,
but it became progressively more abundant with increasing depth.
As in the Leg 69 portion of the hole, various types of smectite
formed the most abundant alteration products, and the smectite
was accompanied by small amounts of zeolite (analcite and
natrolite were identified by X-ray diffraction [XRD]). A mixed-
layer mineral was tentatively identified as saponite/talc by XRD.
Olivine phenocrysts were frequently replaced by various combina-
tions of talc, smectite, and red iddingsite (probably a Fe-oxyhy-
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droxide-rich smectite mixture). Preliminary reflected-light obser-
vations indicated that the igneous Fe-Ti oxides were severely al-
tered into mainly non-opaque secondary products (Fe and Ti oxy-
hydroxides and possibly silicates), which filled up the large cracks
that separated rather small Ti-magnetite relics. The basement al-
teration probably took place in mainly suboxic conditions in the
upper portion of the hole (i.e., down to 540 m sub-bottom), and in
suboxic to anoxic conditions in the lowermost 296 meters, or at least
as far as the basement was drilled. The alteration process and the
resulting products do not differ, as far as our shipboard observa-
tions indicate, from those due to basalt/seawater reactions at low
temperature.

The paleomagnetic data suggest 15 units with an overall mean
stable inclination of — 18°. Two of the units, both of which extend
over five cores, have mean stable inclinations of —53°and —63°,
respectively, steeper than would be expected as a result of geomag-
netic secular variation. Tectonic tilt, geomagnetic excursions, stable
secondary remanence, or a combination of these might be respon-
sible for these anomalous inclinations. The overall mean intensity
of magnetization is 7 x 10~ gauss, and the overall mean Q ratio
is 10,

The average sonic velocity of the basement rocks measured on
board is significantly higher than the wave velocities derived from
site survey data: 5.71 versus 4 to 5 km/s, respectively. This differ-
ence can be attributed to the widespread occurrence of fractures on
a scale larger than exists in the cored samples; the fractures are
probably responsible for the water flow.

Drilling was followed by an extensive logging and downhole
measurement program. The logs that were successful over the en-
tire basement section include the sonic, resistivity, temperature,
and caliper logs. The natural gamma and neutron density logs were
partially successful; the compensated density log was unsuccessful.
The successful logs show prominent massive basalts at about 325,
590, and 690 meters below the mudline, and otherwise generally
fractured and altered basalt. Downhole experiments included the
large-scale electrical resistivity and oblique seismic experiments,
the latter in cooperation with R/V Gilliss.

Four borehole temperature profiles and in situ water samples
were made during the deepening of Hole 504B on Leg 70; one of
each was made before any disturbance of the re-entered hole.
These confirmed that the strong downward flow of cold water to
365 meters sub-bottom observed during Leg 69 was still occurring.
The present flow rate down the cored hole was estimated at a few
meters per hour. The data also suggest that a conductive gradient
of about 0.12°C/m exists below about 440 meters sub-bottom,
yielding a heat flow rate of roughly 4.8 HFU, which is in good
agreement with the Leg 69 result. The maximum temperature at
the bottom of the hole on the last profile measured 111°C; equilib-
rium temperature was estimated to be about 120°C. Formation
water silica concentration increased with depth, suggesting that
water chemistry varied with increasing depth as a result of reac-
tions with warmer basement rocks.

INTRODUCTION

Although Sites 501 and 504 were drilled on three dif-
ferent legs they are effectively the same site. Hole 501
was the pilot hole for two re-entry holes, Holes 504A
and 504B, which are only a few hundred meters away.
We have therefore combined the reports written for Sites
501 and 504, including the reports for the upper and low-
er portions of Hole 504B, which were written on Legs
68, 69 and 70, into one chapter. In most sections, the
results for Site 501 precede the results for Site 504. The
background for and objectives of the drilling are present-
ed in the introductory chapter to this volume.

OPERATIONS

Hole 501

The Glomar Challenger departed Puntarenas, Costa
Rica, at 1049 hr. on 5 July 1979 for the experimental
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portion of Leg 68. At 1125 hr., after a 25-min. period to
test thrusters, the Challenger proceeded toward the site.
Towed geophysical equipment was streamed at 1630 hr.
at the 349-meter contour.

The Challenger reached the vicinity of Site 501 on the
morning of 8 July and approached the site on course
085°. The beacon was dropped at 1228 hr, that day. The
precision depth recorder (PDR) water depth was 3420
meters. A sediment thickness of 250 to 300 meters was
indicated by single-channel profiler records obtained by
the Challenger and site survey investigations (Fig. 1).

The bottom hole assembly (BHA), which included the
Lynes packer with a circulating subassembly, was made
up. Pressure tests were conducted on the BHA. The drill
pipe was run down between 1500 hr. on 8 July and 0315
hr. on 9 July. The first core was recovered at 0550 hr.,
establishing the seafloor depth as 3466.9 meters. An-
other core (Core 2) was taken to confirm this depth.

The sediment coring program from the seafloor to
approximately 230 meters below it consisted of washing
five joints, taking a core, and measuring heat flow (Ta-
ble 2). After Core 6, which was at 226.1 to 235.6 meters
sub-bottom, continuous coring was undertaken until ba-
saltic basement was reached at 264.1 meters. We planned
to core continuously until we reached a basement for-
mation that was firm enough to run the first hydrofrac-
ture experiment and other planned experiments.

In Core 12 we recovered 1.94 meters of basalt along
with rubber fragments that represented portions of the
inflatable packer element, which had been torn up dur-
ing the drilling. We decided to core an additional 3
meters and then subject the packer to a pressure test to
evaluate its operational capability. The test showed that
the packer element would not hold above 1000 psi,

which jeopardized the hydrofracture experiments but
still allowed some experiments to be run. After this test,
a packer formation sampler (with spike) test was made.
Continuous coring in basalt began again at 0845 hr. on
11 July and was completed at 1320 hr. on 12 July 1979.

The program of downhole experiments is given in
Table 3. The pipe was then pulled to end operations at
Site 501.

Interregnum

Thruster problems experienced during the coring of
Hole 501 necessitated the dry-docking of the Challenger
for several weeks in Curagao in the West Indies. Since
the ship was in the Caribbean, its first operations fol-
lowing the dry-docking were hydraulic piston coring at
Site 502 in the western Caribbean and at Site 503 in the
eastern Pacific. A new scientific party was on board for
this coring, which occupied the remainder of Leg 68.
The Costa Rica Rift drilling finally recommenced on 20
September 1979 with most of the original scientific par-
ty, and a new leg number, Leg 69, was assigned for this

purpose.

Hole 504

The first hole drilled on Leg 69 is very close to Site
501. The track out from La Libertad, Ecuador, was
planned so that we approached the site on a westerly
course that was approximately parallel to the crustal iso-
chrons and magnetic anomaly lineations. Observations
of water depth, sediment thickness, and magnetics were
made along the track.

Navigation during the first pass over Site 501 was un-
certain because of the paucity of satellite fixes. The Site
501 beacon that was dropped on 8 July had ceased func-
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Figure 1. N-S profile of heat flow (mW/m?) plotted as a function of distance from the Costa Rica Rift axis (off figure to left) above
a similarly scaled profiler record showing basement topography and sediment thickness. Projected locations of Sites 501/504 and
505 are shown. Heat flow was measured during the site survey and during Expedition Cocotow of Scripps Institution of

Oceanography (Anderson and Hobart, 1976).
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Table 2. Coring summary—Sites 501 and 504.

Table 2. (Continued).

SITES 501 AND 504

Depth Depth
Depth from below Length Length Depth from below Length Length
Date Drill Floor Seafloor Cored Recovered Recovery Date Drill Floor Seafloor Cored Recovered Recovery
Core  (1979)  Time (m) (m) (m) (m) (%) Core  (1979)  Time (m) (m) (m) (m) (%)
Hole 501 Hole 5044 (Cont.)
1 9 July 0550 3466.9-3474.5 0.0-7.6 7.6 9.44 100+ 3 28 0115 3713.5-3723.0 245.5-255.0 9.5 1.52 16
2 9 0830  3466.9-3467.0 0.0-0.1 0.1 Tr —_ 4 28 0330 3723.0-3729.0 255.0-261.0 6.0 1.08 18

== 9 — 3474.5-3522.0 (Wash 5 joints below base of Core 1) 5 28 0540 3729.0-3733.0 261.0-265.0 4.0 0.68 17
3 9 1115 3522.0-3531.5 55.1-64.6 9.5 9.55 100 + 6 28 1085 3733.0-3741.0 265.0-273.0 8.0 32 40

— 9 — 3531.5-3579.0 (Wash 5 joints below base of Core 23) 7 28 1505  3741.0-3745.0 273.0-277.0 4.0 1.83 46
4 9 1500  3579.0-3588.5 112.1-121.6 9.5 9.60 100 +

= 9 —  (Make heat flow/pore water measurements) Tol 3 s 408

— 9 — 3588.5-3636.0 (Wash 5§ joints) Hole 504B, Leg 69
5 9 2055 3636.0-3645.5 169.1-178.6 9.5 4.03 42

— 9 —  (Make heat flow/pore water measurements) (Washed to 260.5 m sub-bottom)

—_ 9 —_ 3645.5-3693.0 (Wash 5 joints) 1 8 Oct. 2145  3734.0-3743.5  260.5-270.0 9.5 1.24 13
6 10 0305 3693.0-3702.5 226.1-235.6 . 5.20 55 2 9 0040  3743.5-3750.5 270.0-277.0 7.0 0.96 14
T 10 0440  3702.5-3712.0 235.6-245.1 9.5 4 13 (Drilled) 1750.5-3751.5  277.0-278.0 1.0
8 10 0620 3712.0-3721.5 245.1-254.6 9.5 0.20 2 3 12 0135  3751.5-3753.5 278.8-280.0 2.0 1.35 68
9 10 0BOS 3721.5-3731.0 254.6-264.1 9.5 0.69 7 4 12 0615  3753.5-3763.0 280.0-289.5 9.5 5.00 53

10 10 1045 3731.0-3734.0 264.1-267.1 i0 2.10 70 5 12 1025 3763.0-3772.0 289.5-298.5 9.0 272 3o

1 10 1500  3734.0-3740.0 267.1-273.1 6.0 349 58 6 12 1445  3772.0-3781.0 298.5-307.5 9.0 2.52 28

12 10 2155  3740.0-3747.0 273.1-280.1 7.0 1.94 28 T 12 1845  3781.0-3790.0 307.5-316.5 9.0 5.87 65

13 11 0340  3747.0-3750.0 280.1-283.1 3.0 2.57 86 8 12 2331 3790.0-3799.0 316.5-325.5 9.0 6.08 68

14 11 1330 3750.0-3759.0 283.1-292.1 9.0 4.17 46 9 13 0315 3799.0-3808.0 325.5-334.5 9.0 1.80 20

15 11 1730 3759.0-3768.0  292.1-301.1 9.0 4.06 45 10 13 0650  3808.0-3817.0 334.5-343.5 9.0 2.26 25

16 1 2230 3768.0-3772.0  301.1-305.1 4.0 1.64 41 11 13 1000 3817.0-3826.0 343.5-352.5 9.0 2.50 28

17 12 0135 3772.0-3777.0  305.1-310.1 5.0 3.00 60 12 13 1400  3826.0-3835.0 352.5-361.5 9.0 2.09 23

18 12 0505 3777.0-3786.0 310.1-319.1 2.0 .19 24 13 13 1750  3835.0-3844.0 361.5-370.5 9.0 5.55 62

19 12 0845  3786.0-3795.0 319.1-328.1 9.0 2.22 25 14 13 2135  3844.0-3848.5 370.5-375.0 4.5 1.62 36

20 12 1320 3795.0-3804.0 328.1-337.1 9.0 5.30 59 15 14 0210 3848.5-3857.5 375.0-384.0 9.0 4.10 46

16 14 0615  3857.5-3866.5 1384.0-393.0 9.0 4.37 49
Fotal 1472 74.53 31 (Tnpped pipe to change bit and make heat flow measurements)
Hole 504 0615 3866.5-3871.5 393.0-398.0 5.0 2.33 47
]8 l? 1050  3871.5-3876.5 398.0-403.0 5.0 1.50 3o
1 20 Sept. 1430 3480.0-3484.4  10.0-14.4 4.4 4.2 95 19 17 1625 3876.5-3885.5 403.0-412.0 9.0 1.87 21
2 20 1535  3484.4-3488.8 14.4-18.8 4.4 391 89 20 17 2128 3885.5-3894.5 412.0-421.0 9.0 0.92 10
3 20 1700 3488.8-3493.2 18.8-23.2 4.4 4.4 100 21 18 0110  3894.5-3903.5  421.0-430.0 9.0 4.39 49
4 20 1810 3493.2-3497.6 23.2-27.6 4.4 4.22 96 22 18 0710 3903.5-3912.5 430.0-439.0 9.0 2.24 25
5 20 1920 3497.6-3502.0  27.6-32.0 4.4 164 83 23 18 1212 3912.5-3921.5 439.0-448.0 9.0 110 13
6 20 2045  3502.0-3506.4  32.0-36.4 4.4 4,35 9 24 18 1643 3921.5-3930.5 448.0-457.0 9.0 147 38
T 20 2157 3506.4-3510.8 36.4-40.8 4.4 4.35 9 25 18 2220 3930.5-3936.5 457.0-463.0 6.0 2.28 38
8 20 2312 3510.8-3515.2  40.8-45.2 4.4 4.35 99 2% 19 0030  3936.5-3939.5  463.0-466.0 3.0 0.62 21
9 21 0050 3515.2-3519.6 45.2-49.6 4.4 4.30 98 27 19 0350 3939.5-3948.5 466.0-475.0 9.0 1.28 14

10 21 0220 3519.6-3524.0  49.6-54.0 4.4 .81 87 28 19 0850  3948.5-3957.5 475.0-484.0 9.0 386 43

11 21 0340 3524.0-3528.4  54.0-58.4 4.4 4.24 9% 29 19 1120 3957.5-3962.5 484.0-489.0 5.0 0.77 15

12 21 0455 3528.4-3532.8 58.4-62.8 4.4 4.34 9 (Tripped pipe to run experiments)

13 21 0615 3532.8-3537.2 62.8-67.2 4.4 194 90

14 21 0735 3537.2-3541.6  67.2-71.6 4.4 4.49 102 Hole 504B, Leg 70

15 21 0850 3541.6-3546.0 71.6-76.0 4.4 4,25 97 10 4Dec. 0552 3962.5-3972.0 489.0-498.5 9.5 0 0

16 21 1010 3546.0-3550.4  76.0-80.4 4.4 4.02 91

3 4 0940 3972.0-3981.0 498.5-507.5 9.0 0 0

17 21 1130 3550.4-3554.8 BO.4-84.8 4.4 4.4 96

32 4 1503 3981.0-3990.0 507.5-516.5 9.0 2.94 13
18 21 1250 3554.8-3559.2  B4.8-89.2 4.4 4.18 95
3 4 1850  3990.0-3999.0 516.5-525.5 9.0 2.38 26
19 21 1400  3559.2-3563.6 89.2-93.6 4.4 332 75
34 4 2304  3999.0-4008.0 525.5-534.5 9.0 2.21 25
20 21 1530 3563.6-3568.0  93.6-98.0 4.4 4.36 99
35 5 0229 4008.0-4017.0 534.5-543.5 9.0 1.66 18
21 21 1645  3568.0-3572.4 98.0-102.4 4.4 4.50 102
6 5 0650 4017.0-4026.0 543.5-552.5 9.0 4,72 52
22 21 1815 3572.4-3576.8 102.4-106.8 4.4 3.25 74
a7 5 1209  4026.0-4035.0 552.5-561.5 9.0 2.66 30
23 21 1935 3576.8-3581.2 106.8-111.2 4.4 1.55 i3 5
38 5 1531  4035.0-4044.0 561.5-570.5 9.0 2.30 26
24 21 2053  3581.2-2585.6 111.2-115.6 4.4 2.43 55
9 5 1901  4044.0-4053.0 570.5-579.5 9.0 2.90 12
25 21 2210  3585.6-3590.0 115.6-120.0 4.4 4.02 91
40 6 0009  4053.0-4057.5 579.5-584.0 4.5 5.75 100 +
26 21 2340 3590.0-3594.4  120.0-124.4 4.4 193 89
41 6 0448  4057.5-4066.5 584.0-593.0 9.0 4.40 49
27 2 0100 3594.4-3598.8 124.4-128.8 4.4 1.86 88
28 22 0214 3598.8-3603.2 128.8 42 6 0823  4066.5-4075.5 593.0-602.0 9.0 1.5 17
8- a .8-133.2 4.4 243 55
43 6 1156  4075.5-4084.5 602.0-611.0 9.0 1.39 15
29 2 0322 3603.2-3607.6 133.2-137.6 4.4 335 76
44 6 1521  4084.5-4093.5 611.0-620.0 9.0 2.00 s
30 n 0440  3607.6-3612.0 137.6-142.0 4.4 .76 85
45 6 1820 4093.5-4102.5 620.0-629.0 9.0 1.87 21
£ n 0605 3612.0-3616.4  142.0-146.4 4.4 2.9 68
46 6 2145  4102.5-4111.5 629.0-638.0 9.0 2.85 32
32 2 0740  3616.4-3620.4 146.4-150.8 4.4 3.75 85
47 7 0221 4111.5-4120.5 638.0-647.0 9.0 3.82 42
33 » 0900 3620.8-3625.2 150.8-155.2 4.4 2.02 46
48 7 0607 4120.5-4129.5 647.0-656.0 9.0 kR 34
4 2 1030 3625.2-3629.6 155.2-159.6 4.4 342 78
49 ¥ 1331 4129.5-4138.5  656.0-665.0 9.0 27 30
35 22 1305 3629.6-3634.0 159.6-164.0 4.4 4,01 9
50 8 2329 4138.5-4143.0 665.0-665.5 4.5 0.30 6
36 n 1415 3634.0-3638.4  164.0-168.4 4.4 3.50 80
51 9 0421 4143.0-4152.0 669.5-678.5 9.0 0.90 10
37 2 1540 3638.4-3642.8 168.4-172.8 4.4 3.52 81
52 9 0923 4152.0-4161.0 678.5-687.5 9.0 4.05 45
38 22 1705  3642.8-3647.2 172.8-177.2 4.4 3.95 20
19 P & 53 9 1153 4161.0-4165.5 687.5-692.0 4.5 0.37 8
22 1833 3647.2-3651.6 177.2-181.6 4.4 0.49 11
54 9 1414  4165.5-4170.0 692.0-696.5 4.5 1.58 is
40 22 1950  3651.6-3656.6 181.6-186.0 4.4 2.57 58
55 9 1700 4170.0-4179.0 696.5-705.5 9.0 1.27 14
4 22 2125 3656.0-3660.0 186.0-190.0 4.0 383 96
56 9 2001 4179.0-4188.0 705.5-714.5 9.0 1.78 20
42 n 2310 3660.0-3664.0 190.0-194.0 4.0 2.35 59
57 10 0027 4188.0-4197.0 714.5-723.5 9.0 19 43
43 23 0028 3664.0-3668.0 194.0-198.0 4.0 4.52 113
58 10 0512 4197.0-4206.0 723.5-732.5 9.0 1.86 43
EE 23 0155  3668.0-3672.0 198.0-202.0 4.0 2.33 58
59 10 0816 4206.0-4215.0 732.5-741.5 9.0 0.40 4
45 23 0320 3672.0-3676.0 202.0-206.0 4.0 2.82 T
60 10 1232 4215.0-4224.0 741.5-750.5 9.0 1.85 21
46 23 0455  3676.0-3680.0 206.0-210.0 4.0 1.64 41
61 11 1752 4224.0-4228.5 750.5-755.0 4.5 2.31 26
47 23 0630  3680.0-3684.0 210.0-214.0 4.0 1.70 43
62 11 2036 4228.5-4237.5 755.0-764.0 9.0 1.60 18
48 23 0740 3684.0-3688.0 214.0-218.0 4.0 1.31 33
63 12 0115 4237.5-4246.5 764.0-773.0 9.0 3.85 43
49 23 0905 3688.0-3692.0 218.0-222.0 4.0 1.92 48
64 12 0630 4246.5-4255.5 773.0-T82.0 9.0 4.55 51
50 23 1030 3692.0-3696.0 222.0-226.0 4.0 1.7 43
65 12 0948  4255.5-4264.5 782.0-791.0 9.0 1.10 12
51 23 1150 3696.0-3700.0 226.0-230.0 4.0 1.78 45 66 12 1611 4264.5-4271.5  791.0-800.0 9.0 2.41 27
52 23 1310 3700.0-3704.0  230.0-234.0 4.0 1.38 as : ! 3 5 ¢ ¥
67 12 1904 4273.5-4282.5 800.0-809.0 9.0 0.95 11
53 23 1415 3704.0-3707.0 234.0-237.0 30 1.08 36
54 71 1545 3707.0 237.0 0 0 0 68 12 2154  4282.5-4291.5 B09.0-818.0 9.0 0.80 9
) : 69 13 0013 4291.5-4300.5 818.0-827.0 9.0 1.00 11
Total m 174,58 m 70 13 0415  4300.5-4309.5 B27.0-836.0 9.0 1.48 16
Hole 5044 Total 574.5 168.15 29.3
1 27 Sept. 2200 3694.5-3704.0 226.5-236.0 5 X . . s
2 27 i 2300  3704.0-3713.5 236.0—&5.5 gg gg; gg & No heat flow/pore water measurements possible at this level because of malfunctions of

heave compensator.
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SITES 501 AND 504

Table 3. Logging and downhole measurement

operations—Holes 501, 504A,

504B, and 504C.
Date Time
(1979) Interval Operations Comment
Hole 501
9 July 1505-1700 Downhole temperature Valid measurement
9 2155-2400 Downhole temperature Valid measurement
12 1330 Completion of drilling
12 1330-1630  Packer flow tests Infl severely d;
12 1630-2300 Clean and prepare hole for logging
13 2300-0530  Sonic and natural gamma caliper logs Sonic tool didn't work
13 0530-1200 Gamma compensated density, natural Matural gamma questionable
gamma, caliper, and temperature
logs
13 1200-2400 Borehole televiewer Excellent results
14 0000-1300 Downhole magnetometer Hy, Hy, Hz good data, poor
magnetic susceptibility
i4 1300-1900 Temperature log and sampler Sampler collapsed
14 1900-2345  Clean hole, flush with mud
15 0000-0415  Laterolog, neutron density, natural Excellent natural gamma gave
gamma anomalous results in base
15 0615-1645  Large-scale resistivity experiment Valid measurements obtained at 10-m
intervals
Hole 504A
26 Oct.  0600-0900 Temperature, caliper, natural gamma Valid results, good sample

Hole 5048, Leg 69

sampler

19 Oct. 1130 Drilling stopped at 3962.5 m

20/21 2020-2000  Packer flow tests at 3790 m and
3959.5 m

22 1600-2100  Matural gamma, compensated density,
caliper temperature

2/23 2145-0145  Guard resistivity, neutron density,
natural gamma

23 0200-1150 Downhole magnetometer

23 1200-2200 Borehole televiewer

23/24 2200-0200 Sonic velocity

24 0315-0800 Downhole magnetometer

24/25 0830-2225 Packer sampler

Hole 504B, Leg 70

3 Dec. 3473-3933  Temperature log with Tokyo T-probe
in drill bit

B 3837-4129 Temperature log with Tokyo T-probe
in drill bit

13 0430-1100  Clean out hole, pull above mudline,
drop bit, re-enter hole

13 1305-1753  Sonic log (interval velocity and
spectrum), natural gamma, caliper,
maximum temperature

13/14 1836-0210  Oblique seismic experiment

14 0230-1650 Large-scale electrical resistivity

14 1805-2330 Temp ure log; p d density,
natural gamma, caliper,
maximum temperature

15 0000-2115  Oblique seismic experiment

15/16 23180510 Guard resistivity, neutron density,
natural gamma

16 0520-0915  Temperature log and water sampler

16 0945-1421  Guard resistivity, natural gamma,
neutron density

16 1421-2355  Pull drill string and magnaflux BHA

Hole 504C

14 Oct.  1232-1410 Downhole temperature and IPWS2

14 1601-1800 Downhole temperature and IPWS

14 1917-2100 Downhole temperature and IPWS

14 2242-2400  Downhole temperature and [IPWS

Flow tests valid
Valid data
Valid data

Unsuccessful on two runs

Fair performance, lowering useful
record obtained

Failed on trip down

Successful run

8 ler filled, infl
destroyed

54 days after Leg 69 departure from
hole

30 hr after cessation of coring
operations

All tools operated satisfactorily

Instrument malfunctioned

Good data obtained

Density tool did not operate,
~40 hrs. after cessation of
circulation

Satisfactory travel time data

Resistivity tool failed on way down
al 3800 m, density

Satisfactory. —75 hr after cessation
of circulation

Resistivity okay, neutron density only
partly successful

Valid measurement
No valid measurement—failed battery
Valid measurement
Valid measurement

A In situ pore water sampler.

tioning, so it could not be used as a reference. The Glo-
mar Challenger maneuvered in the vicinity until a reli-
able fix could be obtained. The beacon for Site 504 was
dropped at 0413 hr. local time on 20 September 1979
based on dead reckoning from the last reliable fix, and
subsequent satellite fixes showed this new beacon to be
0.9 km due east of Site 501.

The location of Hole 504 is 250 meters east and 90
meters south of Hole 501 (Fig. 2 and Table 4). A bottom
hole assembly designed for the hydraulic piston corer
(HPC) was made up and the pipe was run in on the morn-
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ing of 20 September. After touching bottom the bit
washed down to approximately 10 meters below the
mudline (3480 m below the derrick floor), and hydraulic
piston coring began at that point.

Continuous hydraulic piston coring was carried out
to a depth of 237 meters (53 cores) without a serious
malfunction (Table 2). At this depth chert layers were
encountered, as anticipated from the Site 501 results,
which the HPC could not penetrate, and coring was
stopped. The recovery rate of the piston coring was 95%
in the upper 100 meters. Below this depth the sediment
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Figure 2, Bathymetry of the Costa Rica Rift flank near drill Sites 501, 504, and 505 (from CRRUST, 1982). At the upper right is an index map of the Galapagos Spreading Center;
locations of other DSDP sites are shown. At lower right are magnified maps of the hole locations at the sites. For some sites, two positions are given: (1) the position based
on the average of satellite navigation fixes (shown by crossed lines) and (2) positions relative to the first hole at a site based on offsets of the Glomar Challenger’s dynamic po-

sitioning system (shown by squares).
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SITES 501 AND 504

Table 4. Positions of Holes 501 and 504.

Mean of Satnav® Fixes Relative to First Hole?

Latitude  Longitude  Latitude Longitude
Hole N W N w
501 1°13.63" 83°44.06' — -

504 1°13.571"  83°43.942' -_— et

504A  1°13.609° 83°43.955" 1°13.622° 83°44.007’
504B¢ 1°13.624" 83°43.819’ 1°13.632" 83°43.843"
504C  1°13.642" 83°43.891° 1°13.633° 83°43.884’

2 Satellite navigation.
Location relative to the first hole drilled at the site (504) is
based on offsets from the beacon set into the positioning
computer. Location of first site is assumed to be the mean
of Satnav fixes.

C Position of Hole 504B, based on Leg 70 navigation, is
1°13.63'N and 83°43.81'W.

became more consolidated and stronger, and the recov-
ery rate decreased. A significant decrease in recovery
rate also occurred between 100 meters and 115 meters
sub-bottom, which does not coincide with any abrupt
change in physical properties of the sediments. Full ex-
tension of the piston core barrel was achieved at each
firing to a depth of 175 meters, with a single exception
at 111 meters. At depths greater than 175 meters, 10 out
of 15 cores showed evidence of extension shorter than
4.4 meters.

For the first 39 cores the bit was advanced 4.4 meters
by washing regardless of the amount of recovery or pen-
etration. Beginning with Core 40, the bit was washed
down only 4.0 meters after each core and the bit face
was raised 40 cm above the bottom of the hole before
the piston corer was fired. Core 53 penetrated a chert
layer that was probably a few centimeters thick and ob-
tained a 100-cm section of softer chalk beneath. The rim
of the cutting edge was peened over by the chert. A last
core, Core 54, was attempted in Hole 504, but no sample
was obtained and the core catcher was badly damaged.

Operations at Hole 504 ended at 2330 hr. on 23 Sep-
tember 1979,

Hole 504A

After the completion of drilling operations at Hole
504 the ship was shifted to a point approximately 100
meters north and 120 meters west of Hole 504, With the
beacon as the reference point this location was about
100 meters east of Site 501 (Fig. 2 and Table 4), and a re-
entry hole was begun. The running of the pipe was slow-
ed by problems with the thrusters. A 90-meter section of
16-in. casing was washed down into the sediments, and
the cone was set.

At that point the bit was released from the casing and
washed down to a depth of 97 meters sub-bottom. A
bottom hole temperature measurement and in sifu water
sampler were tried at this depth, but leakage of seawater
into the pressure housing ruined the observations. A
second heat flow and in situ pore water sampler (HF/
IPWS) run was made after washing down 152 meters
sub-bottom. The probe became jammed in the bit and
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could not be retrieved by the sandline. As a result the
drill pipe was pulled back on board. Again, the heat
flow and in situ pore water sampler observations were
ruined because of the leakage of water into the pressure
core.

At 0600 hr. on 27 September re-entry was made and
the bit was washed to a depth of 3694.5 meters. This
depth placed the bit about 7.5 meters above the first
chert zone. From this depth continuous rotary coring
began. The basement was reached at 3732 meters, 264
meters sub-bottom. A 14 7/8-in bit was used during the
first phase of the drilling to open a hole for the second
length of 11-in. casing. Drilling was slow, with much
torque, and at about midnight on 28 September very
high torque and no downward progress indicated possi-
ble bit damage. The drill string was pulled from the hole
for a second time, and we discovered that two of the
cones and the shanks that supported them had broken
off the large-diameter bit and remained in the hole.
Since the two large roller cones and steel fragments lying
in the bottom of the hole would have taken considerable
time and perhaps special equipment to remove, we de-
cided to stop operations at Site 504 temporarily and
move to Site 505. We left Site 504 at about 0800 hr. on
29 September. While we were at Site 505, a new re-entry
cone was prepared for our return to Site 504.

Hole 5048, Setup and Initial Re-Entries

Following the completion of the program at Site 505
at about 1800 hr. on 7 October 1979, we returned to Site
504 to begin a second re-entry. On the way south from
Site 505 standard underway geophysical measurements
were made along a line parallel to, and 2 miles east of,
the track made going northward. The location of Hole
504B is about 300 meters east of Hole 504A (Fig. 2).

The operation of setting up a new multiple re-entry
site, which included casing the hole through 275 meters
of sediment to basement, took 4 days and was com-
pleted by 2015 hr. on 8 October. At 260.5 meters sub-
bottom we began coring. The first two cores contained
chert and siliceous chalk. Igneous basement was encoun-
tered at 3748 meters sub-bottom.

After we drilled a short distance into basement, we
flushed the hole with mud and seawater and pulled the
large-diameter drill pipe out of the hole. The hole was
re-entered at 1330 hr. on 10 October, and 275 meters of
11 3/4-in. casing was run into the hole and cemented in-
to basement. After the casing operation, the string was
once again pulled up on deck and a bottom hole assem-
bly, inciuding a standard 9 7/8-in bit, was made in prep-
aration for basement drilling. We re-entered for the sec-
ond time on 11 October at 1616 hr.

Continuous coring was carried out from 0000 hr. on
12 October to 0630 hr. on 14 October, reaching a depth
of 393 meters sub-bottom. Fourteen cores, consisting of
pillow basalts, one massive flow, and several thin flows,
were taken. The rocks recovered were highly fractured,
and sticks of core more than 20 cm long were rare. The
drilling conditions were relatively good, and penetration
rates were normal. On the average we required 4 to 5 hr.



to cut a 9-meter core. The heave compensator system
was used during coring, and it appeared to make drilling
smoother, with less torque.

Hole 504C

After Core 16 was taken at Hole 504B, we decided to
change the bit. However, before bringing the bottom
hole assembly back on deck, we offset 200 ft. west of
the cone and washed down through the sedimentary sec-
tion to 220 meters to make four bottom hole tempera-
ture measurements and take in sifu pore water samples
(Table 3). This hole was designated Hole 504C even
though no cores were taken. Three of the four tempera-
ture measurements were successful, and all four of
the in situ sampling attempts were successful, although
chemical evidence indicates that the two deepest samples
are strongly contaminated by circulating seawater. We
believe this to be due to the incomplete closing of the
valve on the sampler after the fluids in the sediment had
been drawn. The heave compensator was used during
the operations at Hole 504C, and this helped to hold the
bit steady, even in weak sediments.

Hole 504B, Additional Coring

After the completion of Hole 504C the drill string
was brought on deck. Preparations were made for the
third re-entry into Hole 504B. In an effort to improve
knowledge of bit movements during re-entry, a sonar re-
flector with a mooring weight was set on the bottom
about 30 meters north of the cone. While the ship was
being maneuvered back to the cone in preparation for re-
entry it suffered a major power failure; without power
for maintaining position or operating the drilling equip-
ment, the ship began to drift northward in the prevailing
currents. This carried us into shallower water, allowing
the drill string to drag along the soft bottom. When
power was restored we pulled the bottom hole assembly
back on board to inspect it and to magnaflux its most
vulnerable sections. The bottom hole assembly proved
to be sound, so we started back down immediately for
another attempt at re-entry. This was achieved at 2230
hr. on 16 October. The bit was run back to the bottom
of the hole, and we began the second segment of base-
ment drilling and coring in Hole 504B. Coring was car-
ried out without interruption until 1130 hr. on 19 Octo-
ber, when it stopped after a total penetration of 489 me-
ters sub-bottom (Table 2). As before, the drilling went
quite smoothly, with little torquing. The penetration
rate was on the average about 40 meters per day. Core
recovery was variable but predominantly low (28%).
Highly fractured basalt, rounded pieces, and some brec-
ciated basalt were recovered. The pipe was then pulled
up on deck to begin the experimental and logging phase
of the program.

Hole 504B, Experiments and Logging, Leg 69

The bottom hole assembly was changed to include the
Lynes packer subassembly, the hydraulic bit release, and
torque jars. After the packer was assembled we lowered
it just below the waterline and began testing. The first
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test showed that the packer subassembly was not oper-
ating properly, but the fault was corrected and the as-
sembly was successfully tested before it was sent down
for a fourth re-entry.

The fourth re-entry at Hole 504B was made at 2020
hr. on 20 October. We ran down the hole to 3790 me-
ters, where coring had revealed a massive flow unit, and
conducted the first series of pulse and flow tests. The
packer was successfully inflated and the plug was blown.
The packer remained inflated so that several flow tests
were carried out. They revealed the lower 120 meters of
the hole to be quite permeable (Zoback and Anderson,
this volume).

The go-devil was retrieved, the bit was lowered to the
bottom of the hole, and a second series of tests was suc-
cessfully executed. The packed-off section of the hole
lost pressure slowly, requiring more than 15 min. to
decay to 300 psi. However, it proved impossible to re-
trieve the go-devil. We wrestled with this problem until
about 2000 hr. on 21 October, when we decided that we
would have to trip the drill string.

Once back on deck we discovered that the fishing
head of the go-devil was covered by over a foot of rust,
but the packer element was in good condition.

The fifth re-entry for logging Hole 504B was achieved
at 1330 hr on 22 October. To preserve the established
temperature gradient we lowered the bottom of the pipe
only 60 meters into the casing. The logs and experiments
run in Hole 504B are listed in Table 3.

The drill hole proved to be remarkably clean and free
of obstructions. The tools could be lowered to 3952
meters without difficulty. This was 10 to 11 meters shy
of the bottom, so some type of fill blocked the lowest
part of the hole.

The Soviet downhole magnetometer was run three
times. During the first run, susceptibility and vertical
component measurements were successfully measured,
but the horizontal component measurements were high-
ly variable (Ponomarov and Nekhoroshkov, this vol-
ume). During the second run only the horizontal com-
ponents were measured, but they were again plagued by
highly variable signals. A third run from 0315 to 0800
hr. on 24 October gave much better results on the hori-
zontal sensors.

The borehole televiewer was run successfully into the
hole. This was a major achievement, since the instru-
ment had suffered significant damage in transit to the
ship. In repairing it we used a transducer from one of
the re-entry tool heads, and many modifications in the
electronics and mechanical operation of this rather com-
plex tool had to be made. The records were noisy, espe-
cially near the top of the hole, but performance im-
proved greatly as the instrument was lowered deeper in
the hole. With 2 days remaining at the site during Leg 69
we planned further packer tests, including drawing a
large-volume sample at in situ pressure with the annulus
of the hole packed off, and additional flow tests above
and below what appeared to be a highly permeable zone
where water was flowing down the hole and into the
basement rocks.
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The bottom hole assembly with the packer was run
back downhole starting at 2300 hr. on 24 October. The
sixth re-entry at Hole 504B was made at 0723 hr. on 25
October. The bit with the power subassembly in place
was run into the hole to a total depth of 3962.5 meters.
A bridge that had been stoppping logging tools at about
3950 meters was knocked out by the bit. The hole was
flushed with 50 barrels of barite mud and then with sea-
water.

The packer sampler actuating tool, together with the
sampler, which stands nearly 70 ft. (21.3 m) high, was
dropped down the hole at 1415 hr. Pressure was applied
to inflate the packer and open the sampler-filling part.
When pressure was bled off, the BHA was found firmly
stuck in the bottom of the hole. The sampler was re-
trieved with the sandline; it contained a good sample.
The 15-gal. sampler space was filled with water and ex-
solved gas, The bit remained stuck, so some additional
flow tests were made. We noted that the pressure at the
bottom of the hole fell off more and more rapidly with
each test. After these tests, we found that the bit could
be worked up about 10 meters; then it became stuck
again. However, the pipe could be rotated, indicating
that the packer element had probably been broken free
by torquing. The drill string was pulled up against con-
siderable friction in the hole. Since it appeared that the
hole would be endangered if we tried to run in again, we
decided to end operations in Hole 504B at this point.
We pulled the bit above the mudline at 2225 hr. on 25
October. We then offset the vessel to the cone at Hole
504A for logging in that hole, which had last been dis-
turbed on 29 September (Table 2). A logging run to
3744.6 meters in Hole 504A was successful.

Hole 504B, Leg 70

The operations in Hole 504B during Leg 70 were
centered mainly on the continuous coring of basement
rock, and logging the hole after coring terminated, We
cut 41 cores in basement between 489 and 836 meters
sub-bottom over a period of about 9 days (Table 2). Ta-
ble 3 gives a summary of the logging and downhole mea-
surement operations made after we drilled and cored to
final depth.

The Glomar Challenger arrived in the vicinity of
Hole 504B on the evening of 1 December 1979 after
following a generally eastward track from Site 510.
Sonic pulses from the beacon left on Leg 69 were ob-
served on the depth recorder as the vessel passed over
the site, but when we returned to the vicinity (without
good satellite fixes for several hours), the pulses were ir-
regular. An occasional good beacon fix allowed the ves-
sel to approach near enough to drop a new beacon at
2303 hr. on 1 December.

After running in the drill string to near the mudline,
the sonar scanning tool was deployed for finding the re-
entry cone. The tool did not rotate properly, however,
and after several unsuccessful attempts we decided to
pull the drill string and inspect the bit assembly. The bit
was on board at 2245 hr. on 2 December, Tests indicated
that nothing was wrong; the tool operated satisfactorily

at the surface. Therefore, the drill string was run back
down, and the sonar scanning tool was run in again. We
again had difficulty rotating the scanner until we discov-
ered that reducing the pump pressure allowed it to oper-
ate normally. In the meantime, the numerous satellite
fixes received after dropping the beacon had allowed the
vessel to be positioned rather accurately over the site lo-
cation determined on Leg 69, and when the sonar scan-
ning tool became operable the re-entry cone was seen
only about 20 meters away. Re-entry was accomplished
at 1343 hr. on 3 December after about 3 hr. of maneu-
vering.

After we lowered the bottom hole assembly about 40
meters into the hole to be certain that re-entry had been
properly effected, we ran in the temperature measure-
ment device (Tokyo T-probe) and Barnes pore water
sampler and successfully lowered them to the bottom of
the hole by running in the drill string. Then Cores 30 to
49 (Table 2) were cut until we decided to change the bit.
(There was no recovery in Cores 30 and 31, evidently
owing to the presence of torn pieces of the packer ele-
ment left in the hole during Leg 69.) The drill string was
pulled above the mudline at 1140 hr. on 7 December to
drop the bit in anticipation of re-entry and to attempt
some downhole measurements. However, we were un-
successful in dropping the bit, so by 2130 hr. on 7 De-
cember the drill string was brought back on board. At
the surface we discovered that the bit had dropped off,
so the release had probably operated, but not complete-
ly. The bit was changed and the drill string run back
down, and re-entry was accomplished at 1232 hr. on 8
December.

The Tokyo T-probe/pore water sampler was then run
again as before to the bottom of the hole. Continuous
coring resumed at 1245 hr. on 8 December, and Cores
50 to 60 were cut. The variations in the diameter of the
recovered cores caused doubt about the condition of the
bit, so we brought the drill string back on board for a bit
change. The bit still appeared to be in reasonably good
condition, but we replaced it with a new bit nonetheless
and re-entry was accomplished at 0750 hr. on 11 Decem-
ber 1979. The Tokyo T-probe/pore water sampler was
run as before to the bottom of the hole; a water sample
was successfully obtained, but the temperature-measur-
ing instrumentation did not function properly.

We then resumed continuous coring until 0430 hr. on
13 December 1979, during which time Cores 61 to 70
were cut. Drilling conditions remained excellent through-
out, with drilling rates running at more than 4 m/hr.,
even though recovery was low. However, time con-
straints for Leg 70 required that we begin an extensive
program of logging and downhole measurements at this
point. Therefore the drill string was pulled above mud-
line, the bit was successfully released outside the hole,
and re-entry was accomplished for the fourth and final
time (on Leg 70) at 1055 hr., 13 December 1979.

The logging program (Table 3) was completed at about
1420 hr. on 16 December, and the drill string was brought
on board shortly before midnight. Hole 504B was left
clean for possible future drilling, and the ship departed



for port shortly after 0018 hr. on 17 December. Seismic
reflection profiling was carried out on a southerly course
away from Hole 504B.

SEDIMENT STRATIGRAPHY AND LITHOLOGY

Hole 501

The sediment column for Hole 501 was spot cored (10
cores) to basement; total sediment recovery was 41,95
meters (Fig. 3). The total sediment thickness was 264
meters. Essentially the same sedimentary types were en-
countered as at Site 504 for the respective depth inter-
vals, except for the top 10 meters, which were not cored
at Site 504.

Core 1 of Hole 501 (0-7.6 m) consists of siliceous car-
bonate core. Its basic color is dark greenish gray. The
calcareous biogenic fraction (average: 53%) consists
mainly of nannofossils (23% of the total sediment), for-
aminifers (18%), and unspecified carbonate particles
(12%). The siliceous biogenic fraction (average: 26%) is
formed by diatoms (12%), radiolarians (8%), sponge
spicules (6%), and traces of silicoflagellates. Clay-sized
material in the core averages 12%. There is also a signif-
icant amount of colorless volcanic glass in the core, with
an average abundance of 5.7%. Trace components are
glauconite, opaque minerals, and other detrital constit-
uents. Drilling disturbance has largely obliterated the
sedimentary structures. However, the sediment seems to
be bioturbated, and relief bedding is indicated by chang-
es in the color, grain size, and composition of the sedi-
ments. Components of volcanic glass of 10 and 15% were
found at 5.49 and 7.05 meters and may represent dis-
seminated ash layers decomposed by bioturbation and
drilling.

Since the remaining cores in Hole 501 resemble sedi-
ments that were continuously cored nearby at Site 504,
and since the Site 504 sediments are very little disturbed
by drilling, the remaining Hole 501 cores are not de-
scribed here.

Site 504 Summary

The sedimentary sequence for Site 504 consists of
three lithologic units (Fig. 3):

1) Unit 1 (0 to 143.5 m)—Ilate Pleistocene to late Pli-
ocene siliceous-nannofossil and nannofossil-radiolari-
an oozes, variably clay bearing;

2) Unit II (143.5 to 227.2 m)—Ilate Plicoene to late
Miocene siliceous-nannofossil chalk; and

3) Unit III (227.2 to 271 m)—Ilate late Miocene inter-
bedded nannofossil chalk, limestone, and chert.

In Holes 501, 504A, and 504B basaltic basement was
reached at 264, 262, and 271 meters, respectively (Fig.
3). The differences are due to the slightly undulating
basement relief. In Hole 504A the first limestone layer,
which was intercalated in nannofossil chalk and was on-
ly a few centimeters thick, was reached at 227.2 meters.
In Hole 504 the first encounter with limestone occurred
deeper, at 234.2 meters. The uppermost dense limestone/
chert beds shown by the televiewer record and the log-
ging data occur between 235 and 237 meters, however.
Therefore it is very likely that at Hole 504 the hydraulic
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piston corer went through the thin limestone layer found
at Hole 504A without recovery before it reached the
dense limestone/chert beds.

The oozes and chalk of Units I and II consist mainly
of calcareous nannofossils, with other fossil remains
such as radiolarians, diatoms, silicoflagellates, sponge
spicules, and foraminifers. Within the clay-sized frac-
tion, montmorillonite is the major constituent. Color-
less rhyolitic volcanic glass and pyrite are minor but
significant constituents. The pyrite and the prevailing
green hues are characteristic of the reduced oxidation
state throughout Units I and I1. Both units are moderate-
ly to intensively bioturbated. Relict bedding is evidenced
by changes in color, composition, grain-size distribu-
tion, and CaCO; content. Except for a few discrete ash
layers, no sharp lithologic boundaries are apparent.

Units I and II exhibit differences in induration,
marked by sudden changes in porosity, shear strength,
and thermal conductivity (see Wilkens and Langseth,
this volume). They also differ in color (Unit I is darker),
CaCO; content (Unit II is generally higher), and fossil
preservation (fossil debris is more fragmented in Unit
II). Corrosion on foraminifers and echinoderm spicules
is common in Unit II, as is calcitic overgrowth on dis-
coasters. In the middle part of Unit I there is also a
remarkable increase in the content of siliceous fossil re-
mains.

Unit III was clearly derived from the same basic ma-
terial as the units above, since it also has radiolarians,
diatoms, silicoflagellates, sponge spicules, foraminifers,
and nannofossils and is comparably burrowed. However,
increased dissolution and fragmentation often make
microfossil recognition difficult. Silica dissolution and
pore-filling redeposition of opal-A and its transforma-
tion toward opal-CT as well as chalcedony and quartz
led to a considerable degree of chertification. It is clear
that the unit boundaries at Site 504 are basically diage-
netic boundaries.

Lithologic Units, Site 504

Unit I (Cores 501-1 to 504-31, 0-143.5 m)

Unit I consists of siliceous-nannofossil and nanno-
fossil-radiolarian oozes and is variably clay bearing. It
may be subdivided into three subunits as follows on the
basis of differences in color.

Subunit IA (Cores 501-1 to 504-13, 0-65 m)

Subunit IA is an early to late Pleistocene nannofossil-
radiolarian ooze, sometimes clay bearing. Its prevailing
colors are greenish gray, dusky yellow green, grayish
green, and grayish yellow green, with some olive in the
top 10 meters. Color layering is more frequent in the
subunit’s upper part but is visible throughout. Extensive
bioturbation has mottled the colors considerably. Zoo-
phycos burrows are especially prominent.

The average grain-size distribution shows that the
subunit is composed of 5% sand-sized (> 63 pm), 84 %
silt-sized, and 11% clay-sized (visual estimate) material.
The CaCO, content measured on board by the Karbon-
at Bombe method averages 41% and stems mainly from
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calcareous nannofossils and a considerably smaller por-
tion of foraminiferal material (intact tests and frag-
ments). The siliceous biogenic portion of the sand- and
silt-sized fractions consists mainly of radiolarians and
diatoms; silicoflagellates and sponge spicules are minor
constituents. Montmorillonite is the major component
of the clay-sized fraction. Besides three distinct volcanic
ash layers (at 12.25, 14.95, and 28.75 m), there is an in-
creased amount (2-5%) of disseminated glass at both
ends of the subunit. In the middle part, glass drops be-
low 1%. The intervals with higher volcanic glass content
show more vertical burrowing.

Subunit IB (Cores 504-13 to 504-21, 65-99 m)

Subunit IB is an early Pleistocene to late Pliocene
clay-bearing nannofossil-radiolarian ooze. Its prevailing
colors are dusky to grayish yellow green and light to
dark olive gray and olive. Color layering is less signifi-
cant than in Subunit IA. Bioturbation is less significant
than in Subunit IA insofar as Zoophycos burrows and
large vertical burrows are concerned. The average grain-
size distribution shows 4% sand-sized (> 63 pm), 80%
silt-sized, and 16% clay-sized (visual estimate) material.
The clay-sized portion of the sediment is large in the up-
per part (up to 35%) and low in the lower part of the
subunit (< 10%). The mean CaCO; content in the sub-
unit is 32%. With the increasing content of clay-sized
material, the CaCO; content decreases. The different
grain-size fractions of Subunit IB are generally formed
by the same constituents as those of the subunit above
it. There is a remarkable increase in the content of si-
liceous fossil remains, as compared with Subunit IA;
however, the preservation of all microfossils is quite

poor, with only dissolution-resistant species remaining. -

Volcanic glass rarely exceeds 1% and is nowhere higher
than 2%. No volcanic ash layers were observed.

Subunit IC (Cores 504-21 to 504-31, 99-143.5 m)

Subunit IC is a late Pliocene clay-bearing siliceous-
nannofossil ooze. The prevailing colors are greenish gray
in the upper part and light olive gray in the lower part of
the subunit. Color layering is less significant than in
Subunit IB. Zoophycos burrows are more frequent than
in Subunit IB and are increasingly visible with depth,
whereas large vertical burrows like those in the overly-
ing subunits were not observed. As in the case of Sub-
unit IB, large burrow halos with dark gray and purple
rinds become abundant. The average grain-size distribu-
tion shows that the subunit is composed of 3% sand-
sized, 76% silt-sized, and 21% clay-sized material. The
clay-sized portion is large (up to 50%) in the upper half
and small (6-15%) in the lower half of the subunit. The
constituents of the different grain-size fractions are the
same as in the subunits above. The CaCO, content aver-
ages 44%. It is lower where the clay-sized portion of the
sediment is higher (minimum CaCO;: 12%) and higher
where the clay-sized portion is lower (maximum CaCOj:
50%). Volcanic glass occurs mainly as traces. The pyrite
content shows its maximum at the top of the subunit,
where it reaches 3%. The firmness of the sediments of
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the subunit increases considerably with depth, leading
abruptly into chalk.

Unit II (Cores 504-31 to 504A-1, 143.5-227.2 m)

Unit II consists of siliceous-nannofossil chalk. The
sometimes clay-bearing chalk is characterized by colors
of light gray, light greenish gray, and very pale green.
Color changes are less numerous than in Unit I. Biotur-
bation is intense. Remarkable large halos around the
burrows are prominent throughout the chalk sequence
(see also Subunit IC). The average grain-size distribu-
tion shows 2.5% sand-sized, 87.5% clay-sized, and 10%
clay-sized material. The constituents of the different
grain-size fractions are the same as in Unit I. The
CaCO; content of Unit IT averages 69%. It rises more or
less continuously toward the base of the chalk. Volcanic
glass occurs mainly as traces, except for three discrete
ash layers at 173, 183.4, and 187.35 meters and a glass-
rich layer at 200 meters (probably a dispersed ash layer).
Pyrite occurs as traces only and is therefore generally
less abundant than in Unit I. In the upper half of the
chalk sequence there is a remarkable increase in unspeci-
fied carbonate particles. From 168.4 meters downward
irregular signs of corrosion on foraminifers become sig-
nificant, and from 198 meters downward corrosion on
echinoderm spicules becomes apparent as well. From 160
meters downward calcitic overgrowth of discoasters is
strongly enhanced, showing increased diagenetic calcite
dissolution and reprecipitation.

Unit III (Cores 504A-1 to 504B-2, 227.2-271 m)

Unit III consists of interbedded nannofossil chalk,
limestone, and chert. The basic colors are light greenish
gray for chalk, light greenish gray and yellowish gray
for limestone, and medium dark gray for chert. All rock
types show strong vertical compaction, which has pro-
duced fine horizontal lamination and flaser structures.
The compaction as measured on Zoophycos burrows
was approximately 80% . However, in the chalk as well
as in the limestones, numerous open foraminifer cham-
bers occur. The nannofossil chalks and limestones show
only traces of radiolarians and diatoms. The limestones
are biomicrites, showing abrupt differences in composi-
tion on a microscopic scale. Their matrix consists of un-
specified carbonate and nannofossils. Where foramini-
fer chambers have collapsed, their fragments are ar-
ranged parallel to the lamination of the rock. Pyrite is a
minor constituent but is often concentrated in the di-
rection of the laminae. Although the chalk/limestone
boundaries are sharp, there are many transitions between
limestones, porcellanites, and cherts. With increasing
depth a tendency toward chertification becomes more
apparent, although this impression is based on limited
recovery. The thickness of the layers of each rock type
varies, but the chert beds never seem to exceed a few
centimeters in thickness, appearing rather as layers a
few millimeters thick or as stringers. Irregularly cherti-
fied portions within the limestone and nodular chert al-
so appear. Calcitic shells in the silicified portions of the
limestones are mainly filled with chalcedony, but opal-
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CT lepispheres with chalcedony-filled chambers can
also be seen. Partial or total replacement of the calcitic
shell material also occurs.

BIOSTRATIGRAPHY

The Pliocene/Pleistocene boundary, which is defined
by the last appearance of Rhizosolenia praebergonii, oc-
curs 70 meters sub-bottom, in Core 14, Section 2 of
Hole 504. The last occurrence of Discoaster brouweri
occurs almost 15 meters lower, at 84 meters sub-bottom
(Core 17, Section 3). However, calcareous nannofossils
are so rare and poorly preserved throughout the clay-
bearing interval (65-102 m sub-bottom) that the actual
upper limit of the distribution of D. brouweri may be
higher in the section. It is thus not as reliable a market
for the boundary as R. praebergonii.

The Miocene/Pliocene boundary (last occurrence of
Thalassiosira miocenica) occurs at 215 meters sub-bot-
tom, in Sample 504-48,CC. The last occurrence of D.
quinqueramus is probably just below this (220 m sub-
bottom, Sample 504-49,CC.). However, overgrowth of
discoasters is quite advanced at this depth, so the datum
is open to question.

It was not possible to date the remainder of the sec-
tion, because diagenesis has destroyed all of the diatoms
and severely altered the calcareous nannofossils.

Figure 3 gives the diatom zones and datum levels for
Sites 501 and 504. A few datums for calcareous nanno-
fossils are also given. These are less reliable because of
the rarity of marker species in some intervals and the
generally poor preservation resulting from diagenesis
(lower part) or carbonate dissolution (upper part).

SEDIMENT PHYSICAL PROPERTIES

A comprehensive program of physical properties mea-
surement was carried out during the piston coring seg-
ment of the Site 504 investigation. Use of the hydraulic
piston corer for sediment recovery allowed the measure-
ments to be made in relatively undisturbed core sections.
Compressional wave seismic velocities were measured
using the Hamilton frame velocimeter. Wet bulk den-
sity, grain density, porosity, and water content analyses
were carried out using gravimetric techniques. Thermal
conductivity was determined using the standard needle
probe apparatus. A modified Wykeham Farrance vane
apparatus was used to measure sedimentary shear
strength. Penetrometer measurements in close proximi-
ty to the vane shear measurements yielded relative val-
ues of the same parameter. Complete data and detailed
discussion of the results in comparison with Site 505 are
contained in Wilkens and Langseth (this volume),

Sonic Velocity

One Hamilton frame seismic velocity measurement
was made in each section of the core. Velocities are fair-
ly uniform throughout the column, with a mean velocity
of 1.51 km/s in the interval from 10 to 145 meters sub-
bottom followed by an abrupt increase to a mean of
1.53 km/s below 145 meters sub-bottom. In general the
variations between maxima and minima are smooth,
suggesting that the variation is real, but small excursions
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from the mean of up to 0.03 km/s occur in both the up-
per and lower units. These small excursions do not read-
ily correlate with the other physical properties mea-
sured.

The velocity range for the entire column is 1.48 to
1.56 km/s, which is in good agreement with what is ex-
pected from unconsolidated pelagic siliceous-nannofos-
sil ooze. Two additional velocities were measured in
atypical materials. A 2-cm-thick ash layer 187 meters
sub-bottom yielded a seismic velocity of 1.65 km/s, and
a chert fragment from 232 meters sub-bottom, which
was measured out of the core liner, had a velocity of
4.25 km/s.

Wet Bulk Density and Water Content

Determinations of wet bulk density and water con-
tent were made on each core section. From these, grain
density and porosity were derived. Both wet bulk den-
sity and grain density exhibit significant variation
through the sediment column. At approximately 140
meters sub-bottom mean bulk density increases abruptly
from 1.32 g/cc (for the upper group of cores) to 1.48
g/cc (for the lower group of cores). Particularly gratify-
ing is the excellent correlation between fine-scale varia-
tions in wet bulk density determined from measured
samples of Hole 504 and the bulk densities computed
from compensated density logs run at Site 501, some
200 meters distant from Site 504. Such measurement
agreement lends weight to the interpretation of the fine-
scale variations as real phenomena.

Two sections above the 140-meter level exhibit some-
what uniform wet bulk and grain densities. Between 10
and 65 meters sub-bottom and again between 90 and 140
meters sub-bottom, wet bulk density values range be-
tween 1.30 and 1.34 g/cc. Between these intervals is a
zone of lower bulk density (minimum: 1.20 g/cc) and
grain density (minimum: 2.24 g/cc). Below the 140-
meter sub-bottom break, grain density decreases, but in
contrast to the zone discussed previously, the bulk den-
sity increases.

Thermal Conductivity

Thermal conductivity (x) measurements were made
on unconsolidated sediment using the standard needle
probe technique. (The needle was inserted into the sedi-
ment core before the core was opened by drilling a small
hole through the liner.) Usually the cores had been in
the laboratory for several hours before the measure-
ments were made so that they had nearly reached labo-
ratory temperature. A measurement was made on al-
most every core section (every 1.5 m). In all, 121 obser-
vations were made in the cores from Hole 504.

The profile of conductivity (x) versus depth, like
some of the other physical properties, can be divided in-
to two distinct groups. In the interval from 10 to 140
meters sub-bottom, the values show a gradual increase
with depth from values near 0.75 W/m°C near the sea-
floor to 0.85 W/m°C at 140 meters sub-bottom. The
values near the top of the interval are in good agreement
with the values measured on piston cores taken during
the site survey. In the interval from 145 to 235 meters



the » values are significantly higher. Although they ex-
hibit greater variability than the results in the upper in-
terval, a positive gradient with depth is indicated.
Variations of thermal conductivity at the scale of 10
meters are observed in the upper (10-140 m) unit. A
local maximum at 60 meters sub-bottom is followed by
a local minimum centered at 75 meters sub-bottom. Sig-
nificant variations at these depths also occur in the bulk
density. It is well established that the thermal conductiv-
ity of unconsolidated seafloor sediment depends princi-
pally on water content. Thus, the x measurements pro-
vide an independent indication of the variation of water
content with depth. The general agreement between the
x profile and the profiles of gravimetric data provide
strong support that the small-scale variations are real.

Shear Strength Tests

The penetrometer experiment is performed by drop-
ping a needle from a height of 1 cm above the sediment
and recording the depth of penetration. Penetrability
exhibited a steady decrease down the core, with readings
showing rather remarkable consistency through the col-
umn. There is a perceptible change in slope at approxi-
mately 55 meters sub-bottom that could indicate a change
in the rate of compaction. Within this interval, initial
compaction has a larger effect on penetrability than the
more gradual compaction undergone at lower levels in
the sediments.

Vane shear measurements were made by applying in-
creasing torque at a constant rate to a four-bladed vane
embedded in the sediment. Final values of shear strength
were determined from the amount of torque applied to
the vane through a calibrated spring at the time of the
failure of the sediment.

Values of shear strength at the top of the core of 100
to 200 g/cm? are in good agreement with measurements
from deep ocean piston cores of pelagic sediments. Val-
ues increase with relatively small scatter to a sub-bottom
depth of 100 meters. Below 100 meters the scatter
increases greatly, but after a zone of relatively low
strength between 100 and 120 meters the trend continues
to be one of increasing shear strength. The low strength
zone coincides with an interval of poor core recovery,
and cores recovered in this interval may have been af-
fected by some mechanical disruption.

Maximum values of shear strength (1600 g/cm?) were
recorded at approximately 170 meters sub-bottom. Be-
low this depth a rock saw was employed to split the
cores. Greatly reduced values of shear strength in the
bottom 60 meters of the hole are probably due to me-
chanical disruption during the core-splitting process.

In summary, the physical properties of the unconsoli-
dated sediments in Hole 504 can be readily separated in-
to two groups. Group 1 corresponds to Lithologic Unit
I, which is found at 10 to 140 meters sub-bottom, and
Group 2 corresponds to Lithologic Unit II, which is at
145 to 235 meters sub-bottom. Within Group 1, sonic
velocities are extremely uniform over the entire interval,
averaging 1.51 km/s; the gravimetric data bulk density
averages 1.32 g/cc; and porosity averages 80%. There
are significant variations in these parameters which are
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related to the composition and structure of the solid
fraction. Thermal conductivity shows a small and uni-
form positive gradient from 10 to 145 meters sub-bot-
tom, with variations that correlate closely with the den-
sity and porosity profiles.

In Group 2 all of the previously discussed parameters
have significantly different mean values, and the change
in all cases seems to occur within a zone only 5 meters
thick, defining a break in the physical properties of the
sedimentary column. In this deeper interval, bulk den-
sity increases to a mean of 1.48 g/cc, and porosity de-
creases to about 67%. This results in a significant de-
crease in the mean grain density to about 2.4 g/cc. In
the Group 1 sediments, values of 2.55 g/cc predomi-
nate. Thermal conductivity values of the Group 2 sedi-
ments are also higher, ranging from 1.1 to 1.4 W/m?2.

SEDIMENT PORE WATER CHEMISTRY

Interstitial water analyses from the various holes
show similar patterns with depth: Ca2* increases and
Mg?+ decreases over the upper 175 meters to nearly con-
stant values below that depth, and both alkalinity and
chlorinity exhibit a maximum within the upper 100 me-
ters. Although the directions of change for the various
species are the same from hole to hole, the magnitudes
of these changes differ greatly for some species, in direct
relation to the geographic position of the hole. Thus,
the data define lateral gradients for Ca2+, Mg2+, and
alkalinity which are nearly as large as the vertical gradi-
ents. The sediment pore water chemistry is apparently
dominated by seawater/basalt reactions in the base-
ment, and the lateral gradients are believed to result
from the differential propagation of this basement sig-
nal through the sediments by diffusion or advection or
both. These points are discussed further in the chapters
by Mottl and others on the elemental and isotopic chem-
istry of the interstitial waters.

BASEMENT LITHOSTRATIGRAPHY

Hole 501

At Hole 501, we drilled 73 meters of basement, recov-
ering 37.63 meters for 44.7% recovery. Using the oc-
currence of cooling-unit boundaries, phenocryst miner-
alogy, and rock textures as a basis, we divided this sec-
tion into 11 stratigraphic units made up of three of the
five types of basalt defined in the petrographic section
of this chapter. (The types in Hole 501 are Types 1, 2,
and 4.) In the following section, the 11 stratigraphic
units recovered are described in the order encountered
during drilling. A brief summary of the features of these
units, information on the intervals in the cores, and the
approximate depths of the units are given in Table 5.

Unit 1 (Core 10, Section 1-Core 11, Section 1;
Basalt Type 2)

Six cooling margins, consisting of either pillow lavas
or thin flows, were recovered in Unit 1. The basalt is al-
most aphyric (microphyric). Plagioclase phenocrysts (1
mm in length) are rare (<2%). The rocks contain 1 to
2% of olivine and clinopyroxene microphenocrysts. Pla-
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Table 5. Summary of basement lithologic units, Hole 501.

Position of Unit in
Lithologic Column
(Section, interval in cm)

Approx. Depth Interval

Unit From To (m sub-bottom) Basalt Type Description
1 10-1, 7 (1)@ 11-1, 85 (48) 3721-3726 2 Sequence of portions of six aphyric basalt cooling units, either
pillows or thin flows
2 11-1, 89 (49) 11-3, 106 (87) 3726-3730P 2 Two aphyric basalt flows with small (unrecovered) pillow zone
between
3 12-1, 1 (88) 12-1, 90 (98) 3730-3733 2 Sequence of portions of three aphyric basalt cooling units,
either pillows or thin flows
4 12-1,92(99)  14-2, 144 (174) 3733-3745P 2 Nearly 14-m-thick aphyric basalt flow
5 14-2, 146 (175) 15-3, 148 (249) 3745-3757 1 Sequence of many small plagioclase-olivine phyric basalt
pillows or thin flows
6 15-4, 2 (250) 17-2, 85 (306) 3757-3764 1 Plagioclase-olivine phyric basalt flow
7 17-2, 86 (307) 17-3, 38 (318) 3764-3767 1 Similar to Unit 5
8 17-3, 40 (319) 18-2, 30 (353) 3767-37710 4 Sequence of several small plagioclase-olivine clinopyroxene
phyric basalt pillows or thin flows
9  18-2, 32 (354) 18-2, 133 (365) 37171-3777 2 Aphyric basalt pillows or thin flows (only one recovered)
10 18-2, 135 (365) 20-1, 42 (408) 3777-3786 4 Sequence of small plagioclase-clinopyroxene-olivine phyric
basalt pillows or thin flows
11 20-1, 43 (409)  20-4, 150 (480) 3786-3794 4 Sequence of either large (1-2 m) pillows or alternating small

pillows and thicker flows of plagioclase-clinopyroxene
olivine phyric basalt

2 Numbers in parentheses represent piece numbers.

b Calculated on the assumption that the proportion recovered was representative of the fraction present in the interval cored.

gioclase microphenocrysts (up to 1 mm) are more abun-
dant (5-7%). The groundmass in the bulk of the rocks
recovered consists mostly of spherical, bow-tie, and
radial spherulites, but sworls of skeletal plagioclase and
groundmass clinopyroxene are present in the coarser
samples. Vesicles are small (<0.5 mm) and rare (<0.1-
1%) and filled with bright green or brown and red cela-
donite or olive green smectite. The rocks are pervasive-
ly, moderately altered. Olivine in all thin sections is com-
pletely replaced by clay minerals. Glassy margins, in
general, are strongly altered, but some glass is preserved
in most of them. Cracks are abundant and are usually
filled with green or light colored clays. There are oxi-
dized zones along some of the cracks. Red or brown clays
and lesser iron hydroxides are present in the cracks, and
they are dispersed throughout the rock next to the cracks.

Unit 2 (Core 11, Sections 1-3; Basalt Type 2)

The material recovered from Unit 2 suggests that this
was a single flow about 5 meters thick, but the borehole
televiewer indicated that a narrow pillow zone, which
was not recovered, lies between two flows that are 2to 3
meters thick apiece. The interiors of these flows are
holocrystalline, with radial or microdoleritic ground-
masses. A glassy margin from the topmost flow was re-
covered in Core 11, Section 1, The bottom portion of
the two flows was not recovered, but the bottom of
Core 11 is finer grained than the middle of the core, in-
dicating that the flow bottom was near.

Unit 3 (Core 12, Section 1; Basalt Type 2)

Unit 3 consists of portions of three subaphyric basalt
cooling units, either pillow lavas or thin flows. The unit
is similar to Unit 1.
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Unit 4 (Core 12, Section 1-Core 14, Section 2;
Basalt Type 2)

Unit 4, of which we recovered 6.64 meters, consists
entirely of a single flow about 7 meters thick, as re-
vealed by logging and the downhole televiewer. The ba-
salt is similar to the basalts of Units 1 through 3 in the
percentages and dimensions of plagioclase, olivine, and
clinopyroxene microphenocrysts. The central part of the
unit is a holocrystalline subaphyric dolerite. The top
and bottom of the flow are fine grained. The rock is
massive, but it has a well-developed system of subhori-
zontal and vertical fractures along which secondary
minerals have been deposited. In the upper 2 to 3 meters
of the flow, the secondary minerals are mainly green or
red clay minerals and iron hydroxides. Zones of altera-
tion parallel the fractures and are stained red and green.
With increasing depth in the flow, the abundance and
thickness of the cracks decreases, and the cracks are
lined with green clay minerals only. The adjacent zones
of alteration are narrower and are stained dark green—
red staining is absent. At about the point where the al-
teration zones next to the cracks have thinned to vanish-
ing, calcite joins the crack-lining secondary mineral as-
semblage, occupying the central portion of the cracks
between thin bands of green clays. Here, the cracks are
only 1 to 3 mm wide. At the very bottom of the flow, the
crack thickness is very small, but within about 20 cm,
the entire sequence described previously is reversed.
Calcite disappears, and green clays are associated with
reddish clays and iron hydroxides at the very bottom of
the flow.

It seems, therefore, that as secondary minerals were
deposited from fluids circulating through the flow, and



as the residual fluids worked their way along an ever-
more-restricted fracture network, the availability of ox-
ygen diminished, and the maximum solubility of calcite
was exceeded. Fluids working their way into the flow
from the top penetrated the flow farther than fluids at
the bottom. This is related to the way the network of
contraction cracks developed as the flow cooled. Heat
was lost from the top more quickly than from the bot-
tom; hence downward-growing cracks reached deeper
into the flow than upward-growing cracks.

Unit 5§ (Core 14, Section 2-Core 15, Section 3;
Basalt Type 1)

Unit 5 consists of many small pillows or thin flows of
sparsely to moderately phyric plagioclase-olivine basalt,
with accessory chromite phenocrysts but no clinopy-
roxene phenocrysts and very few vesicles. Spinel (pico-
tite) phenocrysts up to 0.3 mm occur as megacrysts of
plagioclase and as isolated crystals in the groundmass.
There are 1 to 2 grains of spinel per thin section, and in
one thin section there are 4 grains. Plagioclase pheno-
crysts are up to 3 mm in length and make up 5 to 10% of
the rock. Olivine, usually altered to pale clay minerals,
is up to 1.5 mm in size and is 1 t6 2% of the rock. The
groundmass ranges from glassy, through spherulitic, to
holocrystalline aggregates of acicular radiating plagio-
clase microlites intergrown with dendritic clinopyroxene
and skeletal titanomagnetite. Three partly altered glassy
margins were recovered. Alteration in this unit is pri-
marily to green clays, with only rare occurrences of red-
dish clays and iron hydroxides.

Unit 6 (Core 15, Section 4-Core 17, Section 2;
Basalt Type 1)

Unit 6 is a thick flow of the same type of basalt as in
Unit 5. The central part of the flow is holocrystalline,
sparsely phyric dolerite with the same percentage of pla-
gioclase, olivine, and spinel phenocrysts as in Unit 5.
The groundmass is medium grained and consists of pla-
gioclase (~45%), clinopyroxene (~40%), altered oliv-
ine (~7-10%), and titanomagnetite (~ 5-7%). Altera-
tion is similar to that present in Unit 5. Almost colorless
smectite replaces olivine. Green clay minerals, Fe-hy-
droxides, and calcite are rare in the olivine pseudo-
morphs, but calcite and clays typically fill cracks.

Unit 7 (Core 17, Section 2; Basalt Type 1)

Unit 7 is made up of sparsely plagioclase-olivine phy-
ric basalt and is completely analogous to Unit 5. The en-
tire sequence of basalts from Units 5 to 7 may represent
an eruptive cycle: pillows, flow, and more pillows, cor-
responding to the onset, waxing, and waning of the rate
of eruption.

Unit 8 (Core 17, Section 3-Core 18, Section 2;
Basalt Type 4)

Unit 8 is made up of moderately phyric pillow basalt,
with 10 to 15% plagioclase phenocrysts, megacrysts,
and glomerocrysts; 1 to 2% clinopyroxene phenocrysts;
and 1 to 2% olivine phenocrysts. The phenocrysts reach
3 mm in size. Vesicles are almost completely absent. The
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basalts are very fine grained to spherulitic. Alteration is
weak to moderate. Some olivine phenocrysts are still
fresh. Olive green smectite is the predominant second-
ary mineral, lining cracks and replacing olivine. Clays,
calcite, and (rarely) aragonite line the cracks.

Unit 9 (Core 18, Section 2; Basalt Type 2)

Unit 9 is a 1.1-meter cooling unit of substantially
aphyric basalt. The glassy rind at the top of the cooling
unit was recovered, and it contained a few phenocrysts
of plagioclase and clinopyroxene up to 2 mm in size.
Elsewhere, the microphenocrysts amounted to less than
1 to 2% of the rock. Chemically, this basalt may simply
be an aphyric equivalent of the two more porphyritic
basalt types above and below it.

Unit 10 (Core 18, Section 2-Core 19, Section 3;
Basalt Type 3)

Unit 10 is moderately plagioclase-clinopyroxene-oliv-
ine phyric basalt; it is analogous to Unit 9 and perhaps
equivalent to it chemically. Most rocks are very fine
grained to spherulitic. Others are coarser (microdoler-
itic). Four glassy margins were recovered. Alteration is
strong at the glassy margins to the extent that several
pieces have interpillow hyaloclastite breccias cemented
to them by alteration minerals. Glass and the olivine in
or near the glass are completely replaced by clays. The
unit consists of pillows or thin flows.

Unit 11 (Core 20; Basalt Type 3)

Unit 11 is equivalent to Unit 10 (and is very similar to
Unit 8) in terms of mineralogy, petrography, and altera-
tion. Glassy margins are strongly altered to olive green
smectites and, more rarely, brown celadonite. Six glassy
margins were recovered. Other grain-size transitions plus
the glass margins indicate that at least 10 cooling units
were partially or completely recovered. The distinction
between this unit and the one immediately above is based
entirely on the occurrence in this unit of two fairly large
pillows or thin flows, almost completely recovered, both
between 0.75 and 1 meter thick.

Holes 504A and 504B, Leg 69

During Legs 69 and 70 basement was drilled and re-
covered from Holes 504A and 504B. Using as criteria
phenocryst assemblages, position in the hole, occur-
rence of cooling units, and rock texture, we divided the
basalts of Hole 504B into 49 lithologic units. The base-
ment of Hole 504A, using the same criteria, is formed of
a single unit. Several of the units in Hole 504B have
been subdivided into subunits according to their main
textural features. In this section, we describe the litho-
logic units and subunits in the order encountered during
drilling. Information on the intervals and depths of the
units and subunits in Hole 504B is given in Table 6.
Figure 4 gives a schematic representation of the litho-
logic units and shows the correlations in basement litho-
stratigraphy between Holes 501, 504A, and 504B. Five
petrographic types were recognized on the basis of
phenocrysts in hand samples visible with a hand lens
(~10x): Type 1, plagioclase-olivine phyric basalt with
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Table 6. Basement lithostratigraphy, Hole 504B.

) Unit Position of
__Depthof Base of Unit (m) _  yjy. __ Baseof Unit
Basalt Below Sub- Sub- ness Sec-  Level
Unit Type  Rig Floor bottom  basement (m) Core tion (cm)

(Seafloor) - 3473.5 0 — — - —_ —

(Top of

basement) | — 460 2745 — = = = =

1 2 37535 280.0 55 5.5 4 | 20
2A 1 3776.0 302.5 28.0 25 6 2 2
2B 1 3780.0 306.5 320 4.0 6 2 147
2C 1 3786.5 313.0 38.5 6.5 7 3 92
2D 1 3799.8 326.3 51.8 13.3 9 I T
A 2 3B41.8 368.3 918 42.0 13 4 92
iB 2 3846.7 mn2 98.7 4.9 14 2 10
ic 2 3861.6 388.1 113.8 12.9 16 3 112
4 1 3871.8 398.3 723.8 10.2 18 | 97
5 2 3881.2 407.7 132.1 9.4 19 2 ]
6 3 38818 408.3 133.7 0.6 19 2 45
T 1 3gB2.1 408.6 134.0 0.3 19 2 80
8 3 IR88.4 414.9 140.3 6.3 20 1 48
9 2 3897.0 423.5 149.0 8.6 21 2 4
10 3 IR98.8 4253 150.8 1.8 21 3 28
11 2 3500.9 427.4 152.9 2.1 21 4 38
12 3 3901.2 427.7 153.2 0.3 21 4 58
13 2 3901.7 428.2 151.7 0.5 21 4 o8
14 3 3903.0 429.5 155.0 1.3 21 5 47
15 2 3903.2 429.7 155.2 0.2 27 5 64
16 3 19294 455.9 181.4 26.6 24 3 113
17 2 39454 471.9 197.4 16.0 27 1 125
18 1 3949.0 475.5 201.0 36 28 1 12
19 3 3957.5 434.0 209.5 B.5 28 5 25
20 1 3962.5 489.0 214.5 5.0 29 2 15
(No recovery 3962.5-3981.0 m below)

‘J,f’.f fﬂ - 39810 S07.5 2330 — - = -
21 4 3981.9 510.4 2359 29 12 2 112
22 3 3999.4 525.9 251.4 15.5 34 | 43
23A | 4001.8 528.3 253.8 2.4 34 I 122
238 I 4009.6 536.1 261.6 7.8 15 | 70
24 3 4026.0 552.5 278.0 16.4 7 1 2
25 | 4045.0 5715 297.0 19.0 9 | 93
26 2 4046.0 572.5 298.0 1.0 39 2 37
n 3 4062.0 588.5 314.0 16.0 41 4 60
28 5 4085.5 612.0 337.5 9.5 44 1 94
29A 3 4086.0 612.5 338.0 0.5 44 1 132
298 3 4093.5 620.0 3455 1.5 45 1 2
29C 3 4094.7 621.2 346.7 1.2 45 2 48
30A 2 4113.3 639.8 365.3 8.6 47 2 32
308 2 4113.7 640.2 365.7 0.4 47 2 73
nC 2 4121.2 6477 in.z 1.5 48 1 68
i Breccia 4121.8 648.3 3738 0.6 48 1 135
32 3 4123.0 649.5 375.0 1.2 48 2 110
33A £ 4129.5 656.0 815 6.5 49 1 2
3B 3 4142.5 669.0 394.5 13.0 50 1 36
34 3 4165.5 692.0 417.5 23.0 54 1 2
35 2 4166.2 692.7 418.2 0.7 54 1 72
6 3 4188.7 715.2 440.7 22.5 57 1 76
37 2 4197.8 724.3 4498 9.1 58 1 7
38 X 4206.0 732.5 458.0 9.5 59 1 2
39 2 4224.0 750.5 476.0 2.8 61 | 2
40 2 4245.1 T71.6 497.0 21.1 63 4 14
41 2 42459 772.4 497.9 0.8 63 4 9
42 3 42479 T74.4 499.9 2.0 64 1 140
43 2 4250.3 776.8 502.3 2.4 64 3 B6
a“ 3 4251.7 778.2 503.7 1.4 64 4 83
45 k] 4266.5 793.0 518.5 14.8 66 2 51
46 2 4273.8 B0O.3 525.8 723 a7 | 25
47 2 4292.5 B19.0 544.5 18.7 69 | 106
48 2 4301.7 B28.2 553.7 9.2 70 I 120
49 3 4302.4 B28.9 554.4 0.7 T0 2 40

essential chromite; Type 2, aphyric and sparsely phyric
basalts with variable proportions and occurrences of
phenocrysts; Type 3, plagioclase-olivine-clinopyroxene
phyric basalt; Type 4, highly plagioclase-olivine-clino-
pyroxene phyric basalt; and Type 5, moderately plagio-
clase-olivine phyric basalt lacking clinopyroxene and
chromite. These types are indicated in Figure 4.
Basement was drilled in Hole 504A for a little over 12
meters, but only ~ 5.5 meters were recovered. The recov-
ered rock represents a sequence of pillows and thin mas-
sive flows of sparsely phyric, plagioclase-olivine-clino-
pyroxene basalt. Plagioclase phenocrysts are predomi-
nant both in size (up to 3 mm) and quantity (about 7%).
Olivine and augite phenocrysts are a little smaller and
form about 2 and 1% of the rock, respectively. The rock
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is holocrystalline in the interiors with ophitic or sub-
ophitic texture, and variolitic or glassy in the cooling
selvages. Vesicles are small and sparse (<1 mm and
1%). They are filled with green or brown clay minerals.
The basalt is moderately altered. All olivine is converted
into clay minerals or carbonate. Cracks are filled with
these minerals too. Poor recovery did not permit the
subdivision of the petrographically uniform basement
of Hole 504A into individual pillow and flow units.

The following material describes the 49 lithologic units
in Hole 504B.

Unit 1 (274.5-280.0 m below seafloor [mbsf];
Basalt Type 2)

Unit 1 is sparsely phyric plagioclase-olivine-augite
basalt. Thin, massive flows seem to be predominant, at
least in the recovered material. Phenocrysts of plagio-
clase olivine and augite are small (<3 mm). Plagioclase
is more abundant than olivine and augite. Phenocryst
content is 5 to 10%. The augite forms glomerocrysts
with plagioclase. Olivine occurs as euhedral grains. Ves-
icles (1-mm diameter; ~ 1% of rock) are round and
filled with clay minerals. The groundmass is subophitic
and partly spherulitic. Recovered glassy margins are
flat. Alteration is moderate and rather uniform. Clay
minerals completely replace olivine and fill cracks. Oxi-
dation is rather weak, Some cracks are filled with yellow
and red clay minerals.

Unit 2 (280.0-326.3 mbsf; Basalt Type 1)

Unit 2 is accessory-chromite-bearing moderately phy-
ric pillow and massive flow basalts. We subdivided the
unit into four subunits using structural and textural fea-
tures.

Subunit 2A (280.0-302.5 mbsf)

Subunit 2A is a sequence of pillows and massive flows
of moderately phyric basalts. The rocks are 7 to 10%
euhedral and subhedral glomerocrysts and phenocrysts
of plagioclase 4 to 6 mm across. Euhedral and occasion-
ally subhedral or skeletal olivine phenocrysts up to 4
mm in size are almost completely altered to green or red
clay minerals and locally to calcite. They form 2 to 3%
of the rock. Euhedral or skeletal chromite phenocrysts
0.05 to 0.8 mm in size occur in the groundmass and are
included in phenocrysts of plagioclase and olivine. Usu-
ally there are several grains of chromite per thin section.

Small (< 0.5 mm), round vesicles are about 0.5% of
the rock or are absent. Groundmass texture varies from
glassy and variolitic at cooling selvages to interstitial
and ophitic in interiors. Glassy pillow margins were re-
covered in 34 samples. Cracks are filled with green and
red clay minerals and occasionally with calcite.

Subunit 2B (302.5-306.5 mbsf)

Subunit 2B is a cooling unit. The upper and the lower
margins were recovered. Petrographically the rock is the
same as that in Subunit 2A, but two intervals of fine-
grained aphyric rock are positioned symmetrically in the
unit. The intervals are succeeded by rather distinct, sharp
transitions to the phyric rocks. In structure, the subunit
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Figure 4. Summary of basement lithology at Sites 501 and 504.
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is as follows: (1) upper glassy margin plus crystalline ba-
salt, moderately plagioclase-olivine phyric—7 cm recov-
ered; (2) aphyric (microphyric) fine-grained basalt—33
cm recovered; (3) moderately phyric plagioclase-olivine
basalt of a cooling-unit interior—more than 70 cm re-
covered; (4) aphyric to microphyric fine-grained basalt—
40 cm recovered; (5) moderately phyric plagioclase-oliv-
ine basalt with a lower glassy margin—20 cm recovered.
These rocks include intervals which are microphy-
ric fine-grained basalt with microlites of plagioclase, a
spherulitic groundmass, and sparse chrome-spinel crys-
tals. These ““aphyric’’ intervals are possibly thin dykes
or injections into solid but hot massive flow interiors.

Subunit 2C (306.5-313.0 mbsf)

Subunit 2C is a sequence of massive flows and pil-
lows. Petrographically it is similar to the basalts of Sub-
unit 2A, but thin flows appear to be predominant. Glassy
margins were recovered from 18 samples; 12 of them are
flat.

Subunit 2D (313.0-326.3 mbsf)

Subunit 2D is a sequence of sparsely to moderately
phyric basalt flows. Phenocryst content varies from 5 to
10% of the rock. There is three times as much plagio-
clase as olivine. The phenocrysts are mostly euhedral, but
there are a few skeletal olivine phenocrysts and plagio-
clase glomerocrysts. The groundmass is variolitic near
the cooling selvages, but deeper into the flows it consists
of plagioclase microlites in a spherulitic mesostasis. The
flow interiors are rather coarse grained and are ophitic
in texture. The phenocrysts in the coarse interiors are
two to three times as large as those of the grains in the
groundmass. Because of this the rock looks aphyric meg-
ascopically. Vesicles are generally absent, but in thin
section small cavities can occasionally be seen. Subunit
2D appears to consist of two massive flows; their junc-
tion is in Core 8, Section 1, as seen by a glassy margin
and associated grain-size changes.

Unit 3 (326.3-388.1 mbsf; Basalt Type 2)

Unit 3 is a sequence of sparsely phyric (megascopical-
ly aphyric) plagioclase-olivine basalt pillows and mas-
sive flows, with rare augite phenocrysts. Plagioclase phe-
nocrysts are 2 to 3 times as common as those of olivine.
Clinopyroxene phenocrysts (3 to 7 per thin section) are
generally smaller. Olivine and a few plagioclase pheno-
crysts are euhedral. Most of the plagioclase and augite
forms glomerocrysts. The groundmass varies from glassy
to ophitic, depending on its position on cooling units.
Alteration is weak to moderate. Pillows predominate in
the upper part of the unit; massive flows, toward its base.
We have divided the unit into three subunits.

Subunit 34 (326.3-368.3 mbsf)

Subunit 3A is a sequence of pillows and massive flows.
A number of glassy margins were recovered; most were
pillow selvages. In Core 10, Section 1, highly fractured
and brecciated rocks (18 cm) were recovered. Calcite oc-
curs in cracks in the upper part of the subunit, whereas
red clays and oxidation zones predominate at the base.
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There are thicker flows or pillows in the lower part of
the subunit.

Subunit 3B (368.3-373.2 mbsf)

Subunit 3B is a pillow and thin flow sequence com-
posed of plagioclase-olivine phyric basalt. Augite and
chromite phenocrysts are absent. Glassy margins were
recovered from six specimens. Green and red clay min-
erals replace olivine and fill cracks.

Subunit 3C (372.0-388.1 mbsf)

Subunit 3C is a sequence of pillows and flows similar
to Subunit 3A. Glassy margins (mostly pillow) were re-
covered in 19 samples. Alteration is moderate, Green or
red clay minerals replace olivine and fill cracks. Calcite
is rare or absent.

Unit 4 (388.1-398.3 mbsf; Basalt Type 1)

Unit 4 is a sequence of pillows and flows of moder-
ately to sparsely phyric plagioclase-olivine basalt with
accessory chromite. Phenocrysts of augite are absent.
Petrographically, the unit is similar to Unit 2.

These basalts contain euhedral plagioclase phenocrysts
and glomerocrysts. The size of the phenocrysts can dif-
fer from rock to rock, varying from 2 to 3 mm at one to
4 to 7 mm at another. The phenocryst concentration is 7
to 10%. Euhedral or skeletal olivine up to 3 to 4 mm
forms about 3% of the rock. Chromite can be euhedral
or skeletal, with a grain size of 0.1 to 0.7 mm. There are
several grains per thin section. The groundmass is glassy
or variolitic at cooling selvages and interstitial to ophitic
in flow interiors, Glassy margins were recovered in 18
samples. They are mostly flat. Pillows are predominant
in the upper part of the unit. Alteration is moderate,
with red and green clay minerals filling cracks and re-
placing olivine. Calcite in veins and olivine pseudo-
morphs is more rare.

Unit 5 (398.3-407.7 mbsf; Basalt Type 2)

Unit 5 is a sequence of pillows and thin massive flows
of sparsely phyric, plagioclase-olivine basalt. Pheno-
crysts of plagioclase and olivine, 2 to 4 mm in size, are
mostly euhedral. They constitute 5 to 7% and 2 to 3%
of the rocks, respectively. Augite phenocrysts are ab-
sent. Fine euhedral chromite crystals were found in one
of the thin sections. The groundmass consists of plagio-
clase microlites and spherulitic mesostasis near cooling
selvages. In holocrystalline interiors the groundmass is
ophitic. Vesicles up to 1 mm in diameter constitute ~ 1%
of the rocks and occur mainly in the upper part of the
unit. Alteration is moderate. Secondary minerals are
green and red clay, and Fe-hydroxides replace olivine
and fill cracks and vesicles. Calcite is almost absent.
Massive flows appear to be predominant, at least at the
base of the unit. Only one glassy (pillow) margin was re-
covered.

Unit 6 (407.7-408.3 mbsf; Basalt Type 3)

Unit 6 is moderately phyric plagioclase-olivine-au-
gite basalt. The phenocryst content is about 7% plagio-
clase, 3% olivine, and 1% clinopyroxene. The ground-



mass is holocrystalline and microlitic. Vesicles are ab-
sent. A breccia with fragments of this rock and green
smectite cement was recovered from the central part of
the unit. Smectite also forms olivine pseudomorphs and
fills cracks.

Unit 7 (408.3-408.6 mbsf; Basalt Type 1)

Unit 7 is fine-grained, sparsely phyric (microphyric)
basalt with small phenocrysts of plagioclase, olivine, and
accessory chromite. The rock is petrographically similar
to Unit 5 and may be a dike.

Unit 8 (408.6-414.9 mbsf; Basalt Type 3)

Unit 8 is a moderately phyric plagioclase-olivine-
augite basalt which appears to be a continuation of the
basalts of Unit 6 crossed by the basalt dike(?) of Unit 7.
This unit is mainly a pillow sequence: six specimens of
glassy pillow margins were recovered from it.

Unit 9 (414.9-423.5 mbsf; Basalt Type 2)

Unit 9 is an aphyric (microphyric) basalt flow. Pla-
gioclase phenocrysts (about 5%) are euhedral or form
glomerocrysts; grain size is 2 to 3 mm. The rock is holo-
crystalline with ophitic texture. Cooling selvages were
not recovered. Almost all of the samples recovered dem-
onstrate oxidation zonality in secondary clay minerals.
In addition, calcite occurs in the central parts of the
crack fillings.

Unit 10 (423.5-425.3 mbsf; Basalt Type 3)

Unit 10 is moderately phyric basalt, with plagioclase,
augite, and olivine phenocrysts. The grain size of the
phenocrysts is 3 to 5 mm. The plagioclase and augite are
mainly in glomerocrysts, and the olivine is in single eu-
hedral grains. The plagioclase and clinopyroxene phe-
nocrysts contents are approximately 5% each; olivine is
3%. The groundmass is mainly variolitic, with about
10% plagioclase microlites. The unit represents a thin
flow or a dike with the lower glassy margin recovered.
The rock is highly fractured. Alteration is moderate.
Green smectite is the principal secondary mineral.

Unit 11 (425.3-427.4 mbsf; Basalt Type 2)

Unit 11 is an almost aphyric (sparsely microphyric)
plagioclase-olivine basalt flow. Sparse phenocrysts of
plagioclase (about 5%) and olivine (< 1%) range in size
up to 3 and 2 mm, respectively. The texture of the
groundmass varies from variolitic to ophitic. Alteration
is locally rather strong. Dark gray smectite, a red clay
mineral, and iron hydroxide partly replace the variolitic
groundmass. The rock is highly fractured. Cooling sel-
vages were not recovered.

Unit 12 (427.4-427.7 mbsf; Basalt Type 3)

The type of rock in Unit 12 is the same as that in Unit
10: moderately phyric basalt with phenocrysts of plagio-
clase, augite, and olivine,

Unit 13 (427.7-428.2 mbsf; Basalt Type 2)

Unit 13 is an almost aphyric pillow basalt, with small
plagioclase and olivine phenocrysts (2-3 mm). The phe-
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nocryst content is about 5% plagioclase and 2 to 3%
olivine. The groundmass is glassy, variolitic, or micro-
litic, with a spherulitic mesostasis. Glassy margins were
recovered in four specimens, but they may have come
from a single pillow. The rock is rather fresh, with green
smectite replacing olivine and filling cracks. Petro-
graphically the rock is similar to Units 9 and 11.

Unit 14 (428.2-429.5 mbsf; Basalt Type 3)

Unit 14 is moderately phyric basalt with phenocrysts
of plagioclase (about 5%), augite (about 5%), and oliv-
ine (about 3%). Petrographically the rock is the same as
that in Units 10 and 12 (Type 3). The unit appears to
represent flows. Three recovered glassy margins are flat.
The rock is rather fresh. Olivine is partly altered to
smectite and calcite.

Unit 15 (429.5-429.7 mbsf; Basalt Type 2)

Unit 15 is a thin interval (possibly a dike) of fine-
grained megascopically aphyric basalt. Microphenocrysts
of plagioclase and olivine (5-7% and 2-3%, respective-
ly) are mainly euhedral. The grain size for both is 0.5 to
1.5 mm. Accessory-chromite grains are much smaller
(~0.1 mm). The groundmass is microlitic (plagioclase),
with a spherulitic mesostasis. Petrographically the unit
is similar to Unit 7.

Unit 16 (429.7-455.9 mbsf; Basalt Type 3)

Unit 16 is a pillow and possibly massive flow sequence
of moderately phyric, plagioclase-olivine-augite basalts.
Petrographically the rock is similar to that in Units 10
and 12. The phenocryst grain size is 2 to 5 mm. Most of
the phenocrysts are euhedral, but the augite phenocrysts
in the upper part of the unit are a little rounded and
usually twinned. The augite in the lower part of the unit,
where it is a little more abundant, forms euhedral phe-
nocrysts and glomerocrysts with and without plagio-
clase. The average abundance of augite phenocrysts is 1
to 2%; of plagioclase phenocrysts, 10%; and of olivine
phenocrysts, 3 to 4%. The groundmass is mainly vario-
litic, with 10 to 15% of plagioclase microliths. Vesicles
are almost absent. Glassy pillow margins were recovered
in 33 samples. The rock is fractured, pillows usually
strongly so. Alteration (clay minerals) is moderate.

Unit 17 (455.9-471.9 mbsf; Basalt Type 2)

Unit 17 is a massive flow sequence of megascopically
aphyric (microphyric) plagioclase-clinopyroxene-olivine
basalts. Microphenocrysts of these minerals reach 2 mm
in size. The rock is about 4% plagioclase (mainly glo-
merocrysts), 3% augite (glomerocrysts), and 1% olivine
(euhedral). Vesicles are almost absent. The groundmass
is glassy or variolitic, with some plagioclase microlites
near cooling selvages, and it is ophitic in flow interiors.
Ten glassy margins were recovered, several of them flat.
Alteration is moderate and locally strong. Bright green
and red clay minerals are rather abundant.

Unit 18 (471.9-475.5 mbsf; Basait Type 1)

Unit 18 is sparsely phyric plagioclase-olivine basalt
(possibly a dike) with accessory chromite. The rock is
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petrographically similar to Units 2 and 4. Phenocryst
size is 2 to 5 mm (~ 7% plagioclase, 2-3% olivine). The
groundmass is microlitic with a spherulitic mesostasis.
The rock is moderately altered. Secondary minerals
(green and red clay) replace olivine completely or partly
and fill cracks. Only one glassy margin was recovered; it
was at the very end of the unit.

Unit 19 (475.5-484.0 mbsf; Basalt Type 3)

Unit 19 is a sequence of pillows and flows of sparsely
phyric basalts. Plagioclase, olivine, and augite pheno-
crysts are euhedral, subhedral, and anhedral (in glomer-
ocrysts). The content and grain size of plagioclase are 5
to 7% and 3 to 5 mm; of olivine, 3% and 2 to 4 mm; and
of augite, 1% (in the upper part of the unit) to 3% (at its
end) and 2 to 3 mm. The groundmass is glassy or vario-
litic at cooling selvages and coarse grained and ophitic
in interiors of cooling units. Glassy margins were recov-
ered in 8 specimens. They are flat or curved. The rock is
highly fractured and locally brecciated. Alteration is
moderate. Red and green clay minerals fill cracks and
replace olivine. The red mineral is predominant in the
upper part of the unit. Calcite occurs here as well.

Unit 20 (484.0-489.0 mbsf; Basalt Type 2)

Unit 20 consists of aphyric holocrystalline basalt.
Sparse plagioclase and olivine phenocrysts (about 1%)
are mostly euhedral. Their size (2-4 mm) is only 2 to 3
times as high as the grain size of the groundmass. The
texture is ophitic. The rock is fractured and brecciated.
Breccia samples were recovered from the upper part of
the unit. They consist of aphyric basalt fragments and
green smectite cement.

Hole 504B, Leg 70

Twenty-nine lithologic units were defined for the 347
meters of basement cored in Hole 504B during Leg 70,
bringing the total number of lithologic units to 49. Be-
cause of the sometimes poor recovery (average recovery
was 26.4%, with less than 10% in five cores and 10-
20% in 11 others), it was sometimes difficult to deter-
mine the proper location for the boundary between dif-
ferent units. Further, the lithologic units do not neces-
sarily correspond to the geochemistry of the basalt;
rather, they represent a tentative division that reflects
the recovered material. There was a break in recovery
between the portions of the hole cored on Legs 69 and
70 corresponding to Cores 30 and 31 (see Operations).

Unit 21 (507.5-510.4 mbsf; Basalt Type 4)

Unit 21 consists of several thin lava flows separated
by glassy rims on the top or bottom of oriented rock
pieces. The flows are spinel-bearing, highly olivine-pla-
gioclase-clinopyroxene phyric basalts. They are me-
dium grained and display subglomerophyric textures.
The phenocryst content is high (greater than 40%); the
proportions among the various kinds of phenocrysts are
variable. The phenocrysts vary in size, with those of
olivine less than 4 mm, those of plagioclase less than 3
mm, and those of clinopyroxene less than 5 mm. Plagio-
clase and clinopyroxene are subhedral to anhedral and
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often intergrown; olivine is euhedral. The groundmass
exhibits mature sheaf textures and is variolitic in glassy
margins. The basalts are partly fractured, and the frac-
tures are filled with smectites and Fe-oxides. Thus, al-
teration is oxidative. Olivine is replaced by smectite and
hematite.

Unit 22 (510.4-525.9 mbsf; Basalt Type 3)

Unit 22 consists of two flows which are separated at
517.5 meters by a possible dike. The basalt flows are
fine- to medium-grained, highly plagioclase-olivine phy-
ric basalts. Euhedral olivine crystals are up to 1.2 mm
in size, euhedral plagioclase laths less than 1.2 mm in
length. Rock texture ranges from hyalo-ophitic to ophi-
tic. The appearance of the rock is massive; alteration is
moderate and appears to be oxidative. Olivine is com-
pletely replaced by iron hydroxides and clay minerals.

The dike consists of fine-grained variolitic basalt, with
glassy rims on the sides of oriented rock pieces.

Unit 23 (525.9-536.1 mbsf, Basalt Type 1)

Unit 23 is divided into Subunits 23A and 23B. It is
made up of pillows and thin flows.

Subunit 234 (525.9-528.3 mbsf)

In Subunit 23A glassy margins are abundant, and
they occur at the top, bottom, or sides of many rock
pieces. The basalts are spinel bearing and highly plagio-
clase-olivine phyric. They display a medium-grained,
hyalo-ophitic texture. Fine-grained rocks with glassy to
variolitic texture occur near and next to the glassy mar-
gins. Olivine is euhedral (less than 0.8 mm) and partly
replaced by smectite. Subhedral plagioclase laths are up
to 1.2 mm in length. The groundmass shows a mature
sheaf texture and is partly replaced by iron hydroxides.
The alteration is oxidative.

Subunit 23B (528.3-536.1 mbsf)

Subunit 23B is similar to Subunit 23A in that it con-
sists of pillows and thin flows; it is distinguished from
the former because of its finer grain size. Subunit 23B is
only aphyric to sparsely phyric. The rocks are more al-
tered than those in Subunit 23A.

Unit 24 (536.1-552.5 mbsf; Basalt Type 3)

Unit 24 is a massive flow made up of sparsely to mod-
erately plagioclase-clinopyroxene-olivine phyric basalt.
The phenocrysts are subhedral plagioclase laths (less
than 1.5 mm in length), subhedral clinopyroxene (<0.5
mm), and euhedral to subhedral olivine (<0.25 mm).
The texture is subophitic to intersertal and medium to
coarse grained. Alteration is only slight and oxidative.
Pyrite occurs as veinlets and scattered grains.

Unit 25 (552.5-571.5 mbsf; Basalt Type 1)

Unit 25 is a sequence of highly fractured pillows and
flows. Numerous glassy margins occur at the top, bot-
tom, and sides of oriented samples. Flow breccia occurs
near the top and bottom of the unit. The basalt is fine to
medium grained, sparsely to moderately plagioclase-
olivine-clinopyroxene phyric. Accessory spinel occurs



in one sample near the bottom of the sequence (Piece
462). The rock texture is hyalo-ophitic to slightly inter-
sertal. The groundmass has immature and mature sheaf
texture. Olivine is euhedral (< 1.7 mm) and totally re-
placed by smectite. Subhedral or euhedral plagioclase
laths (< 1.1 mm) and anhedral to subhedral clinopyrox-
enes are often gathered in clusters. The alteration is oxi-
dative.

Unit 26 (571.5-572.5 mbsf; Basalt Type 2)

Unit 26 is massive basalt with a flow breccia at the
top. It is medium grained, sparsely plagioclase-olivine
phyric basalt, intersertal in texture, with anhedral oliv-
ine phenocrysts greater than 0.35 mm and blocky pla-
gioclase phenocrysts greater than 1 mm. Smectites re-
place olivine and glass.

Unit 27 (572.5-588.5 mbsf; Basalt Type 3)

Unit 27 is a massive flow with a grain size that chang-
es from fine (at the top and bottom) to medium to coarse
(towards the center). It is made up of moderately plagio-
clase-olivine-clinopyroxene phyric basalt. Euhedral oliv-
ine (less than 1.5 mm) and some zoned subhedral plagio-
clase laths (less than 2.5 mm) are always present, but sub-
hedral to anhedral, sometimes twinned clinopyroxene
(less than 1 mm) is only present in some of the thin sec-
tions. The rock texture is ophitic to intersertal. Altera-
tion is either nonoxidative or a slightly oxidative. Pyrite
is common at the bottom of the unit.

Unit 28 (588.5-612.0 mbsf; Basalt Type 5)

Unit 28 consists of fine- to medium-grained, sparsely
to moderately plagioclase-clinopyroxene phyric basalt
flows. Subhedral plagioclase laths are less than 1.2 mm
in length, clinopyroxene is anhedral to euhedral (less
than 1 mm). Glassy margins occur at the top, bottom,
and center of pieces; breccia occurs at the top and cen-
ter. Oxidative alteration occurs at the top and bottom of
this unit, as shown by the presence of iron hydroxides.

Unit 29 (612.0-621.2 mbsf; Basalt Type 3)

Unit 29 is made up of highly fractured pillows and
flows, with small glomerophyric flows at the top and
bottom. We have divided the unit into three subunits.

Subunit 294 (612.0-612.5 mbsf)

Subunit 29A is a small subunit of fine- to medium-
grained glomerophyric basalt. Green clinopyroxene can
be observed in hand specimen. Small cracks are coated
with smectites.

Subunit 29B (612.5-620.0 mbsf)

Subunit 29B consists of pillows and thin flows with
breccias and glassy margins. The basalt is fine to medi-
um grained, moderately plagioclase-clinopyroxene-oliv-
ine phyric, and has hyalopilitic textures. Euhedral oliv-
ine (<0.6 mm) is replaced by smectite. There are also
plagioclase laths (< 0.9 mm) and subhedral clinopyrox-
enes (<0.8 mm). The groundmass has a mature sheaf
texture and is partly replaced by smectites. Pyrite occurs
in veins. Some of the alteration was nonoxidative; a
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slightly oxidative stage followed by the formation of py-
rite was also in evidence.

Subunit 29C (620.0-621.2 mbsf)

Subunit 29C is a small glomerophyric basalt flow.
Green clinopyroxene occurs in hand specimen. Small
cracks are coated with smectites.

Unit 30 (621.2-647.7 mbsf; Basalt Type 2)

Unit 30 is made up of pillows and flows which are
highly fractured in some parts. We have divided the unit
into three subunits.

Subunit 304 (621.2-639.8 mbsf)

Subunit 30A is a sequence of pillows and flows. Brec-
cias and glassy rims are common in the upper part of the
subunit. Two flows are separated by glassy margins in
the lower part. The basalts are medium grained, moder-
ately plagioclase-olivine—clinopyroxene phyric, and con-
tain accessory spinel. They are hyalo-ophitic. Subhedral
olivine (<0.6 mm) is completely replaced by smectite.
Plagioclase forms subhedral to euhedral zoned laths
(< 1.5 m); clinopyroxene is subhedral and sometimes
twinned (< 1.5 mm). The groundmass exhibits mature
to immature sheaf texture and is partly replaced by smec-
tite. Numerous fractures are filled with green smectite;
pyrite occurs as small patches (<0.5 mm) in some of the
fractures. The alteration was nonoxidative.

Subunit 30B (639.8-640.2 mbsf)

Subunit 30B is a poorly recovered rubble of thin flows.
The basalts are highly plagioclase-clinopyroxene-oliv-
ine phyric, with glassy margins on every piece. They are
fine grained, displaying subglomerophyric and subvari-
olitic textures. The glassy rims are completely altered to
green smectite. Olivine is replaced by smectite.

Subunit 30C (640.2-647.7 mbsf)

In the upper half of Subunit 30C there is a highly pla-
gioclase-clinopyroxene-olivine phyric basalt flow, and
in the lower half there is a sparsely plagioclase-clinopy-
roxene-olivine phyric basalt flow. The rock is highly
fractured in the upper part and slightly to moderately
fractured in the lower part. The basalt is medium
grained, displaying subglomerophyric texture with in-
tersertal groundmass in the upper flow; in the lower
flow it is hyalopilitic with intersertal groundmass. Pla-
gioclase (< 1.6 mm) forms subhedral laths, and clinopy-
roxene is euhedral (< 1.6 mm). Euhedral olivine (<0.3
mm) is completely replaced by smectite. The fractures
are filled with green smectite and abundant pyrite. The
alteration is nonoxidative.

Unit 31 (647.7-648.3 mbsf; breccia)

Unit 31 is made up of basalt breccia. The breccia con-
sists of angular to subangular basalt fragments 1 mm to
1 cm in diameter in a matrix of green smectite.

Unit 32 (648.3-649.5 mbsf; Basalt Type 3)

Unit 32 is a massive basalt flow made up of fine-
grained, sparsely to moderately plagioclase-clinopyrox-
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ene-olivine phyric basalt. It has hyalo-ophitic texture
with mature sheafs in the groundmass. Subhedral pla-
gioclase (< 0.9 mm) and clinopyroxene (< 1.3 mm) phe-
nocrysts have rounded corners. Alteration consists of
the incomplete replacement of olivine by smectite and
the filling of fractures with green smectite and pyrite. It
is nonoxidative.

Unit 33 (649.5-669.0 mbsf; Basalt Type 3)

Unit 33 is a unit of pillows and flows with numerous
glassy margins. The unit consists of two subunits.

Subunit 334 (649.5-656.0 mbsf)

Subunit 33A is a pillow sequence, with possibly one
small flow in the middle of the unit. Glassy margins oc-
cur at the top, bottom, and sides of oriented rock pieces.
The basalt is fine to medium grained, aphyric to plagio-
clase-clinopyroxene-olivine phyric with hyalo-ophitic to
variolitic texture. Blocky plagioclase phenocrysts (< 1.5
mm) are most common. Clinopyroxene phenocrysts
(rare, <1.5 mm) are also blocky. Euhedral olivine (rare,
< 0.2 mm) is replaced by smectite. The alteration is ox-
idative in the upper part, as indicated by the presence of
Fe-oxides, and nonoxidative in the lower part. The frac-
tures are filled with green smectite and minor zeolite. In
addition, pyrite occurs in the lower part.

Subunit 33B (656.0-669.0 mbsf)

In terms of petrology, Subunit 33B is very similar to
Subunit 33A, but the basalts are more or less brecciated.
Smectite and pyrite occur as fracture fillings; therefore
the alteration is mostly nonoxidative. It is oxidative at
the bottom of the unit, as indicated by the presence of
Fe-oxides.

Unit 34 (669.0~692.0 mbsf)

Unit 34 is massive, coarse-grained ophitic basalt, with
a glassy margin on the top. Plagioclase forms subhedral
laths (0.03-1.5 mm), and clinopyroxene is anhedral
(0.08-1.2 mm). Euhedral olivine (0.08-0.7 mm) is com-
pletely replaced by green smectite. Glass amounts to up
to 10% of the interior of the flow; it is completely re-
placed by smectite. Skeletal magnetite (0.04 mm) occurs
in this glassy area. The texture is ophitic to intersertal.
Veins are filled with smectite and pyrite; the alteration is
nonoxidative.

Unit 35 (692.0-692.7 mbsf; Basalt Type 2)

Unit 35 is an interval of fine-grained aphyric basalt
displaying hyalo-ophitic texture.

Unit 36 (692.7-715.2 mbsf; Basalt Type 3)

Unit 36 consists of several basalt flows that are sepa-
rated from each other by glassy margins. The rocks are
fine- to medium-grained aphyric vesicular basalts with
hyalo-ophitic to hyalopilitic texture. The groundmass
has a mature sheaf texture. Vesicles 0.1 to 0.3 c¢cm in di-
ameter are scattered through the rock and constitute
about 5% of it. They are empty in the fresh parts,
coated or filled with green smectite in the altered parts.
Fractures are filled with dark green smectite and pyrite.
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Unit 37 (715.2-724.3 mbsf; Basalt Type 2)

Unit 37 is a slightly fractured, medium- to coarse-
grained, sparsely olivine phyric basalt. The texture is
subophitic to intergranular with some intersertal areas.
The only phenocryst is subhedral olivine (<1.2 mm),
which is completely replaced by smectite. Fractures and
veinlets are filled with smectite and pyrite.

Unit 38 (724.3-732.5 mbsf; Basalt Type 3)

Unit 38 is coarse-grained subophitic basalt and is
probably a dike. The upper contact of the dike is weil
documented; one oriented rock piece shows a glassy
margin with a 2-cm-thick fragment of the overlying unit
as an inclusion next to the glassy margin. A gradual in-
crease in grain size can be observed toward the center of
the dike. The lower contact was not recovered. The ba-
salt has ophitic to intergranular texture. Phenocrysts are
euhedral olivine (0.5-0.7 mm), subhedral plagioclase
(0.15-0.9 mm), and subhedral clinopyroxene (0.04-2
mm). Olivine is completely replaced by smectite. Vein-
lets are filled with dark green smectite and pyrite. The
alteration is nonoxidative.

Unit 39 (732.5-750.5 mbsf; Basalt Type 2)

Unit 39 consists of a medium-grained, aphyric to mod-
erately plagioclase-olivine phyric basalt. Some brecci-
ated pieces were observed in the upper part. Plagioclase
forms subhedral laths (<0.4 mm), which are often
grouped in clumps. Euhedral olivine (< 1.6 mm) is com-
pletely replaced by yellow green smectite. Green smec-
tite occurs as a fracture filling together with pyrite. The
alteration is nonoxidative.

Unit 40 (750.5-771.6 mbsf; Basalt Type 2)

Unit 40 consists of pillows and flows which are sepa-
rated by glassy margins. The rocks are moderately to
highly fractured, fine to medium grained. They are mod-
erately plagioclase-olivine phyric basalts displaying hyalo-
ophitic texture. Phenocrysts are euhedral olivine (< 1.0
mm) and subhedral plagioclase laths (< 1.3 mm). The
groundmass has a mature sheaf texture. Green smectite
completely replaces olivine and glass; fractures are filled
with smectite and some pyrite. The alteration is nonoxi-
dative.

Unit 41 (771.6-772.4 mbsf; Basalt Type 2)

Unit 41 is a small unit of massive, medium- to coarse-
grained, highly plagioclase-olivine phyric basalt with
subophitic to intersertal texture. Plagioclase forms sub-
hedral laths (< 1.2 mm). Euhedral olivine (<0.6 mm) is
completely replaced by green smectite. The alteration is
moderate and nonoxidative, and veinlets are filled with
smectite.

Unit 42 (772.4-774.4 mbsf; Basalt Type 3)

Unit 42 consists of highly fractured pillows; glassy
margins at the top, bottom, and sides of oriented rock
pieces are common. The basalt is fine grained, moder-
ately olivine-plagioclase phyric. Alteration is moderate
to high. Fractures are filled with green smectite; some



fractures are up to 10 mm thick, giving the rock a brec-
ciated appearance. Iron hydroxides occur in some frac-
tures, and pyrite is common toward the bottom of the
unit, where it occurs together with iron hydroxides.

Unit 43 (774.4-776.8 mbsf; Basalt Type 2)

Unit 43 is a unit of a massive, fine- to medium-grained
aphyric basalt with hyalo-ophitic texture. The ground-
mass has a mature sheaf texture. Toward the bottom of
the unit the rocks are more fractured and brecciated,
with fewer glassy margins. Smectite fills fractures and
replaces the groundmass. Pyrite is common, sometimes
forming aggregates up to 3 mm in size. The alteration is
nonoxidative.

Unit 44 (776.8-778.2 mbsf; Basalt Type 3)

Unit 44 consists of massive, coarse-grained, highly
plagioclase-pyroxene phyric basalt with subophitic to
intersertal texture. Plagioclase (< 1.2 mm) forms subhe-
dral laths, and clinopyroxene (< 1.2 mm) is anhedral.
Smectite completely replaces glass and olivine and oc-
curs as a fracture filling. Pyrite occurs in some veins.
The alteration is nonoxidative.

Unit 45 (778.2-793.0 mbsf; Basalt Type 3)

Unit 45 consists of highly fractured, fine- to medium-
grained, highly plagioclase-olivine-clinopyroxene phy-
ric basalt pillows and thin flows. Glassy margins and
brecciated basalts are numerous. The basalts have hyalo-
ophitic to hyalopilitic texture; the groundmass has a
mature sheaf texture. The phenocrysts are euhedral oliv-
ine (< 0.7 mm), euhedral, lathy plagioclase (< 1.2 mm),
and subhedral clinopyroxene (<3 mm). Fractures are
numerous and filled with green smectite.

Unit 46 (793.0-800.3 mbsf; Basalt Type 2)

Unit 46 is a unit of massive medium-grained aphyric
basalt with subophitic to intersertal texture. The ground-
mass consists of olivine-plagioclase-clinopyroxene and
titanomagnetite microphenocrysts. About 10% glass oc-
curs in the groundmass, completely replaced by green
smectite. Fractures are filled with smectite, a yellow
brown material, and scattered clots and clusters of py-
rite crystals.

Unit 47 (800.3-819.0 mbsf; Basalt Type 2)

Unit 47 consists mostly of fractured, fine- to medium-
grained aphyric to sparsely olivine-clinopyroxene phy-
ric basalt. The texture is hyalopilitic to hyalo-ophitic or
subophitic to intersertal. Because of the poor recovery
in Cores 67 to 69, it is not possible to subdivide this unit,
although there are differences in grain size and appear-
ance in hand specimens. Veinlets are filled with smectite,
zeolite, and pyrite.

Unit 48 (819.0-828.2 mbsf; Basalt Type 2)

Unit 48 consists of fine- to medium-grained, moder-
ately plagioclase-olivine-clinopyroxene phyric basalt
with intergranular texture. Euhedral olivine (< 0.7 mm)
is partly replaced by smectite; euhedral plagioclase laths
(<0.8 mm) and subhedral clinopyroxene (<0.4 mm)
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are the other phenocrysts. Smectite completely replaces
glass and fills veinlets.

Unit 49 (828.2-828.9 mbsf; Basalt Type 3)

Unit 49 is fairly massive, coarse-grained, ophitic ba-
salt. The mineralogy consists of 8% subhedral olivine
(< 2.0 mm) completely replaced by dirty green smectite,
40% euhedral plagioclase laths (< 1.2 mm), and 40%
anhedral clinopyroxene (<1 mm); 5% skeletal or mi-
crolitic titanomagnetite (<0.08 mm) occurs in some
glassy areas. The glass forms about 7% of the rock. Al-
teration consists of smectite replacing glass and occur-
ring as a fracture filling, together with zeolite.

BASEMENT IGNEOUS PETROGRAPHY

Hole 504A

The basaltic basement recovered from Hole 504A be-
longs to a single petrographic unit identical to the Type
2 basalt of Hole 504B; that is, a sparsely plagioclase-
olivine-clinopyroxene phyric basalt.

Plagioclase forms 30 to 45% of the rock as pheno-
crysts, glomerocrysts, or microlites. The proportion of
phenocrysts to glomerocrysts is variable. Generally phe-
nocrysts (maximum length: 1.0 mm; average: 0.4-0.6
mm) are more common, but glomerocrysts account for
a large proportion of the macroscopic feldspar because
of their large size (maximum diameter: 1.2-2.5 mm;
average: 1.0-1.2 mm), which is often twice that of single
phenocrysts.

Glomerocrysts range from 0.6 to 2.5 mm in diameter,
comprising many (15-20) small, randomly arranged eu-
hedral and subhedral phenocrysts. No pronounced crys-
tal zoning was observed. Some cores contain glass in-
clusions. Skeletal forms resulting from growth at marked
undercoolings and the colander-like perforations in-
duced by clay alteration occur but are rare.

Phenocrysts are euhedral or subhedral, with some de-
gree of zoning toward more sodic rims. In a few cases,
minor anorthite-rich layers are evident within more al-
bitic rims, indicating oscillations in magma composition
during crystallization. Many of the phenocrysts show
mosaics of hairline fractures filled by clays. In the rare
cases where the phenocrysts are situated in zones of in-
tensive alteration, the phenocryst cores have been total-
ly replaced, their rims remaining intact.

Microlites are common, forming 20 to 40% of the
rock (maximum length: 0.6 mm; average: less than 0.2
mm). They can be euhedral or subhedral and are den-
dritic and skeletal. In many samples they show strong
alteration. Optically measured, the plagioclase has a
range in anorthite composition between Ang; and Ansg
(average: An;,), with rims from Ang, to Ang;.

Olivine is found as euhedral and subhedral pheno-
crysts and as a minor component of the groundmass.
The phenocrysts, which are pseudomorphed by clays
and calcite, vary in size from 0.2 to 1.0 mm (average:
0.3-0.5 mm). They form 2 to 3% of the rock. Ground-
mass olivine is present as anhedral or subhedral grains
0.05 to 0.15 mm in diameter; it can occasionally be skel-
etal.
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Clinopyroxene occurs as single grains, aggregates,
and as a component of the groundmass. It constitutes
40% of the rock.

Ophitic and subophitic clinopyroxene is common in
these rocks (5%), consisting of single anhedral grains
(0.1-0.4 mm) or aggregates that enclose plagioclase mi-
crolites. The clumps (maximum diameter: 1.2 mm; av-
erage: 0.4-0.8 mm) are rarely completely ophitic and ex-
hibit radial extinction in polarized light; this is probably
the result of crystal growth,

Clinopyroxene in the groundmass can occur in sev-
eral different forms, including granules and spherulites.
Most of the rocks except those chilled at pillow margins
have a 3 to 5% proportion of anhedral augite in their
groundmass (0.05-0.1 mm). These grains often have ar-
borescent sprays of clinopyroxene linking them to the
pyroxene component of the spherulites, although they
can be distinct. Sprays are absent from the larger ophitic
crystals and aggregates.

The remainder of the rock is groundmass (~40-
50%). The groundmass contains granular clinopyrox-
ene, subhedral olivine, and acicular plagioclase in a
spherulitic matrix composed of clinopyroxene, plagio-
clase, and opaques. In fine-grained rocks the mesostasis
appears dark brown and is composed of fan spherulites.
In coarser rocks the matrix becomes paler, and the fan
spherulites develop into plumose fans and then into den-
drites. Some samples have a more variolitic texture con-
sisting of irregular patches of dark fan spherulites in a
light dendritic matrix.

Opaques constitute up to 3% of the rocks. Primary
opaques include titanomagnetite and Fe-rich sulfides
(pyrrhotite). Titanomagnetites occur as skeletal to euhe-
dral crystals. Primary sulfides occur as blobs dissemi-
nated in the glass and mesostasis,

Secondary opaques include pyrite and Fe-oxides. Sec-
ondary pyrite occurs as euhedral and subhedral grains in
and around vesicles, and as long, wide, veinlike aggre-
gates of skeletal pyrite which permeate the rock. Py-
rite close to vesicles may also form discontinuous rims
around cavities and occasionally around olivine pseudo-
morphs. Except when veinlike aggregates are present,
secondary pyrite is found only as a trace (<0.5%).

Titanomagnetite (average: 2%) is confined to the me-
sostasis and occurs as crystals, most of which are very
tiny. The larger grains are generally skeletal, although
euhedral and subhedral grains do occur. Grains are dis-
seminated but can occasionally be concentrated as dis-
continuous strings between clinopyroxene crystals and
spherulite sprays.

Fe-oxide minerals, possibly hematite or goethite, are
found in several samples as layered linings of vesicles
and veins.

Holes 501 and 504B

The basement recovered from Holes 501 and 504B
can be divided into five petrographic groups on the basis
of the phenocrysts observed in thin sections. These may
differ somewhat from those observed with a hand lens,
which form the basis of the lithologic units (Fig. 4), but

56

the numbers and intervals of the petrographic types cor-
respond to those of the lithologic units. The five basalt
types are as follows:

Type Thin-Section Phenocryst Assemblage

1 Moderately plagioclase, olivine, and
chrome spinel phyric (no green
clinopyroxene)

2 Moderately plagioclase and augite
phyric (no spinel, no green clino-
pyroxene, and no olivine)

3 Moderately plagioclase, olivine, and
green clinopyroxene phyric (no
spinel)

E Highly plagioclase, olivine, and green
clinopyroxene phyric (no augite)

5 Variably plagioclase, olivine, + augite
phyric (no spinel and no green
clinopyroxene)

Type 1

Basalts of Type 1 are sparsely to moderately plagio-
clase-olivine phyric with accessory chrome spinel and
no green clinopyroxene phenocrysts.

Megascopically, the plagioclase occurs as glomero-
crysts and single phenocrysts, which together form 5 to
10% of the rock. Plagioclase microlites and a propor-
tion of the groundmass account for a further 20 to 30%
of average Type 1 basalt.

Glomerocrysts can form up to 7% of the rock, with
average dimensions between 0.6 and 1.2 mm (maximum
length: 2.0 to 2.5 mm). Phenocrysts contributing to
these chaotic clumps may be euhedral or subhedral and
are often poikilitic, containing anhedral plagioclase
crystals. Glass inclusions are sometimes present in crys-
tal cores, but they are not common. Some degree of
zoning can usually be seen, but it is never as pronounced
as that visible in the larger phenocrysts. More albitic
rims with oscillations for more anorthitic plagioclase, as
present in Type 2 basalts, are virtually absent. Clay min-
erals are common along cracks in the smaller grains,
forming glomerocrysts.

Phenocrysts are generally euhedral or subhedral, form-
ing 3 to 8% of the rock. The largest are 2.0 to 3.0 mm
long, and the average is 0.4 to 0.8 mm. There appears to
be no relationship between the size of individual pheno-
crysts and glomerocrysts in the same rock. Generally the
sizes of the phenocrysts are distributed evenly between
two extremes, although occasionally they fall into two
distinct groups with no intermediate-sized grains. In such
cases the largest phenocrysts are 2.5 to 2.8 mm long
(average: ~ 1.5-2.0 mm), and the smaller are around
0.8 mm (average: 0.3-0.6 mm). Many phenocrysts con-
tain glass inclusions in their cores, and some contain an-
hedral plagioclase grains. Skeletal textures are common.
There are rare examples of phenocrysts with margins
made of tightly packed dendrites and parallel strings of
clay (altered glass?). Zoning to more sodic rims is com-
mon, sometimes with calcic oscillations near their cores.



Clay fills cracks in some phenocrysts. Plagioclase com-
position varies between Ang and An,g (average: Angs);
rims are approximately Angs.

Plagioclase also forms dendritic groundmass and mi-
crolites, totaling 20 to 30% of the rock. The phenocrysts
vary in size from 0.05 to 0.8 mm, with morphologies
varying from euhedral through skeletal to dendritic. Mi-
crolites often form radiating subophitic textures when
granular pyroxene is present, but generally they have no
orientation. Clay fillings are common in fractures.

Olivine phenocrysts (2-3%) occur as euhedral and
subhedral grains. There is usually a gradation in pheno-
cryst size from larger (1.2-1.5 mm) to smaller (average:
0.1-1.4 mm). These phenocrysts are distinct from inter-
sertal groundmass olivine (0.025-0.05 mm), These pro-
portions vary; groundmass olivine is anhedral and gran-
ular, but clumps of skeletal crystals (0.2 mm long) occur
occasionally. Both phenocryst and matrix olivine (total
~10%) are pseudomorphed by clays.

Clinopyroxene (~35% of the rock) is an important
component of the groundmass, where it forms spheru-
lites. A small percentage forms subhedral grains or skel-
etal laths (0.05-0.2 mm long) distinct from the mesosta-
sis. These often have arborescent sprays connecting
them with the spherulitic matrix. Rarely grains coalesce
to form vague ophitic textures enclosing plagioclase mi-
crolites (maximum diameter: 0.8 mm).

The proportions of groundmass and mesostosis are
dependent on the degree of chilling the basalt has under-
gone. Near the margins the matrix may form 85% of the
rock, but where there is a high proportion of acicular
plagioclase (flow interiors), the matrix forms only 40%.
Small spherulites at margins (0.1-0.15 mm in diameter)
become progressively larger toward interiors. Fan spher-
ulites develop into plumes and then into dendrites of
plagioclase and clinopyroxene dusted with opaques. In
the coarser basalts, the pyroxene dendrites may become
skeletal.

Euhedral chrome-spinel phenocrysts (<3 mm) gen-
erally form less than 0.5% of the rock. They can be ver-
micular and sometimes skeletal. Most chrome spinel is
disseminated in the mesostasis, but it can be poikilitical-
ly enclosed in olivine or plagioclase phenocrysts.

Type 2

Basalts of Type 2 are moderately plagioclase and au-
gite phyric. Ophitic, subophitic, and intersertal textures
are dominant, with finer-grained equivalents resulting
in glassy to variolitic basalts.

The plagioclase crystals are sometimes zoned, often
twinned according to albite, pericline, and Carlsbad laws,
and exhibit blocky to equant, lathy morphologies. An-
orthite content was determined optically for the pheno-
cryst phases as Ang, to Ang,. No major change in An
content occurs within stratigraphic succession in either
the matrix or phenocrystic plagioclase. In all cores the
median of the matrix crystals is less anorthite rich than
that of the phenocrysts. This relationship is to be ex-
pected if the phenocrysts crystallized in a basaltic parent
that was slightly less differentiated or hotter than the
erupted lava.
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Clinopyroxene phenocrysts are subhedral to anhe-
dral, rarely twinned, occur usually in agglomerates of
two or more, and may (rarely) appear resorbed. These
crystals are biaxial positive with a large 2V and have
maximum extinction angles that never exceed 45°. The
maximum extinction angles generally range from 35° to
45°, In plane-polarized light the relief is high against
plagioclase laths and somewhat lower than olivine; these
crystals also exhibit a light green hue in plane-polarized
light but are not pleochroic. Although 2V angles could
not be measured accurately, the previous description is
appropriate for augite.

Groundmass textures range from glassy to complete-
ly crystallized and intergranular. Several different tex-
tures are often present in one sample, progressing from
a glassy rind to an intermediate zone of variolites toward
a core of hyalopilitic texture. Generally, such samples
represent a flow or pillow margin. Microlites in these
samples are generally of two morphological and miner-
alogical types: (1) acicular plagioclase (approximately
Angg g), and (2) anhedral granular, clinopyroxene (max-
imum extinction angle between 30° and 45°).

Type 3

Basalts of Type 3 are moderately plagioclase-olivine-
clinopyroxene phyric. They are petrographically distin-
guished from the other groups by their high phenocryst
content (15-20%) and by the presence of large single
augite crystals.

Megascopic plagioclase is in the form of phenocrysts
and glomerocrysts, which together form 20 to 25% of
the rock.

Phenocrysts range in size from 0.2 to 3.5 mm. The
number of phenocrysts of each size is about the same.
There is, however, a tendency for some basalts to have a
higher proportion of phenocrysts in the ranges from 0.4
to 0.6 mm and 0.8 to 1.5 mm. In cases where the phe-
nocrysts are predominantly of one of these sizes, large
grains (3.0-4.0 mm) are rare. Irrespective of size, most
of the phenocrysts are euhedral, with a few subhedral
and dendritic forms. Twinning can be complex or sim-
ple; generally one or the other will be dominant in any
single thin section. Zoning varies between rocks from
being vague on extinction to distinct in albite-rich rims.
Phenocrysts with vague oscillatory zoned cores and sharp
thin sodic rims are most common. Phenocryst cores with
glass inclusions are rare, as are phenocrysts with skeletal
textures. Occasionally the larger phenocrysts are poikili-
tic, containing small euhedral feldspar grains. A parallel
alignment of megacrystic plagioclase and small pheno-
crysts occurs in some localized areas. Generally the pla-
gioclase is fresh, but near areas of intense alteration
crystal cores may be partially or completely pseudo-
morphed by clays, leaving only the sodic rim intact.

Plagioclase glomerocrysts tend to be more common
than individual phenocrysts in these basalts, but they
are comparable in size, ranging between 0.8 and 4.0 mm
at their widest point. The glomerocrysts are composed
of 5 to 30 phenocrysts of varying size, but in general the
small glomerocrysts are made of correspondingly small
phenocrysts. Individual grains are euhedral or subhe-
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dral but never dendritic. In general, clumps are loosely
and chaotically arranged. They are formed of pheno-
crysts which are often poikilitic, completely or partially
containing anhedral or subhedral plagioclase grains. Phe-
nocrysts show complex twinning and invariably have some
degree of oscillatory zoning in their cores, with a sharp
outer rim. There are no glass inclusions. Alteration, if
sufficiently intense, can replace cores, but it leaves rims
intact. The composition of the plagioclase in these rocks
varies between Ang and Ang, (average: ~ Anys), with
rims of about Ang;.

Plagioclase also occurs as microlites, forming 5 to
15% of the rock, the proportion appearing to be depen-
dent on the crystallinity of the groundmass. The micro-
lites vary in size from 0.05 to 0.8 mm, the largest often
grading into the size of microphenocrysts and being dis-
tinguished only by their narrow form. They show no
consistent orientation, but they are occasionally includ-
ed in radiating ophitic clinopyroxene clumps. The small-
er microlites are skeletal and dendritic; the larger micro-
lites are only euhedral. They are strongly corroded by
clays in localized areas of intense alteration.

Olivine forms 3 to 8% of the basalts from this group,
as euhedral or subhedral grains. The grains range in size
from 0.1 to 1.6 mm, but most are between 0.3 and 0.5
mm. Olivine is generally found as single grains, but oc-
casionally aggregates of several (three or four) pheno-
crysts may occur, with rare ophitic textures. In basalts
where the phenocrysts are generally larger than normal,
olivine can be divided into two size ranges: phenocrysts
and groundmass-sized grains (0.1-0.2 mm). Alteration
is intense in most of these rocks, with colored clays re-
placing both the phenocryst and the groundmass oliv-
mne.

Clinopyroxene is present in the form of large pheno-
crysts and aggregates (2-15%) and as spherulites in the
groundmass. The phenocrysts are euhedral or anhedral,
and they generally occur in two size ranges. The larger
grains are around 0.2 to 4.2 mm in length, the smaller
about 0.05 to 0.2 mm. Usually there are only three or
four large phenocrysts, and they generally show some
degree of simple twinning (sector or straight). There is a
tendency for the smaller grains (0.05-0.1 mm) to be
more ophitic than those in the size range from 0.2 to 4.2
mm. Grains commonly coalesce to form radiating ophit-
ic clumps with diameters up to 2.0 mm; alternatively,
they are single and intersertal to the groundmass, acting
as nuclei for fan spherulites. Smaller phenocrysts and
aggregates are often dendritic and connected with the
clinopyroxene of the groundmass by arborescent sprays.
This is particularly pronounced in the less dense aggre-
gates. Rarely, the larger single phenocrysts are poiki-
litic, containing small euhedral plagioclase grains.

The groundmass of these basalts is predominantly of
fine-grained spherulitic form. Depending on the degree
of crystallinity, it can form 60 to 80% of the rock. In
general, the more spherulitic the groundmass, the lower
the percentage of the plagioclase microlites and augite
aggregates present. Away from pillow margins, where
rounded spherulites nucleating around laths and grains
are most common, the matrix becomes progressively more
fanlike, then plumose, and finally dendritic. The ground-
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mass of many basalts has a vaguely variolitic texture. A
matrix of granular augite and acicular plagioclase may
be randomly spotted with areas comprising dense spher-
ulitic textures. The matrix in all these basalts is heavily
dusted with opaques.

A few of the basalts in the upper half of the core
show the effects of autointrusion; others show intensive
fault brecciation.

Autointrusion can be found in Lithologic Unit 3 of
Hole 504B from 85 cm down Core 15-5 to the top of
Core 16-2. It appears as fingers and spots of fine-grained
basalt ramifying a coarser host. The basalts involved are
not as strongly phyric as many of the others included in
Type 3, but they nevertheless contain the required phe-
nocrysts of clinopyroxene. In thin section both the
coarse- and the fine-grained basalts contain phenocrysts
of plagioclase and clinopyroxene that are comparable in
size and percentage (5-10%). Near contacts the finer
basalt has a dark, dense matrix composed of fan spheru-
lites and rare microlites. In plane polarized light, dark
and light flow laminations can be seen running parallel
to the contact; the laminations contain similarly orient-
ed acicular plagioclase. Farther from the contact the
matrix becomes less compact and lighter in color. As the
microlite content increases, flow laminations lose all
orientation, fans become plumose, and granular augite
begins to appear. Such relationships suggest injection
and chilling. Contacts are lobate and rounded, the result
of intrusion while the host was still plastic and deform-
able. The host has a coarser groundmass of acicular pla-
gioclase with dendritic and granular augite. Phenocrysts
close to the contact can be partially enveloped by intrud-
ing material.

From the evidence it would appear that a source of
hot new magma of composition similar to that already
present (possibly in a magma chamber) became avail-
able for injection into a host that was cooler but still
partially molten.

Breccias appear at several horizons in the core. In
thin section the breccias comprise subrounded fragments
up to 4 mm across. The fragments can be shattered parts
of mineral grains or pieces of rock broken from the ad-
jacent fracture wall or elsewhere. The polymict form of
this breccia is clearly seen from the presence of pillow
margins, aphyric, and Type 3 basalts in the same thin
section. The breccia acted as a channel for intense alter-
ation, replacing partially or completely all but the larg-
est or most resistant rock fragments. These are now held
in a matrix of clay.

Type 4

Type 4 basalts occur in Holes 504B and 505 and
are moderately plagioclase-olivine-clinopyroxene phyric.
They are differentiated from Type 1 basalts by the pres-
ence of clinopyroxene phenocrysts and by the size of the
phenocryst component of the rock. About 30% of the
basalt is made up of phenocrysts, of which 20% are pla-
gioclase and 10% are olivine, with traces of clinopyrox-
ene.

Plagioclase occurs as phenocrysts and glomerocrysts
of variable size (maximum length and diameter: 2.5
mm; average: 1.5-2.0 mm). Composition is constant



for all the plagioclase morphologies (An;g-Angs); pro-
nounced zoning toward a more sodic rim is common,
Anhedral glass inclusions occur in the cores of several
crystals; less common are ophitic plagioclase megacrysts
containing inclusions of anhedral olivines and chrome
spinel. There are some partially resorbed feldspar phe-
nocrysts.

Olivine (2.5-1.0 mm) is present as euhedral or subhe-
dral phenocrysts, some of which are skeletal, and as glo-
merocrysts. The glomerocrysts are often ophitic or sub-
ophitic, the grains having inclusions of euhedral plagio-
clase. Blue and green smectites partially replace the larg-
er olivine phenocrysts and all of the groundmass olivine.

There are a few clinopyroxene phenocrysts. In gener-
al, they are anhedral and twinned (4.0-1.0 mm long).
Their rounded and corroded appearance suggests a de-
gree of resorption. In hand specimen they appear as
bright emerald green crystals.

The groundmass is identical to that of type, contain-
ing plagioclase microlites (10-20%) in a spherulitic me-
sostasis (50-55%).

Pyrite and titanomagnetite form ~2% of the basalt,
Pyrite is limited to veining and is consequently second-
ary. Submicroscopic titanomagnetite is disseminated in
the mesostasis as euhedral grains.

Type 5

Type 5 basalts are plagioclase-olivine-augite phyric,
with augite occurring only as glomerocrystic clumps with
plagioclase. Phenocryst contents are variable, so for the
purpose of discussion only their extremes are considered.
These are microphyric and sparsely to moderately phy-
ric basalts. All gradations between are found.

The petrographic characteristics of the sparsely to
moderately phyric Type 2 basalts have been described in
detail in the discussion of Hole 504A, where the only
basalt recovered was of this type.

The microphyric (subaphyric) basalts of Type 2 differ
from more phyric basalts in having only 6% or less of
phenocrysts (< 1.0-1.5 mm in length). The phenocrysts
are composed of plagioclase and olivine.

Plagioclase forms 10 to 15% of the rock as pheno-
crysts, glomerocrysts, and microlites. Most of the phe-
nocrysts found in these basalts fall into one of two
ranges: 0.2 to 0.7 mm (average: 0.4-0.6 mm) and 0.8 to
1.0 mm long. Rocks containing only the larger pheno-
crysts are relatively rare; they generally occur in combi-
nation with smaller phenocrysts or are (more common-
ly) absent. Irrespective of size, phenocrysts are generally
euhedral and normally zoned; one case of sector zoning
was observed. There is a very gradual increase in soda
content from the cores towards rims, lacking sharp or
oscillatory changes during growth. A few of the smaller
phenocrysts appear corroded and almost anhedral in
form, indicative of partial resorption or magmatic abra-
sion. Twinning is simple in the majority of grains, con-
sisting of one or two broad twins. The smaller pheno-
crysts tend to be more dendritic than the larger grains.
Inclusions are rare or absent. Alteration appears as clay-
filled cracks and is most pronounced in the smallest phe-
nocrysts.
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Glomerocrysts of plagioclase are rare (one or two per
thin section) or absent. They are formed of chaotic
clumps of 5 to 10 euhedral or subhedral phenocrysts
(0.2-0.4 mm), some of which are partially or completely
enclosed by others. Generally they are 0.8 to 1.2 mm
across. Glomerocrystic grains are identical to single
phenocrysts in zoning, simple twinning, and occasional
dendritic morphology. Plagioclase composition varies
between An,, to Ang, (average: Anyg), with rims of ap-
proximately Angg.

Most plagioclase is in the form of microlites (10~
20%). The microlites range in size from 0.05 to 1.6 mm,
but average 0.1 to 0.4 mm, depending on the crystallin-
ity of the rock. Generally they have a random orienta-
tion, but they may form radiating ophitic textures when
granular augite is present in the groundmass. Most mi-
crolites are subhedral or euhedral. Skeletal forms are
not common. They can be dendritic, and in pillow mar-
gins they act as nuclei for fan spherulites.

Olivine phenocrysts form 3 to 4% of the basalts.
They range in size from 0.05 to 0.4 mm, with an average
between 0.2 and 0.3 mm. Grains are commonly euhe-
dral or (rarely) subhedral. In most sections olivine is
completely replaced by clays or Fe-oxide minerals.

Clinopyroxene occurs as single grains and as amor-
phous aggregates, forming in total 10 to 25% of the
rock. Single grains are at maximum 0.3 mm long (aver-
age: 0.05-0.2 mm) and are therefore large components
of the groundmass rather than microphenocrysts. They
range from euhedral to subhedral. Single grains, which
are occasionally skeletal in form, are randomly scat-
tered in the rock, but the grains sometimes coalesce to
form clumps. Rarely, individual grains are subophitic
with plagioclase and exhibit undulose extinction (aver-
age diameter: 0.1-0.2 mm). The grains sometimes act as
nuclei for poorly developed bow-tie structures, but gen-
erally they are texturally independent of the ground-
mass. Clumps are distinct from other aggregates of
smaller diffuse granules (0.05 mm) in that they are made
of clear subhedral grains and are nonophitic.

Aggregates of augite, on the other hand, are com-
posed of a mass of anhedral granules and are always
ophitic. Each aggregate can be 0.2 to 0.4 mm across, but
most are about 0.2 mm. Occasionally several loose ag-
gregates coalesce to form continuous areas of ophitic
texture in a dense spherulitic groundmass. In coarser ba-
salt, ophitic areas increase in proportion to the amount
of granular augite. The grains that form these aggre-
gates have arborescent sprays joining them to the ma-
trix, but they are absent from most of the clumped and
phenocrystic augite.

Dense fanlike spherulites are characteristic of fine-
grained rocks; they contain only a small number of mi-
crolites and granular augite. Acicular plagioclase crys-
tals may occasionally act as nuclei for spherulite growth.
Fan spherulites vary from fanlike to plumose and finally
to dendritic as the basalt coarsens. Also associated with
the coarsening basalt is an increase in augite content in
the form of aggregates, clumps, and grains. Coarse rocks
usually have a variolitic matrix, whereas areas of dense
spherulites heavily dusted with opaques are scattered in
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a more plumose and granular-ophitic groundmass rich
in microlites,

Opaque Mineralogy

Titanomagnetite and primary sulfide spherules are
ubiquitously found in the interstices of silicate phases
(regardless of the basic texture), and they never occur in
an equigranular-intergranular relationship with the sili-
cates. Crystal textural and morphological relationships
indicate that the silicates crystallized before the intersti-
tial phases. This relationship implies that the final crys-
tallization of these opaques occurred well after the main
silicate-crystal framework of the solidifying melt had
been established. In addition, the sulfide spherules are
flattened against both the silicate crystals and the titano-
magnetites, indicating that these spherules represent
droplets of an immiscible sulfide melt, liquidated from
the silicate magma, that solidified after the main stage
of silicate and oxide crystallization.

Titanomagnetites dominate the opaque mineral phases
in grain size and abundance, ranging from 5 to 10 pm in
average diameter in different samples and constituting
from 4 to 10% of rock volume in different samples. These
oxides often occur in areas where the primary interstitial
silicate matrix has been replaced by smectite. In such
areas two types of alteration of the primary oxides were
recognized: (1) direct oxidation to red, Fe-oxyhydrox-
ide and (2) development of ‘‘oxidative shrinkage”” cracks.
These alteration products are rare in the polished thin
sections available, occurring only in thin sections from
Hole 504B, Core 39, Section 1, 43-50 cm and Hole 504B,
Core 52, Section 3, 97-99 cm, respectively.

Primary sulfide spherules are less common than in
the Galapagos Rift samples drilled on Legs 54 and 70,
but they occur in all samples where the titanomagnetites
are large enough to discern morphology (>5 um).

Conclusions

All basalt types carry mineralogical evidence for
complex crystallization histories. This evidence includes
partially resorbed plagioclase and clinopyroxene pheno-
crysts, plagioclase phenocryst interiors rich in inclusions,
pronounced oscillatory zoning, and diverse phenocryst
and microphenocryst morphologies that indicate forma-
tion at a range of undercoolings. The fact that the petro-
graphic types display different combinations of these
characteristics suggests that they were subjected to dif-
ferent influences during their formation. The ground-
mass is very similar for all basalt types and would ap-
pear to indicate that a similar magma type was involved

in all cases, but that the magmas were subjected to dif-
ferent conditions of crystal fractionation and pheno-
cryst addition to form each petrographic group.

BASEMENT ALTERATION PETROGRAPHY,
SITES 501 AND 504

Mineralogy

Alteration of the basalts in Sites 501 and 504 appears
in glassy margins, olivine and plagioclase crystals, veins,
and miarolitic voids. The alteration minerals determined
on board the Glomar Challenger are clay minerals,
tale(?), carbonates, phillipsite, natrolite, analcime, iron
hydroxides and/or iddingsite, and pyrite. The minerals
occur as fillings of vesicles and veins and as replacements
of olivine and sometimes plagioclase crystals. Other sec-
ondary minerals, such as quartz, K-feldspar, apophyl-
lite, anhydrite, gyrolite, melanite, and aegirine augite,
were found during shore-based studies.

Clay Minerals

Clay minerals are present in all three holes. The five
types listed in Table 7 were distinguished.

The clay mineral typed as GY was analyzed on the
ship by XRF during Leg 69; it seems to be saponite.

The mineral typed as EY, which was identified as talc
in Hole 504B on board the ship using X-ray diffraction,
was revealed on shore to be a Mg-rich clay mineral which
is particularly colorless and highly birefringent (Hon-
norez et al., this volume). Possible interlayered talc-
saponite minerals were identified by XRD in Cores 34,
37, 48, 56, and 57.

Carbonates

Carbonates occur in Hole 501 (Cores 12-17 and 20),
in Hole 504A (Core 6), and in Hole 504B (Cores 3-9, 14,
16, 17, 20-24, 27, 28, 33 to 35, 37 to 41, and 48). The
presence of calcite in Hole 504B (Core 44) was con-
firmed by XRD during Leg 70. In Hole 504B carbonates
are particularly abundant in veins, where they are asso-
ciated with clay minerals, analcime, and other zeolites.
Carbonates occur associated with clay minerals as a
product of olivine alteration in Hole 504B, Cores 5to 9,
16, 17, 21 to 24, 27, 38, 41, and 45.

Phillipsite

Phillipsite is present in altered glassy margins, where
it is associated with clays. It shows fan-shaped aggre-
gates of elongated or square crystals with very low bire-
fringence. A large radiating clump of crystals (I cm

Table 7. Clay minerals in basalts of Sites 501 and 504.

Type Color in Normal Light

Color in Crossed Polars Habit

Mode of Occurrence

GY  Greenish yellow

G Green

Gray to yellow (first order)  Fibers
EY  Pale yellow green to colorless  Gray (first order) to yellow  Fibers
(second order)

Anomalous dark green

Breccia cement, glassy margins

Olivine replacement, vesicle and
vein fillings (plagioclase re-
placement)

Granules  Olivine replacement, vesicle and

vein fillings

BG  Blue green Anomalous bluish gray Fibers Olivine replacement
DG Dark olive green Gray to red (first order); Fibers Olivine replacement, vein fill-
sometimes superimposed ings

on anomalous green




across) was found in Hole 504B on the surface of Core
11, Section 3, Piece 1079.

Zeolites

Various unidentified zeolites occur in Cores 35 to 41
of Hole 504B. Megascopically, a white zeolite occurs in
veins as fibroradiate aggregates up to 10 mm in width;
the aggregates are associated with dark green smectite
and sometimes analcite, Natrolite was identified by
XRD in veins of Cores 35 to 37. White material that oc-
curs in veins below Core 49 is quartz (Honnorez et al.,
this volume).

Analcime

Analcime occurs in Hole 504B (Cores 35, 37, and 38)
as colorless transparent crystals (to 1.0 mm in size) in
open cracks and veins, where it is in association with
clay minerals, probably natrolite, calcite, and some-
times a light bluish transparent mineral. The presence of
analcime in Core 35 was confirmed by XRD.

Iddingsite

Different kinds of iddingsite (i.e.; various mixtures
of clay minerals and iron hydroxides) occur in Holes 501
and 504B. It occurs as red, orange, or brownish material
that has abnormal dark red, orange, and brown colors
in crossed polars. It was found in and around the cracks
of olivine phenocrysts, which are completely replaced
by clay minerals. An iddingsitelike material, composi-
tionally identical to that replacing olivines (Honnorez et
al., this volume), also occurs in the matrix, cracks, vesi-
cles, and miarolitic voids, generally in association with
clay minerals.

Iddingsite and iddingsitelike material may be respon-
sible for the red color of ‘‘alteration halos’ around
cracks.

Pyrite

Pyrite appears in variable amounts in veins, where it
is associated with dark green smectite. It is rare in Holes
501, 504A, and the upper part of the Hole 504B but more
common in the lower part of Hole 504B (e.g., Cores 36,
38, 40, 41, 45, 47-50, 52, and 54-70). The frequency,
abundance, and size of the grains of pyrite increase with
depth (maximum length: 2 mm; maximum length of ag-
glomerates of crystals: 6 mm).

Alteration Zoning around Cracks

Oxidative alteration is often marked by zoning along
cracks. The materials that appear as one moves from the
fresh rock to a crack or exposed surface are as follows:
(1) Type EY clay mineral; (2) Type EY clay mineral plus
iddingsite; and (3) Type G clay mineral (not always pres-
ent). This disposition is general in Hole 501 and in the
upper part of the Hole 504B. Below Core 39 in Hole
504B it disappears.

Replacement of Igneous Minerals

Pyroxene crystals are almost always fresh (see La-
verne, this volume).
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Plagioclase crystals are sometimes partly altered to
clay minerals (Type EY), and more rarely are replaced
by analcite and other zeolites (Cores 35, 37, and 38).
Titanomagnetite crystals are often rather strongly al-
tered; they are frequently almost completely replaced by
nonopaque minerals or mineral assemblages. In such
cases, fresh titanomagnetite occurs as tiny (<0.001 mm)
relics scattered in the alteration products, and the origi-
nal titanomagnetite crystal outlines are visible only in
transmitted light. The nature of the alteration products
could not be identified on the ship because of the rather
poor polish of the sections. Titanomaghemite and other
Fe-Ti oxides/hydroxides are probably present, as well
as sphene.

Olivine is always at least partly altered, and most of
the time it is completely altered. The following associa-
tions occur as a replacement for olivine: (1) pale green
smectite (Type EY); (2) colorless to pale green smectite
(Type EY) plus iddingsite; (3) blue green smectite (Type
BG); (4) green smectite (Type G); and (5) pale green
smectite (Type EY) plus dark olive green smectite (Type
DG) plus opaque needles.

The Type (2) association occurs in red halos around
cracks, whereas Type (1) occurs outside the halos, in the
nonoxidized zones. The Type (1), (2), and (4) associa-
tions are common in the upper part of the hole (above
Core 39). The Type (3) association occurs above Core
39, but it is rare. The Type (5) association occurs below
Core 39. The Type (1) and (2) associations were ob-
served in the same thin section (Sample 504B-33-2 [Piece
207]). One part of the thin section shows Type (1) alter-
ation, whereas the other part shows Type (2) alteration.
The contact between these two zones is very sharp, with
the same olivine phenocryst exhibiting both types of al-
teration. The zonation is controlled by the presence of a
crack (see preceding material).

Variation of Alteration with Lithologic Type

Alteration varies with the two main lithologic types
of lava. The first type comprises the pillow basalts and
breccias, which are characterized by the presence of
glass, fine-grained basalts, and numerous cracks. The al-
teration minerals are varied and abundant (analcime, py-
rite, calcite, smectites, zeolites). They fill thick (8-mm)
cracks and replace glass and olivine. The second type
comprises the massive basalts, which are medium grained
and probably represent flows most of the time. Cracks
are much rarer and thinner (<0.5 mm in width). In
these, alteration is typically less advanced; however, the
alteration minerals are similar to those in the pillows
and breccias.

Variation of Alteration with Depth

Some variation in the alteration of the basalts with
depth can be observed. The amount of pyrite increases
with depth, whereas the abundance of carbonate de-
creases. In Hole 504B iddingsite is rare below Core 39;
zeolites and analcime do not occur below Core 39; and
phillipsite does not occur below Core 23. In addition,
the Type (1), (2), (3), and (4) associations of olivine re-
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placement do not occur below Core 39, whereas the
Type (5) association seems to be present only below
Core 39.

It was obvious on board that Core 39 of Hole 504B
corresponded roughly to a boundary between two kinds
of alteration, and this was confirmed on shore (Hon-
norez et al., this volume). The Core 39 boundary was
not sharp, however, but extended for several cores.

The amount of altered material (although not neces-
sarily the intensity of the alteration) depends also on
lithologic type, including the density of the fractures,
the grain size, the pore space volume and so forth—in
other words, effective permeability. The tendency of a
rock to alter depends on the latter parameter.

In summary, the basalts of Sites 501 and 504 show
two types of alteration: oxidative alteration, which oc-
curs in Holes 501 and 504A and in the upper part of the
Hole 504B (to about Core 39), and a nonoxidative, pos-
sibly reducing type of alteration, which occurs in the
lower part of Hole 504B (below about Core 39).

BASEMENT CHEMISTRY, SITES 501 AND 504

This discussion of the chemistry of the basalts in
Holes 501, 504A, and 504B is based on (1) shipboard
XRF measurements, (2) shore-based trace element data
(Etoubleau et al., this volume), and (3) the composition
of the natural basaltic glasses as determined by electron
microprobe (Natland et al., this volume).

The XRF data show that the basalts are relatively
basic, with values of Mg/(Mg + Fe) from 0.56 to 0.66
(mean: 0.61); Ni from 70 to 170 ppm; Zr from 30 to 100
ppm (with a concentration near 55 ppm); and TiO, from
0.7 to 1.4% (with a concentration near 1.0%). No ferro-
basalts were encountered.

Except for two small intervals, all the basalts are de-
pleted (N-type) mid-ocean ridge basalts. In fact, they
have such low abundances of mobile-incompatible (hy-
gromagmatophile) elements that they can be considered
particularly depleted variants of N-type mid-ocean ridge
basalts. The two exceptional intervals occur from Cores
16 to 18 and 54 to 56 (Lithologic Units 4, 5, and 36).
They contain basalts with elevated abundances of K,O,
Na,O, and certain trace elements, and they have differ-
ent ratios of Nb/Zr and La/Ta (Etoubleau et al., this
volume). These lavas appear to have had a less depleted
mantle source than the others.

The other basalts show a rather remarkable degree of
uniformity, so much so that discrete chemical types in
many cases could not be distinguished using XRF major
oxide data because of the effects of phenocrysts and al-
teration. Better results were obtained using natural glass
composition. Natland et al. (this volume) define 16 com-
positional groups that occupy different stratigraphic
levels in the holes. Thirteen of these occur in Hole 504B,
with an additional one in both Holes 501 and 504A. The
least evolved glass compositions occur in Core 35. They
have 9.2 t0 9.5% MgO and are only 0.81 to 0.83% TiO,.
They are among the most magnesian glasses analyzed
from the eastern Pacific. The generally depleted charac-
ter of the basalts is verified by the low percentage of
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K,0 (0.02-0.05%) and P,Os (0.07-0.11%) in the com-
position of the glass. The largest coherent group of glass
spans Cores 37 to 50 in Hole 504B. A smaller coherent
group spans Cores 4 to 14 of Hole 504B; it occurs as
well in Holes 501 and 504A. These and all other groups
evidently represent individual eruptive units, and they
appear in the pillows, flows, and breccias of most of the
principal petrographic types. The abundance and occur-
rence of phenocrysts thus have little relationship to rock
chemistry. The phenocrysts must therefore either be me-
chanical concentrates due to gravity sorting or flowage
differentiation or have been introduced during magma
mixing. As regards mixing, the extreme uniformity of
the composition of both the whole rock and the glass
implies uniformity in the magmatic processes at the
Costa Rica Rift. In all likelihood, the uniformity re-
flects the effectiveness of a steady-state magma chamber
in buffering magma compositions, primarily by mixing,
prior to eruption.

Sr AND Pb ISOTOPIC COMPOSITION OF
HOLE 504B BASALTS

Fourteen whole rock samples taken from Hole 504B
at 40- to 60-meter intervals were analyzed for 87Sr/86Sr
ratios and Sr and Rb concentrations. With one excep-
tion, samples were taken from holocrystalline pillows or
massive basalts. Basalts containing major smectite or
zeolite veins were not sampled because the intention of
the study was to determine the degree of isotopic ex-
change between the crystalline bulk rock and seawater.

Seven samples from the upper 260 meters of the hole,
down to Core 34, have Sr isotope ratios of 0.70287 to
0.70377, with an average of 0.70324, and Rb values of
1.3 to 9.5 ppm. Six samples from the lower 300 meters
of the hole have a very restricted Sr isotope ratio range
(0.70255-0.70279) and an average value of 0.70265, the
value for fresh oceanic basalts. The Rb values are less
than 0.5 ppm.

The elevated Sr isotopic values in the upper part of
the hole can be interpreted in terms of limited isotopic
exchange with seawater, which has a value of 87Sr/86Sr
of 0.7091. Assuming an initial basaltic value of 0.70265,
the present range of values in the upper basalts implies a
3 to 17% (mean 9%) contribution of seawater Sr. This
Sr must be located mainly in the secondary smectites,
which, together with minor iddingsite, replaces olivine
in the upper basalts. In the lower half of the hole the
basalts contain at least as much secondary smectite, but
seawater Sr is negligible. This indicates that relative to
the higher basalts, the lower basalts had notably less ac-
cess to unmodified seawater. This could be the result of
earlier filling of fractures, the lower flux of seawater in
the lower basalts, or the reaction of the lower basalts
primarily with isotopically modified seawater.

Pb isotopic ratios measured in 10 of the samples fall
within the less radiogenic portion of the field of mid-
ocean ridge basalts. The ratios define a linear trend in a
plot of 208Pb/204Pb versus 206Pb/204Pb and a roughly
linear trend in a plot of 207Pb/2%Pb versus 206Pb/204Pb.
There is no particular downhole trend in values. The ob-



served variation is rather surprising, in view of the very
limited variation in the composition of the fresh basalts
and glasses in Hole 504B.

BASEMENT STRUCTURE IN HOLES 501
AND 504B

The orientation of glassy rinds and the inclination of
fractures in oriented samples was determined for both
Holes 501 and 504B. In all, 6302 fractures were counted.
The rocks consist of alternating pillows and massive
flows. The same general patterns of fracture inclination
persist throughout both holes: namely, inclined fractures
are proportionally more abundant in massive flows than
in pillow units, but massive flows have fewer fractures
overall. The total length of oriented recovered rock on
which fracture inclinations could be counted was mea-
sured, and the average number of fractures per litholog-
ic unit was determined. There are, overall, 1.82 frac-
tures per centimeter of length of recovered oriented rock
in Hole 504B. Pillow units in general average one frac-
ture every 2 cm or less, whereas flows have fractures
about every 2 cm or greater. The thickest massive flows
have fractures every 3.5 to 4.5 cm. There is no tendency
for the frequency of fractures in the pillow units to in-
crease with depth, but there is some tendency for the
fracture density in flows to increase with depth. How-
ever, this may merely reflect the occurrence of relatively
thin flows deeper in the hole.

The orientation of glass rinds indicates that pillows
predominate in the hole, with few, if any, sheet flows.
Autoclastic breccia zones cemented by clays were recov-
ered more frequently toward the bottom of the hole, as
were hyaloclastites. It was not possible to count frac-
tures in such material. In all likelihood, however, this
type of material is more abundant throughout the hole
than is indicated by the recovery, and it is this material
that is primarily responsible for the porosity of the
crust.

BASEMENT PHYSICAL PROPERTIES, SITE 504

Basement physical properties measured at Site 504 in-
clude sonic velocity, wet bulk density, porosity, and
thermal conductivity. Seismic velocity was determined
with the Hamilton frame velocimeter from minicore
samples cut for paleomagnetic study; wet bulk density-
porosity samples were taken from the same piece of ba-
salt and analyzed using gravimetric techniques. Thermal
conductivity was, in almost all cases, determined for the
same basalt piece that supplied the minicore and poros-
ity sample.

Complete data and their interpretations are presented
in Karato et al. (this volume),

Wet bulk density ranges from 2.73 to 3.02 g/cc, with
an average of 2.9 + 0.06 g/cc. There is a general trend
for wet bulk density to increase with depth; values are
less than 2.90 g/cc in the upper part of Hole 504B and
greater than 2.90 g/cc in the lower part. Grain density,
which has a mean value of 3.00 + 0.03 g/cc and a range
from 2.92 to 3.07 g/cc, also increases with depth; values
are generally below 3.00 g/cc in the upper levels and
greater than this value in lowermost cores. Porosity
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ranges from 1.3 to 13.3%, with a mean of 5.0 + 2.2%;
it appears to exhibit a small decrease lower in the hole.

Thermal conductivity measurements yield an average
value of 1.67 + 0.09 W/m°C. The measurements range
from 1.47 to 1.87 W/m°C and exhibit no correlation
with porosity, density, or depth.

Seismic velocities average 5.75 + 0.30 km/s, with a
range of 4.40 to 6.34 km/s, and show reasonable corre-
lations with both wet bulk density and porosity; how-
ever, there is no obvious change in velocity with increas-
ing depth.

BASEMENT PALEOMAGNETISM

Sites 501 and 504 lie on a positive magnetic anomaly
that runs east and west, parallel to the crest of the Costa
Rica Rift. At this place, such a positive anomaly signi-
fies reversely magnetized crust, with a close relation be-
tween the nearly symmetrical anomalies and the causa-
tive blocks of crust. Since the inclination of the Earth’s
field at this latitude is low, secular variation is expected
to produce excursions to both positive and negative in-
clinations through time, so polarity of magnetization
cannot be determined from inclination. However, detec-
tion of a superimposed viscous component of magneti-
zation of opposite polarity during alternating-current
demagnetization often indicates reversed natural rema-
nent magnetization in samples of low inclination. Such
a viscous component was detected in the basalts of Sites
501 and 504, confirming the reversed polarity indicated
by the anomaly. If the revised time scale of LaBrecque
et al. (1977) is used, the age of the crust at the sites is 5.9
m.y.

A detailed account of the shipboard paleomagnetic
measurements is given by Furuta and Levi (this vol-
ume). Briefly, the results are as follows. Twenty-eight
minicores from Site 501 and 130 from Site 504 were mea-
sured for inclination before and after alternating-cur-
rent demagnetization, for intensity of magnetization, and
for susceptibility. Intensity of natural remanent magne-
tization (J,) showed a wide scatter of values, ranging
from 0.1 X 103 gauss to 30 x 10-3 gauss. There is no
systematic variation of J, with depth in the hole. J, is
much more closely related to grain size, with higher J,
values generally corresponding to the finer-grained ba-
salts and lower J,, to the more coarsely crystalline cores
of massive flows. A suitable mean J, for both sites
would be 5 to 10 x 103 gauss, depending on the meth-
od of averaging.

Inclination after alternating-current demagnetization
varies broadly with depth in the crust. In Hole 501 and
the upper part of Hole 504B, inclinations are generally
shallow, ranging from about + 10°to —20°, with a gen-
eral bias to negative inclinations. Deeper in Hole 504B,
inclinations become generally steeper, on the average,
with the maximum positive inclination remaining close
to +10°, while negative inclinations reach —60° or
—80°in parts of the core. The mean inclination is about
—10° in the upper part of the hole and —40° near the
bottom.

The ratio of remanent to induced magnetization (Q)
is generally high, as is usual in ocean floor basalts. It
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ranges from 0.1 to 108, with a mean of about 10, de-
pending on the method of computation. The value of Q
is generally positively correlated with J,, since the spe-
cific remanent intensity usually decreases, whereas sus-
ceptibility generally increases, with particle size.

Magnetic units were defined in Hole 504B on the
basis both of J, and inclination after demagnetization.
The latter proved to be a more powerful guide where in-
clinations are more variable (in the lower part of the
hole). Nine units were defined in this way in the upper
part of Hole 504B on Leg 69, and 15 units were defined
in the lower part of the hole on Leg 70. Boundaries be-
tween magnetic units often correspond to the lithologic
boundaries or zones of brecciation seen in the core.

Further discussion of these results and details of the
shipboard measurements are to be found in Furuta and
Levi (this volume).

DOWNHOLE MEASUREMENTS AT
SITES 501 AND 504

Logging

Logging runs were made in Hole 501 and twice in
Hole 504B, once at the end of Leg 69, when basement
penetration was 214 meters, and again at the end of Leg
70, when basement penetration had reached 561.5 me-
ters. The logs run at various times are listed in Table 3.

The porosity-related logs, such as compensated den-
sity, resistivity, neutron porosity, and sonic velocity, all
agree in identifying very clearly the massive flow units
and in showing the pillowed sections as being of higher
and more variable porosity. Zones of very high porosity
may be related to zones of faulting or brecciation in the
hole. The caliper log showed the hole to be close to bit
size throughout, but zones of relative enlargement of
the hole occur, which may prove to be related to litho-
logic changes in the section. The natural gamma count is
generally low, although there are small peaks (perhaps
related to K-enrichment) in zones of oxidative altera-
tion. A more complete discussion of the logging results
can be found in Cann and Von Herzen (this volume).

Temperature Measurements

The Tokyo T-probe/pore water sampler was used to
make four temperature measurements within the sedi-
ments in the high heat flow area, one in Hole 501 and
three in Hole 504C. The results are discussed in detail in
Becker et al. (this volume). The four temperature points
define a steady increase in temperature with depth, with
a decreasing gradient related to increasing thermal con-
ductivity. When appropriately combined, the mean tem-
perature gradient and average thermal resistance of the
sediments indicate a heat flow of 194 mW m~2, a value
in excellent agreement with the seafloor measurements
made during the site survey work. These measurements
show that the heat flow through the sediments is in con-
ductive equilibrium. The value obtained is in good agree-
ment with that theoretically expected in a crust aged 5.9
m.y. (Parsons and Sclater, 1977). The temperature indi-
cated for the sediment basalt contact at Hole 504B is
56°C.
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A total of eight high-resolution temperature logs
were made in three holes at Sites 501 and 504. Two pro-
files were measured in Hole 501, one 16 hours and the
other 45 hours after drilling and circulation had stopped
in the hole. Both curves are strongly affected by drilling
disturbance, but some thermal recovery occurred during
the 29 hours between measurements. Theory, such as
that of Bullard (1947), predicts much faster recovery,
indicating that Hole 501, like Hole 504B (Becker et al.,
this volume) was being chilled by a downward flow of
seawater. Similar downflow has been indicated at three
other DSDP sites (Sites 332, 396, and 456), which hap-
nen to be the only basement-penetrating sites at which
adequate temperature measurements were made (Hynd-
man et al., 1976; Erickson and Hyndman, 1979; and
Uyeda and Horai, 1982).

A temperature profile was measured in Hole 504A 28
days after it had been abandoned 12 meters into base-
ment after bit failure. Re-entering the hole disturbed the
temperature in the top 180 meters of the sediments, but
in the lower 80 meters of the hole temperatures had
nearly returned to equilibrium. The measured profile
shows temperature near the bottom of the hole to be 2
to 3°C higher than in Hole 504C, suggesting that heat
flow may be somewhat higher at Hole 504A.

In Hole 504B, two temperature logs were made at the
end of drilling on Leg 69. Another log was run during
Leg 70, 40 days after the last disturbance of the hole on
Leg 69. Two more temperature logs were run during Leg
70 after the hole had been deepened to 561.5 meters into
basement. The logs all indicate a significant downward
flow of water in the hole to depths of 365 to 440 meters
sub-bottom (90-170 m into basement). Below that level
the close approximation of the measured gradient to
that estimated by conductive theory strongly suggests
that downward flow is insignificant. The existence of
downward flow is most clearly demonstrated by the de-
parture of the measured gradient from the conductive
gradient established nearby in other holes even over a
period longer than 1 month. The rate of downward flow
can be estimated by using theory given by Jaeger (1961).
On this basis, the profiles measured on Leg 69 indicate a
downward velocity of 80 to 100 meters per hour (Becker
et al., this volume).

At depths greater than about 440 meters sub-bottom,
the logged temperatures, when corrected for drilling dis-
turbance, fall on a uniform gradient of 0.12°C/m down
to depths of at least 800 meters sub-bottom. Thermal
conductivity measurements on basement rocks yield a
mean value of 1.7 W/m °C, which, when combined with
the temperature gradient, gives a value of 204 mW m ~2
for conductive heat flux. This is in excellent agreement
with the measurements in the sediments and suggests a
purely conductive in situ thermal regime over the whole
section drilled.

The downward flow of water in the hole detected by
the temperature measurements requires an in sifu pres-
sure within the basement that is significantly less than
hydrostatic. Maintenance of the flow over long periods
requires that this extend over a relatively large volume
of crust. Both of these points are taken up in the next
section.



Flow Tests with the Packer

Flow tests were carried out with the Lynes packer at
two levels in Hole 504B at the end of Leg 69, when the
drill had penetrated 214 meters of basement (Zoback
and Anderson, this volume). The packer was set 172.5
meters and 3 meters above the bottom of the hole. There-
fore one test was within, and one below, the zone in
which water was deduced to be flowing into the base-
ment. The decay curves indicated permeabilities of 2 to
40 millidarcys.

Three other hydraulic characteristics of the basement
were brought out by the tests. First, extrapolation of the
pressure decay curves from the successful flow tests in-
dicated a pore water pressure in the bottom of the hole
at 214 meters into basement of 8 to 12 bars below hydro-
static. The existence of such a negative pressure had
been predicted from the temperature measurements.
Second, it proved to be possible to pump large volumes
of water readily into the basement at only small over-
pressures (15 to 20 bars). Third, it was not possible to
maintain excess pressures on the formation larger than
50 bars, even with the pumps running at maximum rate.
This behavior probably resulted from the opening of ex-
isting cracks in the rock when the lithostatic load was
exceeded, which occurred at overpressures of about 50
bars. The opening of the cracks greatly increases the
permeability of the rock and thus limits the pressures
that can be reached.

DOWNHOLE WATER SAMPLING AND
EXPERIMENTS IN HOLE 504B

Water Samples in Basement

Basement water samples were collected with a Gear-
hart-Owen downhole sampler (469 m), the Lynes pack-
er (476 m), and the Barnes in situ sampler (460, 640,
and 715 m). All the samples collected were diluted to
some extent by fresh surface seawater. Moreover, water
pumped into the hole earlier reacted quickly and exten-
sively with the basalts; hence, the samples recovered
were actually mixes of fresh and reacted seawater only.
No formation water was recovered (see Hart and Mottl,
et al., this volume). Samples were collected from depths
of 460, 469, 476, 640, and 715 meters below the seafloor
(185, 194, 201, 365, and 440 meters below the top of the
basement). All the samples had Ca and Si concentra-
tions greater than and Mg concentrations less than the
surface or bottom water. The molar excess of Ca over
bottom water values was the same as the molar deficien-
cy of Mg, just as observed in the sediment pore waters,
suggesting that the reacted seawater quickly came to
have Ca and Mg contents similar to the pore waters of
the basal sediments, as would be expected if the chemi-
cal reactions of seawater within the basement controlled
the composition of the sediment pore waters. The ratio
between the excess of Si above bottom water and the ex-
cess of Ca above bottom water increases steadily with
depth in the hole, reflecting an increase in Si in the re-
acted waters as the temperature increases with depth.
This suggests that the reacted waters did not mix well
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vertically after they were pumped into the hole. The
chemistry of waters sampled in basement is discussed in
more detail in Mottl, Anderson et al. (this volume) and
Hart and Mottl (this volume).

Oblique Seismic Experiment

The oblique seismic experiment (OSE) was proposed
to study the detailed structure of Layer 2 in oceanic
crust. Such an experiment was conducted at the end of
Leg 70 in Hole 504B. In an OSE, the noise signal from
shots fired at the surface at ranges up to 12 km are mea-
sured at an oceanic crustal borehole. The objectives of
the experiment include (1) determining the lateral extent
of the structure intersected by the hole; (2) analyzing the
role of cracks in the velocity structure of oceanic crust;
(3) detecting anisotropy in Layers 2 and 3; and (4) mea-
suring attenuation in oceanic crust.

The shooting ship for the Leg 70 OSE was the R/V
Gilliss, which sailed from and then returned to Panama
(8 to 19 December 1979). During the experiment, the
three-component geophone malfunctioned because of
low-resistance shorts in the bulkhead connectors into
the geophone and amplifier pressure cases (Stephen et
al., 1980; and Stephen, this volume). The malfunctions
could have been the result of connector faults or the
high temperatures encountered in the hole. The net re-
sult was that rather than having three geophone signals
(one for the vertical and two for the horizontal signal
components), the three signals were mixed with one an-
other. Consequently, only travel time information was
collected; the amplitude data were meaningless.

The geophone was clamped at 3790 and 4280 meters
below the seafloor. At each depth a cross pattern of
shots with lines oriented parallel and perpendicular to
the spreading direction in the area was fixed. Shots were
fired out to ranges of 12 km at a spacing of 0.5 km.
Three ocean bottom hydrophones were also deployed
during the experiment to obtain data for comparison
with the OCE data and to provide reverse profiles.

The travel time data are sufficient to determine the
velocity structure in the upper 1500 meters of crust out
to ranges of about 6.01 cm from the borehole. The
comparison of these velocities with laboratory data, log-
ging data, and regional seismic refraction surveys will
constrain models of crack distribution in upper oceanic
crust. Anisotropy was not observed in the travel time
data, which had a resolution of approximately +0.1
km/s. Since the amplitudes were not reliable, attenua-
tion was not measured.

Electrical Resistivity Experiment

A relatively large-scale electrical resistivity experi-
ment was carried out in Hole 504B after the completion
of drilling on Leg 70. The experiment, which is described
in detail by Francis (1982), utilizes a current electrode at
the bottom of an insulated cable that is attached to a
logging winch, with three voltage electrodes attached at
variable spacings above. The current generated aboard
the vessel is allowed to flow into the rock, and the vol-
tage drops due to rock resistivity are recorded on board
the ship. The resistivity structure in the basement sec-
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tion of Hole 504B was found to reflect the induction log
resistivity, although it was somewhat attenuated in both
magnitude and variation (Von Herzen et al., this vol-
ume).
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Information on core description sheets, for ALL sites, represents field notes taken aboard
ship under time pressure. Some of this information has been refined in accord with post-
cruise findings, but production schedules prohibit definitive correlation of these sheets
with subsequent findings. Thus the reader should be alerted to the occasional ambiguity
or discrepancy.
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CORE/SECTION 1071 10/2

SITE 507, CORE 10 3A731-3734 m [264.1-267.1 mbef)
Topmatt plece, Saction 1, b bloturbated burrowed limestons with
wmall (<1 eml chert nodules, the lowest sedimentary rock recovared
above basaltn

MODERATELY ALTERED APHYRIC BASALT

The core contists of basalt which is aphyric except for small plagio-
clese microphenocrysts in the finest grained [noar-glassy] pieces. Tha
rock has abundant fractures, mostly vartical and horizantal, filled with
both red and green clay minevals. Glesn ocours on the tops of pieces 1,
7, ered 21, on the bottom of plecs 20, and siso on pisce 33 lunori
ented), Ofiving, once present, i now replaced by clays. Alration
zones e adjscent 1o cracks in piece 30, vellowish gray nearest the
eracks, gray hurther into the rodk,

Thin Saction Descriptions

Sampls 10-1, 8—-10 cm, Placs 1: Saction through glassy pillow
margin into interior, with euhedral olivine microphenocrysts and plagio-
cluse spherulites. Smectites and pyrite replace olivine and 1l veside.
Serull of suhedral L and anhedral
wre scattered sbout.

Sampls 10-1, 120 cm, Piecs 16: Pillow nterior. The smction has less
than 5% euhedral clivine microphenoerysts (0.03-0.3 mm), and
20-40% euhedral 1o acicular plagicclase crystals arrayed in radisl
swarls. Cli and ara berwesn the
eryptallites; the latter has skeletsl mosphology. Oxidation v along
eracks, with Fe-ydrosides and clay minerals in cones of vesicles, ving,
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and replacing allvine. Green clays alse noour in vesicles or their outer
rima,

Sample 10:2, 74 cm, Piece 30: Pillow interior. The section is very
similar to 101, 120 om, but with slightly more spherulitic mesostasis.
Oxldstion Is developed in rarrow rones, with beight brown clays in
cores of vesicles and the Interior parts of slivine preudomorpha.

SITE 501, CORE 11 37343740 m (267.1-272.1 mbsf]
MODERATELY ALTERED APHYRIC BASALT

The batalt is aphyric {microphyrich, with glass on several pleces up
to 40, Below that, the rest of the core i one massive cooling unit. The
matsive materisl wai recoversd in orlanted sections; one sspecially
long one is in Section 2. Alteration is concentrated in zones adjscent
to cracks, whers ollvias microphencerys pssudomorphs repleced by
roddish clays con sosily be seen, There is no phece B8, inadvertantly
skipped during labsiling.

“Thin Section

Sampls 111, 85 cm, Pisce 49: Pillow rim. The section crosses three
zones: 1] glass, partly palagonitized, palsgonite Eergely smectites;
2] & 2one with stundant dark brown sphenulites cored with plagiociase
crystals, and associated minor [1-5%) suhedral olivines; 3] & zone of
coslesced spherulites with prominent sworls of acicular plagioclase.

Sample 11.2, 87 cm, Piece 67: Flow interior, The rock is holoery-
stalling, with bess than 1% oliviee microphsnoorystt up to 1 men in
diameter, about 50% plagiocisse crysals (0.03-3 mm), 20-40%
clinopyroxens {0.03—1 men), and 6-10% vtncmagnetite. Clay min-
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orals raplace olivine and fill vesicles and cracks, Fe-axyhydraxides are
amociated with clays near cracks, Vesicles have concontrically zaned
chay fillings.

SITE 601, CORE 12 37403747 m (273.1-280.1 mibst]
MODERATELY ALTERED APHYRIC BASALT

Tha basalt is aphyric [microphyric), with glass on saveral plsces up
1o 949, Balow that, the rest of the core is part of one single cooling unit
which extends nte Core 14, Olivine ervarals ars raplaced by smectites.
Glass end microphyric zones are alwo sltered. There sre marked akter-
ation pones around maost cracks which sre filled with various (R, G, C]
secondary minerals, These consist of a yeliow zone next to the cracks
arcund § mem thick, o rad zone about 4 mm thick, and unaitered basalt.

Thin Section

Sample 12-1, 74 em, Pisce 96: Pillow rim, Tha section i cut through
the margin of o pillow, and extends from the spherulitic 2one next to
glass 1o the zone of radlating aciculsr plagioclise crystali. Momt of the
rock (70%) is dark spherulitie metonass. Plgioclase [5-50%), cling-
pyraxens (1-5%], titanomegnetite (1-5%], and olivine (D.5—1%) sre
jpresent & tiny erystals (0.3-3 me). Clay minerals replace olivine,
Filll wesiches, and line crocks in the glasshest parts of the rock,

Sample 121, 128 cm, Pisce 103: Flow Interior, near upper edge,
The section is very similar 1o that previously deseribed, except plagic-
clase I more sbundant [10—-20%), and has 3 more uniform spherulitic
texture, Clay minerals replace ollving ared fill vesicles. They are bright
Ibrown in coloe rather than gresn.

Sample 12.2, 76 cm, Piece 115: Flow interior. The rock is hale-
erystalling, with ophitic texture, Plagioclsse (50%) is the most sbundant
mineral, and includes rare megacrysts iplameracrystal filled with glass
inclusions, Thess can be 3—10 mm across. Clinogyroxene (40%), and
titanomagnintite (5—10%) are ymalier. FAare vewcles are round and filled
with sragonite(?). Secondary minerals include green elays locally
oxidized ta bright brown cofors.

BULK ANALYSIS:

Core-Section 101 101 111 12 121

Interval [em) 1216 120-124 B5-8B 87-89 12-9

5i05 4964 4945 40.88 4055 18.23

TiDy 103 107 104 o7 .1

ll‘-rU? 14.95 1523 1473 14.61 15.40

Flzaj 126 10.60 nm 1188 1142

M o019 018 018 o1e 0.8

Mg0 788 .76 1.8 7.89 147

Ca0 wan 1220 1224 120 1190

NI?O 218 215 238 195 27
0.0 0.6 0.3% 0.42 035

Pl 008 008 0.10 013 0.a2

Total 06,63 o897 100,49 99.69 99,45

Lo 097 2.4 1.57 235 254

MAGNETIC DATA:

Cora-Section, Interval {em) NAM INCL. Susceptibility

101, 76-77 13970 = 35 1412

101, 18-110 34 - 53 1454

102, 16-18 2282 + 04 1563

111, 1418 2748 + 1.3 1466

1.2, 16-18 |y s 22 1860

11.3, 83-85 3280 +1085 1636

12.9,30-32 1210 - 25 1904

122, 10-72 1796+ 81 m2

PHYSICAL PROPERTIES:

Core-Section, Interval lem) Vi) vl GRAPE  Wer-Bulk

10-1, 108 5420 LREH 288 —

10-1, 108 531 - — —_—

102,118 5.56 - 303 2m

11,14 X1 —_— 292 -

113,63 g8 580 4,097

113,63 868 — _— —_

121,30 661 551 283 2B4

122,70 496 4.90 262 279

121
5882
50.27

1.14

10.44
015
783

11.89
249
022

100.18
118

Parosity

342

7.04
833
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CORE/SECTION 13h 13/2

SITE 601, CORE 13 37473750 m (280.1-283.7 mbal]
MASSIVE MODERATELY ALTERED APHYRIC BABALT

A continugtion of the mative flow whom top is in Cors 12, The
basalt b uniform, fine- ta medium-grained, snd moderately altared.
Olivine peeudamarphs (smectite) are rare (1% Vesicles are absent.
Yallow and orange oxidized zones adjacent to cracks at the top of the
core gradually nermow and darken dowmward, whers they are filled
malnly with gresn clays. Fractures, speced svery 5—15 cm along tha
core, are predominently inclined. The topmost piece in the core (120
s glass and apparently fall down the hole.
Thin Section Descriptions
Sample 13-1, 47 em, Pisce 122: Intevior of masive flow, The section
= halocrystallin, with sbout 50% plagioclass [0.3-3 mm), 20-40%
elinopyroxene (0.3-1 mm), 5-10% tanomognetite (0.03-0.1 mm],
and 10-20% and
isotrogic. Smctites partially replace the mesostasis snd olivine. Vesicles
105—1%) are lined with smectite. Late-magmatic pyrite graint ocour
In the mesostasis.

Sample 131, 147 em, Pisce 134; Interior of massive flow. The rock
Is nearly holocrystalline, with ophitic texture. Its mode & similar to
tha amols previoutly dascribed. The rock sppears mors altersd, heow-
mver, with no fresh olivine, and the central parts of vesicles and allving
pasudomorphs filled with light brown smectite and or iran oxyhy-
droxides.

Sampla 123, 112 cm, Pisce 144: Interior of massive flow, Similar to
131, 147 em pieca 134. Tha rock is ophitic. Olivine i complately
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conwerted into clays. Smectites ocour mainly in the centers of vesicles
ar olivine peeudomarphe.
SITE 607, CORE 14 3750-3759 m (283.1-292.1 mbef)
MASSIVE BASALT ABOVE AT LEAST TWO MODERATELY PLAG-
IOCLASE-PHYRIC PILLOWS

Sections 1 and 2 are the botom of the masive flow describad in
Cores 12 #nd 13. The rock is vory massive and medivm-grained. Pisce
147, howsver, sppear to have fallen from the pillow units sbowe the
massive Tlow, Alteration in the massiva flow s less than in Cores 12
and 13, and dominated by green smactites filling cracks, associsted
with minor calcite, At the bottom of the flow, reddish clays and/or
Iron axyhydroxides sgein ocour,

Tha pillovwed basalts [Sections 3 and 4] are modarately altered, with
green smectites, red smectites and/or iron oxyhydroxides, and no cal-
cite. Plagh i vets 2-3 mm ghaut, but are
et seen on liner-grained rocks. Saveral pleces have gliss on the tops
or sides, Piece 181 has an alteration rind.

Thin Section Descriptions

Sample 14-1, 61 om, Plecs 152: Flow interior. Tha rock Is holo-
erytalling, with doleritic texture. 11 has @ mode similer to holocrystal-
fine rocks in Cote 13. Ofive green smectite replaces ofivine and fill
vesiclas.

Sample 14-2, 118 em, Plece 170: Flow interior, The rock is holo-
crystalling, with doleritic texturs. t's mode i similar to sample des-
cribed in Core 13, Olive green smectite replaces olivine and filks vesicles,
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Sample 14.2, 146 em, Placs 175: Base of massive flow. Tha rock hat
intersertal texture, with 10-20% euhedral 10 selotal plagioclase crys
1ali {0.03--3 mm), and minar amounts of olivine and clinopyroxane in
8 spherulitic mesostatis. Green clays, pyrite, and Fe-oxides replace
olivina and fill vesicles. Clinopyroxene and plagioclase am locally
chumped In scattered micro-glomerocryits.

Sample 143, 135 cm, Plece 188 Pillow margin, The section is
predominantly glastyapherulitic, with 1-6% olivine microphenacryits,
10-20% euhedral, skeletsl, and spherulitic plagioclass crystals {0.3-3
mmam| and traces of titanomagnatite and Crapinel, Colariess mectite
and red Fe-ouyhydroxides replace olivine,

Sample 144, 21 em, Pisce 197; Pillow margin. The saction ix pre-
dominsntly glesy-spherulitic, with 05-1% olivine crystal [0.3-1
mm), 10-20% euhedral, skeltal, and spherulitic plagioclsw crystals
10.3-3 mm| and na resolvable clinopyroxens. Titanomagnetite and
Crapinel are present in traces. Colorless smectite replsces olivine,
Vesicles are absent,

BULK ANALYSIS:

Core-Secthon 131
Intgrval fem) 4748
S0y 4972
Tidg 1.06
AlyOy 15.01
Fey0q 1051
MnQ 0.8
Mgl B2
(] 1210
s} 213
Ky 002
Palg o7
Total 9809
Lol 1.61
MAGNETIC DATA:

Core-Section, Interval fom)
131,52-54
132, 16-18
141, 63-70

PHYSICAL PROPERTIES:
Care-Section, |nterval (em)
131,52
132,16
181,68
142,44
143,72
144, 20

141
10-35
50.06
1.04
1462
128
017

1227
209

0.07
100.11
113

INCL.
+ 90
#1056
+ 1.6
+137
+118
127

Vi
543
553
5947

551
T8

141 142
68—62 121-126
50.62 50.47
103 1.06
%72 1477
1nae 11.06
oar oar
857 178
1237 12.08
203 230
o002 ooz
o008 009
10079 8678
1147 Ly
Susceptibility
1780
1888
1744
1836
1488
B2
GRAPE  War-Bulk
2908 —
a2 —_—
p21] 203
aor 292
E2 -] 282
284 2m

172
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g ‘E § _E é i SITE 501, CORE 15 37583768 m (282.1-301.1 mbsf]
=1 e : -
g 'E g s 5 ‘g g g 2 H 'E § ‘E 'E B SPARSELY-MODERATELY PLAGIOCLASE PHYRIC PILLOW
2 ug E 2 & 3 2 28 § z 28 § ; BASALTS o )
S £ é B E S g g g £ g The rocks e ey fo-grained o lay with sphent i
E 5 z a z £ = b lites) visible on many pleces. Plagioclsss phenocrysts are 1-3 mm,
dz S 8§ < Gz & %< & 52 =0 & skelntal to cuhedral, some in clumgs, aod form §—10% of the rock.
= — = — | = The racks ar modsrately to intentaly sitered, with green clays, cal
a2 ] ] cits, and red clays andfor iron oxyhydroxides filling eracks, filling
) 1 = ,..C e m@ L1 1 vesicies, and permaating the growndmas. Glass margine ocour on the
d =1 mn / tops, bottoms, and sides of many pieces. There |5 no predominant
P |/ o * [5) - = Irdcture ol Formas i i yits are now
| m R 1 g g o x 1 replaced by clays.
s e “Thin Section Descriptions
S ¥ 4| %82 G‘%) = - Sampin 154, 18 em, Pisce Z52: Pillow intesior, The rock i inter.
‘ /J + 23— | / / sertal, with sbout 20-40% spherulitic mesostasis, 20-40% plagio-
) ] =0 a 1 clae (0.3-3 mmi, 5-10% olivine repleced by smectite (0.3-1 em),
Wz 4o [ fa =ssllo L] 1-85% u and 05-1% There are traces
we c - ‘/na i _Q(j 4 = ot Crapinal.
¢ o ; t E 5 ]
11 || ; 283| b.‘. T e = siTEs01, coRE 18 37683772 m (301,1-305.1 mbsf)
258 ﬁ -
/ G W b-—— f SPARSELY PLAGIOCLASE-OLIVINE PHYRIC BASALTE
s — = No glss margin were recowered axcapt ot the very top of Saction 1,
8 P Tha sequanca thus may be & flow or large pillov. The basall is sparsely
/ c g d phvyric, with about 5% plagioclsse phenccryits, including same clumgs,
#nd 1-2% alivine phenocrysts now replaced largaly by green clays.
] /E ¥ = Along crcks there are oxidation zonas earsisting of yallow, brawn,
or rod material, up to 2-3 e wide. Cracks are filled with green clys
/ = or calcite. Pieces in Section 2 have sphanulitic surface textures, and
| / / prabiably wire nsar glass mangine,
/ Thin Section Deseription
i f j a 4 Sampls 18-1, 118 em, Ploce 274: Pillow intarior, The tampla is hola-
. with about BO% plagioclese, 20—40% clis 1-5%
1; L c ;m =  olivine, 1-5% timnomagnatite, and traces of Crapinal, Crystaly are
euhedral or sibhedral, except for clinopyroxene, which is fan-phery.
| + - litle in part, Ti-magnatite is skabutal. Smectites, clays, and Fe-oxyhy-
) /] L droxcides replace olivine, The section cromes sn oxidation boundary in
/ - which beight yellow or brawn, rather than colorless, smectite predom-
/ T G i inates.
o n
P £ e -
“les A 5 L BULK ANALYSIS:
<] i ] coreSection 154 15.4 161 161
- ] Interval fem)  135-138 18-18  118-120 118120
& 4 [/ - =0, 4980 4858 4005 4937
? I ll/ TIO. oar ogr 0gs 086
s Al,& 1608 1582 1630 1629
/ L 1/ I/ J FeaDy 10,10 963 250 964
MnO 0.8 017 047 016
% A i 7 MaD 750 783 83 A6
4 ] A 4 co 1297 1300 1266 1269
g A | mepo 186 218 204 182
KO 0.5 0.08 008 004
A 1 4 e 0.07 0.08 0.08 0.06
A L] P Total @55 H4l 0078 0955
] ~ 23 180 240 213
/ 9N
# 4
m 1] E_ |__ n |_ ] MAGNETIC DATA:
Core-Section, Interval fem]  NAM INCL,  Suceptibility
15/2 15/4 16/2 15.1,22-24 1596 182 656
15:2, 28-30 1318 -188 484
15-3, 108-108 21,048 108 573
154, 2830 14788 4126 680
161, 116118 14357 —144 nz

PHYSICAL PROPERTIES:

Core-Section, Interval [cm) ¥ {1} Vi GRAPE Wat-Bulk  Porosity
15-1,22 Eair 661} 2683 284 472
15-2,28 6107 G685 282 287 258
15-3, 106 6087 63N 302 284 0.00
16.4, 28 S8 g3 M9 .75 528

181,116 6657 5887 304 2, 0.35
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CORE/SECTION 171 1773 1811

SITE 501, CORE 17 37723777 m (30515101 mibud)
SPARBELY PLAGIOCLASE-OLIVINE FHYRIC BASALT ABOVE
SPARSELY PLAGIOCLASE-CLINOPYROXENE-OLIVINE PHYRIC
PILLOW BASALTS

Plagiocime-olivina phyric basalt sxtends through Section 1 through
plece 306 of Section 2. It sppears to be part of & single llow, and i
moderately 10 intensely altered. Wide alteration zones jup to 3 em)

scroms, and traces of Crapinel. Vory pale smectites replsce olivine,
Sumple 17-3, 10 cm, Piece 315: A samewhat coarser-grained pillow
interior. Textura Is Interserialspherulitic with 10-20% plagioclass,
1-5% clivine, 1-5% clinopyroxenn, 1-5% titanomagretite, and tsces
ot Crapinel. Colarkess smoctites reploce olivine and 1ill vesicies in part
of the seciton.
SITE 501, CORE 18 I777-3786 m (310,1-318.1 mbat)

TELY PLAGIOCLASE-CLINOPYROXENE-OLIVINE PHY-

are devafoped next 1o cracks and fractures, which are filled with gr
clays and calcite. Olivine crystals are replaced by groen smectite, red
in the axidized zones.

The pillow basalts have
{E—10%], lessar olivine 11%) and scattered emersid gn

RIC AND APHYRIC PILLOW BASALTS
Portiont of taveral coaling units with glassy marging ware recovired
in this core, Plagiockss {1-5%), ofivine (1%) snd dinopyroxene [1%)

phanacrysts. Olivine it frash in several pieces. Glass rinda cecur on
saveral pleces, Alteration it less extersive than in previous cores, No
ahtarution rones ara next to cracks.
Thin Saction

Sample 17-1, 48 em, Placa 288: Doleritic flow intorkor. The sampls
b wbout 50% plagiociese, 20-40% climpyroxens, 1-5% olivina,
1-6% titanomagnetite, and traces of Crapinel. Smactites and pyrite
replace olivine and fill vesicles, Smectite is colorless except in an oxl
dized rone where it Is red.

Sample 171, 86 cm, Piece 282: The section is exsentially identical
to sample 17.1, 48 em, piece 288.

Sampls 172, 105 cm, Piece 309: Pillow margin, The sample it pre-
dominantly glassy-sphorulitic, with about 10-20% eushdral 15 skaletal
plagloclase eryeallites 0.03-3 mm long, 1-5% olivine 0.3-1 mm

p ¥ts aceur In most pleces exeapt 356-366 In Section 2, which
are aphyric. However, the upper piece of the “aphyric” cooling unit his
some phenocryets, hence the aphyric piscss may ba equivalent to the
phyric basaits, except for phenocrysis, The pieces are fairly highly
fractured, All are parvasively, moderataly sltered with green clays in
wesiches ol patchies, and replacing olivine, There are thick clay zones
naoit to glass on pisces 333 and 343,
Thin Section Descriptions

Sampla 18-1, 118 em, Piscs 346: Pillow interior, with intersertal
texture, The rodk hes sbout $0% spherulitic mesostasis, an eguivalent
propartion af plagi erystals {somne pi yits, soms acicular
in the groundmass). Clinopyroxene [1-5%) occurs as isolated pheno-
arysts, In clumps with and in the
netite (1-6%), olivine [1-6%], and Cripinel {troco amounts) alue
oocur, Smectites (green and bright brown| feplace ofivine snd fill

wesicles (ulso present in trace amounts).

Sampls 182, 31 om, Plecs 354: Pillow rim. The rock i predom.
Inantly glessy-spherulitic with B-10% plagloclase m acicular sworls,
and less than 1% each of euhedral olivine and dendritic dinopyraxana,
Smectites roplace olivine and glass, and fill small veins. A zeolite(7)
occurs In & vein with smectite. |t has low birefringancs (0.001) and s
twinned and sectored,

Sample 182, B9 em, Piace 360: Pillow Interior, subophitic texture,
The rock has 1-5% eubedral olivine up to 1 mm in slze, 20—40%

i up o 3 mm in size {including some phenacrysts), and
10-20% clinopyroxene crymals up to 1 mm, There is 1-5% titana.
magnatite. The remainder is spherulitie mesostesis, Green smectite
replaces olivine. Veins of iron hydraxides, including hematite(?) crys.
tals lnce the section .

BULK ANALYSIS:
Core-Section  17-1

Interval {cm] 8689

5i0, 50.00

Tioy 089

Al 1683
208 082

M 0.18

MgO BO5

Cs0 1283

N0 203

Ky 003

. 0.0

Total 9982

Lo 250

MAGNETIC DATA:

Cars Section, Intarval cm)

171,56-58

17-2, 8082

173, 116118

181, 116118

182, 136138

PHYSICAL PROPERTIES:

Core-Section, Interval fom]}

171,56

172,80

173,118

181, 118

182, 136

192,90

Vb
5.65

5.1

5517

18:2
W-37
4947
083
15.23
0.8
0.18

12564
199
025

INCL.
~140
=172
~136
.22
- 90

182 183
8993 100-103
50.63 48,97
102 0.
14.80 18,04
no2 wn
019 .18
1.7 8.5
1222 7
208 2m
0.3 o1
008 oor
10011 100.33
1.20 wm
Susceptibility
1104
L)
m2
1104
1280
GRAPE  Wet Bulk
293 288
am um
294 m
288 28
288 am
286 283

Parouty
243
037
859
i

394
542
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SITE 504 HOLE CORE (HPC) 1 CORED INTERVAL _ 10.0-144m SITE 504 HOLE CORE (HPC) 2 CORED INTERVAL 144188 m
g2 FOSSIL o FOSSIL
2 ; CHARACTER § g CHARACTER
-RMBEEE HE .27 z|
= |22]5] 2 S|l = GRAPHIC MR gl £ GRAPHIC
13 .‘.g 3 3 £ E LITHOLOGY LITHOLOGIC DESCRIPTION "L 'i§ i E H 5| E | umhology . LITHOLOGIC DESCRIPTION
A HHEHHBEE J R HEEHBEE + 3
= E H E g% = = “g’ al|% = !
ERHEEHE 3 R HEEHE 3
= 5] VOoID
Y
L ) sever SILICEOUS NANNGFOSSIL 00ZE g g SILICEOUS NANNOFOSSIL 00ZE
e e i i Tl T
=0 I ® Basic color: dusky yallow green [SGY 5/2) with variatiors . J& TR RN 5GY 572 ® Basic colors: graenish gray to grayish green, dusky yellow
y ek | t grayish olive grean and dark grayish green (BGY 32, S E T green [SGY 5181, 10GY 5/2-5GY 6/2).
Vo BaY B/ 10GY 512, 6 411, and 56 5/2). os—H= J—_I_J- ® Biomrbation modarate ta intense.
.l__I_.L m . 5G 41 * Bicturbation moderate 1o intana. " B AT PO _ o iy (N1 voroalis, gt o 3 e e
- * Gray (NG| stresks, spots, and sheded aress rofer 1o pyrite Pt R around or in burrows.
1 il Ugromeal 81 sround o in burmows. 1 Hw L .l._‘_ ! ® Prominant gray to light gray (N6—6) ash layer betwean
_l.."'..u. m  Prominent fight gray (NE-81 ash laver between 2.23- -+ {_"‘_L t 055-0.63 cm {responsible for core disturbance abave).
"I'.l. I 230m. H & -i-_l_-l- ® Zoophycus “spreiten” burrows betwsen 0.B0-1.70 m
- ® Gastropod or bivabve shelts st 2.53 m, included in burrow, A .| sevse- Ry
A - | 5GY 52 * Generally nannotosil > foraminifers: distoms = radiolar- iy e I 1) 10GY 572
e I s > silicofiagellates > sponge wicubes. S i f— SMEAR SLIDE SUMMARY
St i g g By
et 8 i SMEAR SLIDE SUMMARY 0= =i 5GY 52— g % g
11 EEE G el o 10GY 62 g 8
T — E a E s a ,:‘_‘ : ! BGY 5/2 3
=] 1+ 4] | BGY 5/1 -E
e b it BGY 572 ; 3 =7 ol Uy
arfhs LD C=H- - [ Yy ]
S P B AL g @ Y i i i
o = ok i o
£ i v ML f$ 5 8§ &®
% = Yo, _E 5 i 5 i a | % :’:_\‘.l_"'_a. !! veYa2 159 1100 270 340 CC
e B = el g a i f 5 ol g * g M . Feldspar w0 - - - -
i |« 2 dRtrat =50 | . 110 156 273 278 2145 340 CC 2 e .1 |y Pyrite - TR - TR 2
i_ e sgn b Feldspar . = 10 ¥ = w = 2 iy Pl )
. e n Pyrits w TR - - 3 2 2 ! minerals 2 - - - -
7 e By 5GY 52— Other haavy C=1= 1 i sGY 5 Caymivaaks - 5 15 10 2
~ L e 5G 52 minarats = = 0 1 = = < =2 Volcanlcglmws (it} 8D TR 1 1 3
_I: o] | Ciny mirerals 2o’ - - W - 18 ooy M, I 1! Cuborstevnapee. — 3 - - 10
H= o~ Volesnicgless () 2 2 B0 88 - 1 1 R Foeaminitery s 7 w1
e ML Zeolite W = " = s o e e m ol Calc.nannafossils — 45 B0 50 50
"_i'; | . Carbonate unspec. 10 5 - w8 w0 g i Distoms - ® B 15 15
IR g § Foeaminiters $ Y - = 7 10 5 S Radiolarisns 5 & 7 18
S || Colc.nannofossils 45 40 - - 57 44 @ == a1 M Bporge b 2 5 B TR
£ by = | saven Diatoms B - - 5 16 10 AT IR Silicoflageliates  — - 2 2 TR
Lo s ML ke Radiolatians B - - 5 B W e Mica 8§ - - -
o ey s Spongaspicules 2 1 - - 1 2 ‘_#Ld y =] H! BGY 611
i =1 L Sillcofiegellates 3 1 - = 2 3 5 b el ey .
2 ~ g -I-."'_I_ n Mica ks - - = TR - <1 = ] ] CARBONATE BOMB
+=0a sGY 52 =3, i
= ] TAANESONATE BOSE - =4 % 3, 4647 om = 39%
3 =05 1, 4647 cm fash) = 0% o T '
Lo 4] . 2,26-27 cm = 26% - - .
- PR S 5GY 5/2 Cm| A Pm Tl &
R e I T 5G 41 3, 46-47 cm = 1%
g [ St &
- — T BGY B/2—
cs om Am| o __-E}_:,_._._E *| sevan

$0S ANV 10§ SHLIS



0§ ANV 10§ SHLIS

SITE 604 HOLE CORE (HPC) 3 CORED INTERVAL _ 18.8-232m SITE 504 HOLE CORE (HPC) 4 CORED INTERVAL _ 23.2-276m
2 FOSSIL g FOSSIL
CHARACTER F CHARACTER
ga- é“‘ HEE gl GRAPHIC g Eu HELE HE
i Eﬁ g E E ElE LITHOLOGY LITHOLOGIC DESCRIPTION Ee Es H g 3 2l & Lfr':gﬂ;gv LITHOLOGIC DESCRIPTION
$SIENE1E1308) (8] 2 g N HHEHPINEE
g |a L E = |E |32 g @
R HEHE 3 SR E
a ||z a =
=] - = o
- 5GY 6/1
CLAY-BEARING SILICEQUS NANNOFOSSIL DOZE -I_-L- CLAY-BEARING SILICEOUS NANNOFOSSIL OOZE
A d
BGY /1 ® Basic color greenih gray to dark greenith gray (5GY 6/1- = J..'L. ® Basic color: gresnish gray—dusky yellow green (SGY &/1—
SHK... T 5GY 672); vavlations to grayhh grown (10GY 6/2), dark
05— ® Binturbation moderate 1o intanse. as—=", —I__I__I- greenish gray (5GY 5/1), snd olive gray (5Y 4/2).
® Gray (NS} wirasks, spots and shaded arsas refer to pyrite olr ® Bioturbation intense.,
saY 47 around o in burrows. == 4.1 i ® Gray (NS) stresks, spots and shaded areas common, fofer
1 ® Prominant vartical burrow betwean 0650050 m, 1 = "‘J_‘ o pyrite in and anound burmows,
== s M L
SMEAR SLIDE SUMMARY 3 i By BGY 51 SMEAR SLIDE SUMMARY
10 5 O e I T
SR 5 g Mgl
5GY 5/ 2 .n_L 4 X § i
D= =1 W
2§ 2§ =§ =i - 5Y 42
iR S | 5 hllh
S T
5E 5? rg j i Raaeeth N (1) ig
sGY 8N 8 f 6 § i sav z
184 260 2142 380 CC LA ltt 8% 5 &
Pyrite TR TR TR 1 1 ® L= = J__J.._L. 1740 380 370 CC
Clay minerals 15 0 W W0 2 8 @ &L_L i 5GY 672 Pyrite 2 TR TR TR
;- P Volcanie glass 1) - — 2 1 TR é == J_—l- Clay minarals 12 7 8 12
g Zoalites ™ - = - = 22 i taq | sevan Volanicgus ) 2 TR 1 TR
& 'g 2 Carbonete unipee. &  — 3 2 5 = 2 'L.u_I._J"_L Carbonate unspec. B 5 6 3
2|3 A Foraminifars 5 7 6 4 2 2|« 2 = i e Sy I (131 Foruminiters 6 5 10 2
E & =] Cale, nannofossils 36 35 35 48 54 ol gL it Cale pannofomsils 40 56 45 85
- Distoms B 0 14 18 0 e =LJ_J.. Distorns 2 1 18 10
B S L Ractiolarians wow 1w oz oW a1 Iy SGYAS2  Rafipiss 12 0 15 10
- Spongespicules 1@ 5 4 2 2 ) ey Spongespicules 3 2 3 1
alalig i Siicallagablates 3 3 4 B & NEeTE H] Silicofisgelsts 3 1 TR &
BGY 5/ Rt Jori - e = TR
'_'_(a.nu_.l W, 511 o] (i Chjoitis
Pl = .
= n CARBONATE BOME T |
gl ! 1, 4647 em = 42% 1, I | CARBONATE BOME
=] i gy Mol i 1,96-97 cm = 14%
L, 4 3,76-1Tcm=47% P PRy 2,06-087 em = 15%
o = | 2,06-87 cm = 51%
e m . I Sl BGY 5/2-
LT S T St \ 106Y 52
i sGY 5N o ;J_'I'_l.‘ HH
1 it 3| O
3 'J_"-.i S e S -
o el
e .L'J NS _L_L'
- VN 'y I P
J..J o e 1
3 B M= -l J.._L
] 5GY 6/1 AmiAs [Ps [Pm| [cC 0.2 Sty |} *| sever
a‘ — 1w
km Ag |Cm |Pm ““.}_




LL

-] CORED INTERVAL  32.0-384m
SITE 504 HOLE CORE (HPC) & CORED INTERVAL  27.6-320m SITE ‘;”‘ Ho::ss"_ CORE [HPC)
= oL ; CHARACTER
H CHARACTER x
3 E AE z| @ § Bu|B| 2|2 gl & GRAPHIC LITHOLOGIC DESCRIPTION
§r— EE = § 2 E - |.|'mou'.[§v LITHOLDGIC DESCRIPTION li E§ ; § i 5 w LITHOLDGY : ’
12 2= 5 | <
PESFS H R gL Bafz g £21E7 55|23 (8) |%|% J
S H -] = E |& ! alE C
= 18 [3]3)3)z : MHHHE 3
3 2 B El
E=| i B : =]l
= SILICEOUS NANNDFOSSIL DOZE
e SILICEOUS NANNDFOSSIL OOZE J'i‘ \
H ={,.:._|_-L_|. cy Cm| - =] m ® Basic color: duiky yellow gresn—grayish yellow green
o )| | 1 ® Basic color; greenish gray 10 dusky yallow green (SGY 1 =05 L] i RS (6GY 6/2-6GY 6/2),
IR i W Gl By /1 10 5GY 8/2), - L 1 * Bioturbetion moderaty to intense,
-
g I A I ® Bioturbation moderata to intansa, Eo ® Zoophycus "sprelten” burrows fraquent between 0,30~
05— e
_y*_l_*_‘], ® Zoophyout “spreiten” burrows frequant between Z.40— - 'I'.I..' 250m,
E =L 1" 350 m. i T ® Gray (NS] stresks, spots, and shaded sreas sround burrows
1| et SGY 6/ ® Gray NS} strasks, spots snd shaded aress sround o in 1 e el . rater 1o pyrite,
o buxfinks e pyrhy 3 St I L ® Femarkable “haos” around burrows betwesn D.77-081,
Ral o 1 ® Prominent ash layes between 113115 m, gray (NG, §- 0 i ot
o el S B | 104 o b 5GY 672
i’ B B i 1 O== "4
2/ Mlopligy . SMEAR SLIDE SUMMARY 2 == 4 |l SMEAR SLIDE SUMMARY
i Sy = = :L-I-. T ] &
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SITE 504 HOLE CORE (HPC) 8 CORED INTERVAL _40.8-462m
504 HOLE CORE (HPC} 7 CORED INTERVAL _ 364-40Bm M FOSSIL
B FOSSIL i g CHARACTER
£ | _cnaracten FREMAEE &l 2 | orammic LITHOLOGIC DESCRIPTION
EMEAHE 3| & GRAPHIC LITHDLOGIC DESCRIPTION R E s F g § [ umwooay b 3
HE L E| E | umoloay o ” g3 £°|3 HE g E a
E |g|c ; Bl = = S ol || 2 g5 E
g ilz 5 « ; ; & “|lz|=|8
= § L1 L = o= i T nr E v_u.q-x_:_d_ SILICEDUS NANNOFOSSIL DOZE
= T
e |pm -l e B SILICEOUS NANNOFOSSIL ODZE ca| |om T R R R
¥ SR ey e Iron L Hor ® Blonirbetion Intanse o madarute,
ST oH H : amm.:‘:'“ ::n_-m. SR +F 31‘4_'_‘_"'-!-' ® Zoophyous “sprvinen™ burrows benveen DEG=1.06 m,
Zoaphyous “christmas between _ ] ophiy
e ML g e e napig Tl Ky *7] {‘ir_.__L__l.._ . Nwr:ﬁ;?lﬁum spots, and shaded aress sround or in
o 330-375 m (mainly Zoophyeus “spreiten’” burrows), eyt U | Gray 3
o struaks, spots, shaded areas sround or in “Er BGY B/2 Ibuirraws refer 1o pyrite.
T I 5GY 612 e L e R ® Elliptical burrows concontrated around 3.15 m.
" pyrite. i o 1 i of burrowing.
! ":.::"' W 10l a7 Beetion 2 e by Siwashiog |7 bouirmg): ‘-4_1- I @ Siight variatians on baslc colars as a result of burrowi
[ =
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1 1
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i ) Clyminersls 10 10 7 £ 1 i s 3 s T TR
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SITE 504 HOLE CORE (HPC) 8 CORED INTERVAL _ 45.2-49.6 m SITE 504 HOLE CORE [HPC) 10 CORED INTERVAL _ 49.6-54.0m
g FOSSIL g FOSSIL
= § CHARACTER - ; CHARACTER
- EAE $ z| 2 R EMOE z| 2
2 |8 ol g GRAPHIC EH 2 e GRAPHIC
1';' E§ E E : £l & | umoroay : J LITHOLOGIC DESCRIPTION ‘f‘?" ,;E ; g E £| & | Liiotoay s LITHOLOGIC DESCRIPTION
R HEHE 8l 3 =3 A EHEH LB £ FE
1= o =
ERHEHE T SR g HH T EE
ST I Voo
Ha+a+ SILICEOUS NANNOFOSSIL 00ZE = SILICEOUE NANNCEOSSIL OUZE
Fo=fata TR )
B } 1t ® Bailecolor: Graanish gray (SGY 8/1). Tl T ® Basic color: dusky yellaw green o light olive green 5GY
-+ Tt I | # Bloturbation modorats batvmen 0.00-1.40 m, imense _I_J_J__l f 572 1o 5Y &), with varistions towards grayhin valiow
os— = S between 1.50-4.18 m. 05— ) green (5GY 7/2) and light olive gray (SGY /1), us & resutt
Pm|  |Pm I e B 1} ® Zooghyous “spreiten” burrows sbundant betwesn 1.80— i of burrowing,
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1 - AL | ® Gray (N5) siresks, spots, and shaded sress Bround of in 1 g Syt by ® Prominent Zoophyc “spraiten” burrows betwsen 196
g5 0l gty 1 I burrows refer o pyrie. i ol By 2.20 m and 3,00-3,70 m, subhorizontal,
A=l Hi L | ® Gray (NS) stroaks, spots, and shaded aess around or in
Y _LJ._I_..r i SMEAR SLIDE SUMMARY s b 10— _L_L_L_-l' burraws refar 1o pryrite.
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H g n Radiatarians 7w 3 B e o A
« - _L_l it Silicafl ”.l‘:.: : : : 430 -l-J__-'—- . Radialatians 3 6 10
3 L l=b " M - - T )] iy I 11 syen Sporgespicules 5 5 4
= > 2 byt Bl Silicotlagatlates 2 2 2
el {ead BT | e
] ::‘:;2 el i By (g | CARBONATE BOMB
1 TC ST 122123 cm = 3% iy - 1, 136137 cm = 57%
o £ S S i1} 2, 9687 cm = 54% o Bt I 111 .
oy - L 3,86-87 cm = 25% 3 o 2,06-97 om = 34%
AT i el Bl 5GY 512 3,46-47 em = 36%
o 2 T I I e e
_|Z J":""t wl Pm|Pm [Cg [Pm| |G A
B & o St B
s g Bt B
_HF i
E, 0 i
-+ _I_'I-_I_'J"
= 5 i Sl By
Pm | Pm [P - . }
Colpm|PmiPm| ool AT A

¥0S ANV 10§ SH.LIS



504 HOLE CORE (HPC] 11 CORED INTERVAL _ 54.0-584m SITE 504 HOLE CORE (HPC) 12 CORED INTERVAL  BB.4-628m
[ FOSSIL | H FOSSIL
; CHARACTER "~ ; CHARACTER
e [elale z| » g lzule 3 gl g
EH 2| & |  GRamic LITHOLOGIC DESCRIFTION celfgls ] : 2| g | Ghamc LITHOLOGIC DESCRIPTION
R HE 5| E | urHowoay EHEEEHEE §| E | wmoioer
A HEEIHEE 3 2 1" 5] 5[218] |82 R
@ z £ = E Zls|= =
S 5|3 2|1 3 HEHEE £
= HEC 5 = Zl=|5 3
I = =
o=l Tl [
7 P i SILICEOUS MANNOFOSSIL ODZE Bl SILICEOUS MANNOFOSSIL DOZE
. =L
=L ® asic color: dusky yellow green o grayish green (BGY FHoal i g;?‘:‘ ® Basic color; dusky vellow green—grayish yellow green
L 672 1o 10GY 5/2); variation towards grayish ofive green o PR TR [BGY 5/2-BGY 7/2); variation 1o BGY ¥2.
4 [ [ at310m, o5 AL = {0 * Hoturbation moderate 1o ntense.
- i 5GY 52— o SANUIERHION MONY LM, = e iy (o) # Prominent Zoophyeus “spreiten” burrows betwesn 1.80-
T ML teavse ® Zoophycus “spreiten’ burrows betwaen 0.40-0.70, 1,10 =S - 2,40, 2.90-3.20, 8,00-4.20 m, subhorizontsl,
1 _L"' It 1.40, 2,90-3.20 m, subhorizontal. 1 T Q..I._L_I_' ® Gray [NB) wireaks, wpots, ard thaded aress [somatimes
=L ® Dark grayish (Nd-5] sresks, spots and thaded sreat in - 1’: Ty _|_‘° “halos™) arour of in burrows refer to pyTite,
-l-_L and arcund burmows rafer 1o pyrite, ~ J\._L-L_J_' o]
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e RRL § }_"n—’- -y ] i BGY 672 g 3 i
1 - 1) it -
= i i i = CI‘-"'-’ "l.— EE ! BE
T T p— P
Bp = L= 1 (- E
"'__t i 56 512 i s E E _t.i. " 5GYE2 B2 1 ¢ H
e I 1 f i i Ll ” i i 1 E i
T - o e Fio:
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g == Foraminifers 5 8 1 e I L1 IR Carbonate urspec. 10 10 15 10 10
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ITE 6504 CORE [HPC) 14 CORED INTERVAL  67.2-71.6m
SITE 504 HOLE CORE (HPC) 13 CORED INTERVAL _62.8-67.2m Sk 3 "°::ml gl
2 FOSSIL CHARACTER
z CHARACTER 3 5
5 g e z| o - EMAEE El 2 | onamic LITHOLOGIC DESCHIPTION
. |6u|E|F|% 2l & ARAPHIC LITHOLOGIC DESCRIPTION = EEIEEIE E| E | umvolocy
B i H E LITHOLOGY LE|eR|z]| & 3 AR 2
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I 3 ; = ! E E g § g i :
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ERHEEE 3 B 3 L...'
i L CLAY-BEARING SILICEOUS NANNOFOSSIL ODZE
e 5GY 572 CLAY-BEARING SILICEQUS NANNOFOSS1L DOZE 10
i & Baic color: 0.0-3.35 m - dusky ysllow green—grayish 40, ® Basic color: dusky yellow green to dark olive snd alive
yellow green (5GY 6/2-5GY 7/2) and 3.36-398 - 1o [5GY 62 1o 6Y 372 and 4/2],
i olive (5 4/3-5Y 4/4), | l * Bioturbetion modsrate 10 mtenss,
. 5GY 712~ * Bioturbation modarate 10 intena, ala'] ® Subyortical burrows sbundant batwesn 3.30-400 m.
i 5GY 672 ® Zoophyeus "spreiten” burrows batween 0.75-1.06, 2.20— el |em i, sy an b e i Tt
2,60, and 3.30-3.70 m. = 1 i t ® Gray [N} streaks, spots, and shaded aress (sometimes
i ® Prominent vertical hurwwum;:ll.lﬁ-lm m. é | “halos”) In and around brrows refet 10 pyrite.
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prosrs SMEAR SLIDE SUMMARY X Ewl W i §
wml | sever ; =l ! i i
i § § 2 = T § 28 2
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SITE 504 HOLE CORE (HPC) 16 CORED INTERVAL _ 76.0-804 m
c) 15 CORED INTERVAL _ 71.6-76.0m = s
SITE 504 HOLE CORE [HPC) 5 CHARACTER
A FOSSIL ¥
£ | cuanacten - EBEE 512 | crarmic LITHOLOGIC DESCRIPTION
= o (853 E =
MEAAERE |2 | onaem LITHOLOGIC DESCRIPTION HEIHHE G| § | vmowoey 3RS
e |22 a < el usle" 1§ g a | = =
T |EE|E 2 E LITHOLOGY g 2T E | 3 E
S HHHAREE a AHHHE =
F |z § Bls 5 —i I o[ sevsa
& l% § HE g -I'J- I H CLAY SILICEOUS O5SIL DOZE
e Ty
j_'..a.: i CLAY-BEARING SILICEOUS NANNOFORSIL 00ZE L i ® Basic color: dusky yellow green—olive gray (5GY 6/2-
- i dark olive (5Y /2], olive gray
pus : — prayish olkve green (SGY 32); 4 257 32— 8Y 4/2), varistions 1o dur .
o I ® Eatic m.mﬂf-;llf;‘“ e ‘:,‘,‘:; o ADO M - SYan [BY 5/2), and ety dark grayish beown [2.5Y 3/2),
] ! dark grayish brown (5Y 4/2 to 2.5Y I o Blotirbation, st o i »
=] alive gray to very durk gray =, ® Gray (N5} sireaks, spots, and shaded arees in or mrou
L ). L tite.
. By 472 butrows reler 1o pyi
:_I.: i < . :':,Nxs?mx?;wn. i S e 1 ] __I_: i * Scattored foraminifers visible.
1 i 5GY . A Mhaded 1,
] o1 10 pyrits,
o] M. Ot il i LB __._t " SMEAR SLIDE SUMMARY
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et [tH Cale, nannofousils 45 83 45 MATL sY4R Fadiolariant
i Distorms % 158 bl Spongespiuls - 3 10 3
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SITE 504 HOLE CORE {HPC) 17 CORED INTERVAL  B04-—848m SITE 504 HOLE CORE (HPC) 18 CORED INTERVAL B4B-—B82m
= FOSSIL s FOSSIL
- g CHARACTER ; CHARACTER
L EITEET T 13 2 | onsewe S IEGITETIT T 12l 2 | anwme
TS |EE|E z E| & LITHOLOGY LITHOLOGIC DESCRIFTION & ;§ z | E LITHOLDGY LITHOLOGIC DESCRIPTION
wS|3N] 2 < g 5 2 Zl= & b &
: |E -] E I = H g £ al 5 £
g |5 ; I ] 5 = HEHH 5 g
2 |2|z|2]a 3 = E 3
S (] =i
Tt he = g ' 5Y 372
- O BY 4/2 SILICEOUS NANNOFOSSIL OOZE TO Oy 5Y 3/2—472 CLAY-BEARING SILICEOUS NANNOFOSSIL OOZE
St T S
Ty ! s CLAY-BEARING SILICEQUS NANNOFOSSIL ODZE R TR
v Iy ’ B 5V, L By * Baiic color: dark olve gray-ollva gray (SY 32—4/2)
|._I_.J._j: H ® Basic color: 0.0-3.20 m — olive gray 1o alive (5Y 4/2, =L+ 4 ] 0 dutky yellow green—grayish yaliow gresn {EGY 5/2—
05— Bt e 5/2 to 5Y 4/4); 3.20-4.24 m — olive to vary dark gravish as— =, - 1 6/2), with waristions of moderats olive brown—olive (5Y
LT brown (5Y 4/4 to 10YR 3/2); intercalation of fight aliva Ny P N eaadoc 4/4-4/3) and light olive gray (5 B72).
LJ-‘J_-H aray (5 6/2) batween 0.25-0.36 m. o0 ® Bigrurbation maoderste w Intense.
1 II:_I__LJ_ W » Bioturhation moderats to intense. 1 T, -‘-I-.I_-‘-.L BY 4/4 ® Gray (NS} strasks, spots, and shaded areas in and around
- T s ] burraws refer 1o pyrite.
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i  dhe oy 5Y 4/2 swo—Eo= ) W SMEAR SLIDE SUMMARY
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T L Carbonate unspec. 6 — 5 F AL e
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ITE 504 HOLE CORE (HPC) 20 CORED INTERVAL  93.6-88.0m
SITE 6504 HOLE CORE (HPC) 18 CORED INTERVAL 88.2-836m i ey
g canoasiL " ; CHARACTER
ACTER B z
§ 3 ARE Zl & E» Gu|813 H o .;3. GRAPHIC 5 LITHOLOGIC DESCRIPTION
g, |BulE| 2|4 2 & arapMiC LITHOLOGIC DESCRIPTION '3 EE £ H E| £ | uthoLosy
'Eiéigi 5§ | vmowor R, S HHE AR 3 TH
w3 e ul= = | |3
S HHEHBE g N BHHEHE 3 -EH
. HE = HEE
S |5 2= E
5 |2|2]2]|5 — %-:—I-:_"-I' { Y 672 SILICEOUS NANNOFOSSIL O0ZE
= I . o
TP A ] I H SILICEOUS NANNOFOSSIL 00ZE Fr= 4 BY 612
Ha = 3 G e ® Batic color: geayish yellow green to light olive gray (GY
Rl ST oy e ® Basic color: ollve gray (BY 5/2] with varistions to olive gray N el ! B2-5Y 82}, )
=4, 4 Evanr and light olive gray (8 4/2 snd 5¥ B/2); from 0.74— 150 Tol= o * Blonraton modarte 0 intrae "
195 e I 11 m transition from dark grayish brown to olfve gray (25Y os—p T ) " * Zoophyeun “tpraar” burows fsque bervsen 3
B Bl 4210 5Y 572), N P gt 4.30 m, grayish yellow graen )
Py T L= # Blowrbation modsrat 1 intene. 13 J:LJ_J' 0" ® Gray (NS stresks. spots, a5 wall a5 rinds around burrow
1 U_-l\-a_'l__ & Gray (N5) suresks and spots refer to pyrite, 1 s BGY 6/2 "I-h;"rufulr.!wnn. -
P e B 25Y 42 ® Shell fragment a1 0.33 m. S n ® Burrow “halos” &t 1,03 m and 2.76 m.
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it o SMEAR SLIDE SUMMARY e e o o N T SMEAR SLIDE SUMMARY
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SITE 504 HOLE CORE (HPC] 21 CORED INTERVAL _ 98.0-1024 m SITE 504 HOLE CORE [HPC] 22 CORED INTERVAL _ 1024-106.8 m
= FOSSIL o FOSSI|
é ; CHARACTER wol] s CHARACTER
L4
M AE 2|l » 8 |zulels z| @
ow @ ) =
SE|EE| § 2l'@ | Smane. LITHOLOGIC DESCRIPTION EEHEE i 2l | Soarc LITHOLOGIC DESCRIPTION
Z|=8 E ol W - BHEIEEE 5| & | wmoloay z
353583 8= £ EE g2 1E% 5 512 [2] |%] % E
2 H E
£ HHEE E i S HE E 5
= HEE B = HEIEIE E
e S —
T
My ! CLAY-BEARING NANNOFOSSIL DOZE SILICEOUS NANNOFOSSIL MARL TO
L = ! Sk CALCAREQUS SILICEOUS MARL
b 0 it gl | ® Busic color: 0.0-140 m — greenish gray (BEY BA1); i
R 4340 m 150-4.66 m — oliva 1 light ollve gray (5Y 4/3 10 6Y - ® Gaiic color: greenishgray (BGY 6/1) with gradational
G os—nd B/2), with variation to light gray (5 7/1) batween 350 d H changes into ofive (5Y 5/4—4/3-5/3).
..\":l-_l_h-l-'L'-l 1 400 m, = | s ® Bioturbation moderste 19 intens.
o et B I ® Bioturbation moderate to intenss. ] | (it ® Gray INS) stroaks, spots, and shaded arsas in and around
1 -U-I—-L-I-.-L.L - EGY 81 ® Zoophycus “spreiten” burrows botween 390-4.40 m, 1 - m Burrows rafer to pyrite,
B T, | wubhorizgntal,
o Y ! ® Gray NS) strvaks, spots, and shaded areas in and around - SMEAR SLIDE SUMMARY
o == burrows refer to pyrite. = 1],
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& H = ] i sven Cliymiash - 30 30 Ao | i churieb ¥ 5
5|8 § | =] Volanicglsss i) TR TR 2 ] i u:‘::: e B e
& i _:_._ il 5Y 4/ c-mu‘ b 3 ? _\_-\-rdL_‘ 1" il il L
e = - w10
g =14 i Calc.nannofossi. 50 43 30 =1 |y x::::m 3
i L, |l Distoma w1 s == Silicoflagatiaes 3 3
z QJ vain Radiolsrians 5 8 10 Ay sYsA -
- e Sporgewpiculs 5 2 2 D= d, BGY 8/1
4t:-1.. Hi BYeR Silicofiageliates § 3 & Pm|Cm Gy |Gm|  [CC i B L CARBONATE BOME
&. pu 'I 1, 4748 em = 31%
| 2,47-48 om = 4%
=0, 4 CARBONATE BOMB
" c=4 [u 1. 4748 cm = 59%
= Eores i B I 2, 4748 em - 39%
¥ O e o 1t 3, 4748 om = 50%
3 -
H
L]
W
. - [
L]
] it syan
—: .
] (!
emem [ g jom i |

#0S ANV 10§ SHLIS



98

SITE m HOLE CORE (HPC) 23 CORED INTERVAL  1068-1112m SITE 504 HOLE CORE (HPC) 24 CORED INTERVAL  111.2-1168m
& FOSSIL FOSSIL
" g CHARACTER - CHARACTER
R EMAE z| @ g lzulz]z2]2 z2l e
SE gz|s g § E o LITHOLOGIC DESCRIPTION A IHEIE g g | [BRAMIC, LITHOLOGIC DESCRIPTION
< z < z w
A HEEHBEE £ FE £E133)1208 5| ® 5 EH
£ |& g|E B Z |& g B §
HHHE TEH AHHHE :
- voIio
0 SILICEOUS NANNOFOSSIL MARL W CALCAREOUS SILICEDUS MARL
= =I‘.|_ ® Basic color: ofve gray (BY 672} with transitions into it ® Basic calor: greanith gray (SGY /11 with transitions into
gt S 1 Tight olive gray to light gresnish gray (SGY &/1 to BG 7/1). alive gray (5 6/2) and grayish green (5Y &/1).
] L o
os— == ® Biaturbation moderats to interss, ] ® Bioturbation intense.
@ ' ~ . ® Prominent burrow “halo" at 1,03 em. 1
] b ® Gray (NG| stroaks, wots, and shaded arass around or In M
E 1 i e B HY1 burrows reter to pyrite, : sGY 611 SMEAR SLIDE SUMMARY
: £ i
s D= == i SMEAR SLIDE SUMMARY i
g s 18 === = o i
e g P i
Mo l i E i - B i
=T | : -
e I 5GY 8/1— £ I i
O a7 < t H
oy T 1 5Y 52 P
m ™ et 62
fmiCm Ay Jom)  |CC) T z " 180 11189 250
Feldfspar T TR -
. i Pyrite 2 8 TR
a0 Other heavy
Pyrite 1 i . minerals ™o -
i Othar heavy 0 Ciay minarals 4 40 80
minerals ™ it Volesnic glasa (1) 1 2 TR
Clay minerals 40 saven Cutorsteurapec. 5 3 2
Volcanic ghaas (it} TR Foraminifers - 1 2
Carbonets urspec. 3 Fen{ G g |G| Lok Cale. nanncfassils 16 10 10
Cale. nannofosslls 25 - Distoma 18 o 10
Distoms 10 Radiolarians w w8
Radiolarians 10 Spange spicules 5 5 1]
Spange spicules & Silicaflagellates B 5 3
Sllicofiagellates 6
CARBONATE BOMB CARBONATE BOMB
1, 4748 om = 14% 1, 4748 cm = 55%
2, 4748 om = 48%
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HOLE CORE (HPC) 256 CORED INTERVAL  115.6-1200m SITE 604 HOLE CORE [HPC) 26 CORED INTERVAL _ 120.0-1244m
g FOSSIL 2 FOSSIL
5 CHARACTER - g CHARACTER
GuwlE]|3 AR 8 |= FE @
22|81 5 H g9 £ GRAPHIC S, |Eu|gl2 gl g GRAPHIC
£8|% : G| § | umotosr | LITHOLOGIC DESCRIPTION i '2§ £ é E| & | divorser LITHOLOGIC DESCRIPTION
§ HHE £ (=] ® +TH A HEFHBEE $+H
2ls E ! F |a |3 o]
EHHEHHE 3 HHHE :
oy
cm| |Pm == =al Vol
-
= . & L cLay. SILICEQUS N, 002E HE =Sk SILICEOUS NANNOFOSSIL O0ZE TO
J:-:L i I " TO SILIGEOUS NANNOFOSSIL MARL oS AL CLAY-BEARING SILICEOUS NANNOFOSSIL ODZE
= A, L e .y
= 4 ® Basic color: grayish-green (5GY 8/1) with wransition Into 4 o It ® Basic color: greenish gray to light olive gray (5GY &/1 to
05— 'n'l_.'L.L m olive (5Y 5/3} between 1.50-2.00 m. 05—~ e BY 8/2).
e ® Bicturbation intense, R ST ® Bigturbation intense.
M = - N
ray 1 == v X
4 o= S ® Gray (NG} spots, streaks, snd ghaded arsat around and in At ul ® Zoophycus "spreiten” burrows betwesn 150-3.10 m
=L ) sevan e i R Sy . » Remarkabla “Talo"” around busrow at 2,10 m.
ol burrows refer to pyrite, 1 g s 5GY 61
= o - U—f\ﬂ“_ 1] ® Gray (NS) streaks, spots, and shaded aress sround and in
& e i iy Wl bt % Sl B | 111 burrows refer 10 pyrite.
= ==Y, Sadl SMEAR SLIDE SUMMARY -
3 10 b= =}, -] SMEAR SLIDE SUMMARY
e L i e [ S
Nl i i et B UL
E " e
Mot Patet i I T i3
A i =
il 2l e 5 g o T 1
L=
o
Ca|  [Ew E=Co ] [ i g | i
Pt A £ ol U i
- |
< "’é..: il Y513 g Pl
ElE T E S (R il S f—
g ke o4 e Gy it
& oL 190 2112 370 < Ty i 4
o iy Feldspar - TR TR & o e S Bl |
i =3 | Pyrite e g _ﬁ..l._l_.i_J_ 1w 170 2100 370
=05 W Other hoavy =2 = L Pyrita LI 1
= 2 e o minwrals 1 - T - 2 T Gt hamry
Ny Clay minarals 20 30 40 g + o Ban| I HHH minarals ™ TR -
SA5,4 | = o L
o] W Volanieglss iy 1 2 2 I R P g | Clay minerals 8 - 10
— i BGY 6/1 Carbonate upspse, & 3 2 5 g B Mgl B 711 9 Voleanlcglas i) TR TR TR
Pl T W, Foramintfers a2 3 3 L] Carbonate unspee. 10 7 15
i 1 Cale. annofossils 38 25 25 S sGY 6N Foraminifers = 2 -
= h Diatoms 5 20 10 =5 it i i Cole. nannofomsits 38 66 34
Lo ] Radiolarians o6 8 e Diatoms 5 1B s
=~ F. 1 | Spongespiculs 3 2 3 gt e [ [T Rodlolarians 5 10 18
VoID Shicofagellasts 5 3 6 Spongergicules 10 B 7
. EE Siicoflagellates 6 2 3
o[ Py |
2] [m hroe i 5557, Pl V748 om = 4
o AT=48 cm = 4 47 -
3 ark B 2, 47-4B cm = 31%. 3 E -{}L_.I__._.l 1 sY 612 ; Jﬁﬁ.ﬁ
- | 3, 4746 cm = 53% e I 1 3, 8748 cm = 45%
4 R I g i Mgt
= i Fe L.
g . =Ct.l. L
3 s ) = g ﬂ-l-:-t 1 0
Pm|Pm |Cg |om|  [CC *_t.h_ '-l- 2 = .
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SITE 504 HOLE CORE (HPC) 27 CORED INTERAVAL 12441288 m SITE 504 HOLE CORE (HPC) 28 CORED INTERVAL 12881332 m
2 FOSSIL i FOSSIL
- 5 CHARACTER @ g CHARACTER
R EMEE z| @ 8 |E.l2T= z| @
£y |o¥ 2| % gl = GRAPHIC MHEE ol = GR
..I.g ,;é g £ g E LITHOLOGY 3 . LITHOLOGIC DESCRIPTION ‘Té ,‘_é z g £ E LITHOLOGY LITHOLOGIC DESCRIPTION
M ENHEE I $7 (e HHEEE
Fo|E HEE o g |z HETH &
A HEHEE E g |8[3]3l3
| =
L CLAY-BEARING SILICEOUS NANNOFOSSIL DOZE cm| (o T CLAY-BEARING SILICEOUS NANNOFOSSIL OOZE
mf | evex i
® Basic color: 0,0-150 m — fight olive gray to afive gray 4—_._-'- ® Basic color: light gray to light olive gray (BY B/1 to 82},
i [6Y 8/2 1o 5/2); 1.50—3.90 m — grayish green to moderate T il B (11} 5Y 8/2-811 * Biatwrbation intanse,
! -~ olive brown (5Y 6/1 10 4/4]. R o TR R, * Zoophycus “speeiten’” burrow #1216 .
& Bioturbation intense. : J_J-_l_- o ® Gray (NS) stresks, spots, and shaded sraas sround or In
] - ® Zoophyeus “spraften’ burrow batween 0.30-0,70 m, B TSI o] it burrows refer to pyrite.
1 1 T L
m SMEAR SLIDE v H :_l_-L g s an SMEAR SLIDE SUMMARY
-
iy
I 5Y 62 2 = o el 5 | )
10
& Al
L1 e -
" E E Zir =i E i SR §
2§ 5§ =i g T i § 43
i 5Y 612 £ 3| = L | i = F
i : EilL o i
] 1 cm|  [Cm) At 1 [ 158 3
& o sven S i e 58 &5
< |12 i 1? i«w ?Im fm il I 1) ik 1130 250
Falidipar T ThTR Pyrite 2 3
§ e L Potla yoTe E 2 2 A W Clsymissrals 10 10
£ 7 Othar hasvy L ok i e Volcanicglass () — TR
E Ty minerals TR - TR A Bergt' § Carbonste unspec. 15 o
LI - i B 1 Clay minerals w7 w0 Tt ] [ Foraminifers B =
= 2 e Volcanieglassinl 1 TR TR TR e i : Cale. nannctosils 47 50
o | Carbonste 5 3 15 18 == = 1 o Dlatoms 7 10
bl AL Foraminifars <! e B ’ cm|  [CC ‘:#“tJ- e L Rodiolasians 8 10
p iy - Cale oncfomils 36 60 45 33 Spongesgicules 5 B
T I 1 Y En Diatoms [ I A ] Silicoflageliates. 3 2
L e, L Radiolarians 8 10w 10
F 4 L Wl e Spangs micules 3 8 & 10
-+, Silicoflagellotes 7 3 3 B CARBONATE BOMB
1 —L 1, 4647 £m = 30%
- =1 I CARBONATE BOMB 38047 o = 50%
| iy 1, 4748 cm = 33%
1 2, 4748 om = 36%
- W 3, 4748 om = 30%
-
[
3 pil B .
i L
= =
et I (11}
Pm|Po |ca |co L1t




SITE 604 HOLE CORE (HPC] 29 CORED INTERVAL _ 133.2-137.6m SITE 504 HOLE CORE (HPC) 30 CORED INTERVAL _ 137.6-142.0m
‘i“ FOSSIL g FOSSIL T
§ z CHARACTER @ ; CHARACTER
-4 el w -y
9. |GulEl2)E il ¢ GRAPHIC 8 |z.le]2 2|l .
'Z E8|E § g E| E | umoLocy HITHOLOGIC DERCRIPTION ‘f% EE £lg E g B[ nioeer LITHOLOGIC DESCRWTION
z H
E £ 2 = g 4| = ws|g ; E ; g " g #
N - I § - ] 3 = ;
L - it — 8 § z|= g 3
L] P
ey = iha iilf ek b
Ak CLAY-BEARING SILICEOUS NANNOFOSSIL DOZE b CLAY-BEARING SILICEDUS NANNOFOSSIL ODZE
L
I‘I'J- & Bamic color: gray o light alive gray (BY 81 1o 5Y 872). t_l."_-.l, H} ® Basic color: fight olive gray (5Y 872 with transitions into
-y = ® Bioturbation intense. i Rl .| svez olfve gray (5 5/2), and gray to ght gray (8Y 6/1 10 771).
o5 B R m ® Zoophycus “spreiten” between 3.20-3.35 m, ‘-_I_-l-_.- H ® Bioturbation intenss.
.I_-LJ_ ® Many large “halos™ around burrows with gray (NS} rinds. Mg i ® Many subhorizontal burrows berween 0.0-150 m, les
J_J_ ® Gray (N5] stresks and spots around of in burmsws refer J__I__L in lgwer part.
1 iy I 1T sven 10 pyrite, 1 ta. 4 ® Prominant “halo” around burraw at 210 m.
] e SY872-872  ® Derk grayith rincls, sresks, and mots around or in burrows
e SMEAR SLIDE SUMMARY ey = i refer to pyrite.
1.0 =3 L [ Bt
E! e
[P L] | SMEAR SLIDE SUMMARY
o ] . L BY &2
£ A I o Eguged =
Hpoo TR -l |y
L g o BB
f : m
= iy
1 I
]y ] e 3§ 3§ 5§ s
.0 E e L
S Byl 1 | 'l
Tt 6] =
7 1420 2420 345 popATE T Iy PP
L o Pyrite 3 3 TR g T g
L 40 Clay minerah LI ] D ad ] 144 1128 279 ©C,8
A Vi Y Volcanicglas{ty 1 TR TR g | = et 1 I 1 Pyrite ™ - A
2 Ao ® i hinpniae- = 2 Rl P SYBM-62  Ciymicenls 10 15 15 20
o Foraminifers B - - = = - .
oy ] - Velanicglss (it TR TR TR TR
) m Cale, nannofossils 51 a7 AT H Zeoll ™ T
e T Distoms 7 w0 10 O it ! s 0 W »m
E T B ] Radiolarians 6 1 10 B Nl Fonminite = - TR
Spangs splcul 4 -
g |3 ot I 1 S i L ==l ] (i Calc. mannfouils 40 47 D 7
L TN Slacfigetite 3 3 3 o Distoms 8 10 10
o i i ™ = UL =k Radiciarians 5 10 10
-y e B L Sporgespiules 5 5 7 10
. == = o Sikicoflagaliates 5 3 2 3
S e I CARBONATE BOMB s e Mica ™R TR - -
. [ S § 1, 4647 e = 47% r-‘-\"'_L
] T I ) 2, 106-107 cm = 50% e L sY 71-872
=L 3, 4647 cm = 46% 3 i . CARBONATE BOMB
| L i oy g [ 1} 1, 4647 cm = 52%
J o S il 2,46-47 cm = 45%
-l 5y an-a72 "
] e it =0 3, 48-47 om = 52%
3 - -I-J_-I. B "'_I- .
d L] Fn{Pm |Ag |Cm = it
el s
3 -l
= i L1
-1 J__I__L
4 et I H
Pm|Ag |Pm|  [CC B 4_-'-_,_1 EY &/
'
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SITE 504 HOLE CORE [HPC) 31 CORED INTERVAL 14201464 m SITE 504 HOLE CORE (HPC) 32 CORED INTERVAL _ 146.4-160.8 m
g FOsEIL H 0sSIL
- ; CHARACTER —r - é CHARACTER
R HEE 3l 2 8 |Z.[e=]E zl 2
N EHHEE =] GRAPHIC =y [22(0 E [} - GRAPHIC
TE E§ HEIE E| £ | Miotoay LITHOLOGIC DESCRIFTION 15 |28|8 HE Sl & | wrwolosy L LITHOLOGIC DESCRIPTION
N HEE HE 2 -] g3 1="|5| 5|3 g w| g = &
SN HEE TfF A HHHE £
a8 =
HEHEE E AHHHE 3
- 1 Y 7
{ W CLAY-BEARING SILICEDUS NANNOFOSSIL DDZE PR ! m i CLAY-BEARING SILICEQUS NANNOFOSSIL CHALK
- A
’ ® Basic color: fight gray to light olive gray (Y 7/1 to 5Y e — " SY7/1-62  w Basic color: light gray to gray (5 7/1 1o 5Y &2),
1 82, HA T ® Bioturbation intanse,
i ® Biotwrbation intense, ”s__:z“'_r : I : I } Y N ® Many large “halor” with dark to light gray (NB=T7] finds
™ y ® Many largt “haloe” around burrows with light grayith ] e v— H referting o pyrite, also present as spots and straaks.
i INT) w gray (NG) rinds referring to pyrite; alio to spats S i & Prominant vertical burrow betwesn 3.40-353 m
1 5Y T1-872 and sresky. 1 Ik = BY 7/1-6/2 ® Orientation af most of the burrows mainly horizontal,
ro—
bl s B 1] I
it SMEAR SLIDE SUMMARY ] s SMEAR SLIDE SUMMARY
- e it m
1.0 ’ =
M - = (o sY71
§ 1= I i
- =1 -
. IR NS i 1 5
g g Bt £ g!
a =9y =T=] ] 5Y 7/1-82 ==
s | = Lo F—ﬁ- 1
Lo s 43 jr—
5 Lt (W) - s € g e 55 81 3
T 1t sver £ Ay B
Eas 1113 :_iz 2430 e W 180 281 330
= poo Feidipar - = £ | Pytite TR 1 TR
s ] Pyrite 2 TR TR a ) © bl o e Cliry miirserals w1 w0
S K Y TN-1R Clay minerals w 1 20 g2 4F == i Volesnicgless () TR TR TR
B A=k Voloanicgless () TR TR TR BE e SY 782  Cutonsteurspec. 15 26 10
2 =Ree Zuatites TR TR - 2| k=== Cale.nanncfomils 46 30 70
= Hoo m Cabonstaunspec. 20 20 30 R i = Distoms w 1w 3
= Cale.rannofosils 41 38 28 T —— Radiclarians 8 w3
EE P I-E-T 0 Y 7181 Diatoms 0 1 B Palad v o Sponge spicules 7 w3
_“"_’:::u (=] Radiotarisns w1 7 T AA— Siicafisgsllater 5 4 1
P LY i Spongespicules 6 10 6 E O
—\,—ang:f' i . Sillcoftagelistas 2 2 2 =T i
Fmlem (amlre|  loe] 4 S 5Y 1/1-8/2 S == CARBONATE BOMB
= )1 . 4 — 1, 48-47 cm = BB%
CARBONATE BOME. - 2,46
1, 40-47 cm = 67% 4 m 5" iditigghin
2,46-47 cm = 55% —= , 4647 om = 75%
= ke ]
e v A L1
3| RS L
B e
| |
o
Fp |Fo |Am|Fp HoAL T :. :. | sY N

$0S ANV [0S SH.LIS




16

SITE 504 HOLE CORE (HPC] 33 CORED —
5 romrrory B INTERVAL _ 150.8-156.2 m Sie S8 _Hoce CORE (HPC) 34  CORED INTERVAL _1652-169.6m
= FOSSIL
§ § CHARACTER " ; CHARACTER
= 2% E ) z g 2 GRAPHIC §’_ IMBEE HE p—
!3 3|t g £ g 'S- LITHOLOGY : LITHOLDGIC DESCRIPTION g l:§ HE] H £l AIE LITHOLOGIC DESCRIPTION
F‘éi;%g : #Ei;sgag 1P
E F 18 3|z =
e £} B o § z 2 g = !
[ oiay siLiceous CHALK |
| i i SILICEOUS MANNOFOSSIL CHALK
® Basic color: light gray to very pake green (5Y 7/1 to 106 O
82, BY 11— ® Basic color: light gray to very pale grasn (5Y 7/1 1o 10G
® Bipturbation intense, e] 10G 8/2 872} with tramsitions into dutky yellow gresn o grayish
i ® “Halos” with grayish blue [5PB 5/2) 1o dusky bive (5PB o] olive green (5GY 5/2 to SGY 312 and grayish oreen (10GY
5Y 7= 3/2) rinds rufarring to pyrite; sl pyritic stresks and spots 5/2).
m 10G &/2 are very comman, | i} & Bioturbation intene.
! il * BGY 52— ® “Halor" with dusky biue [SPB 3/2) rinds referring 1o pyrite
it SMEAR SLIDE SUMMARY ! BGY a2 common.
= m ® Dusky blue [SPB 3/2) spots and ctranks refer to pyrice.
3 S
£ |= § i " — SMEAR SLIDE SUMMARY
5Y 6/1— H
g Mol s §3f 511 :_E 4 i i j ;
: M| evan- ;E i} i IE ﬁ 5 il R
ﬂ 4l 106872 & § _;: oy it oo I H gf
130 161 180 1136 237 . E
e [Fo |om | Ap L 1 Pyrite TR TR 1 TR TR It haag 3
Othae hamvy 175 1130 278
minseraly - = = = TR i Pyrite TR TR TR
Clay minerals wow oW W 10 Cay minarals w20 10
Volesnicglase 1 TR TR TR TR TR il « Volcanieglasa i) TR - —
Carbonate unspec. 10 20 110 20 0 10GY B2 Carbonaty unipee. 30 0 ki
Calc.nannofosslls 70 55 70 55 80 i Cale, pannofossils 45 45 40
Diiatoms 4 3 3 ] a m Diatoms. [] 5 8
Radiolarians 3 B 3 5 3 Radialarians 5 a4 L]
Spangs spicules 2 3 2 3 3 n BY 71— Sponge wpicules 3 3 4
Silicofiegellates 1 1 1 2 1 ! 106 872 Silicofiagellates 13 2
i
CARBONATE BOMB " CARBONATE BOMB
1, 4647 em = 68% " 1, BE-B7 em = 50%
| 2,46-47 cm = GO%
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SITE 504 HOLE CORE (HPC) 35 CORED INTERVAL _ 168.6-184.0m SITE 504 HOLE CORE (HPC) 36 CORED INTERVAL _164.0-168.4 m
E] FOSSIL 2 FOSSIL
v ; CHARACTER i E CHARACTER
FREMOERE zl g NMABE HIE:
2. (BulEf2)3 ol g GRAPHIC SRR E g1 s GRAPHIC
=B 5| & | utHooay UTHALOGK: DESGRIPTION I HEE £l & | umowosy LITHOLOGIC DESCRIPTION
w5282 = o ¥ [2 2 g: E73|e 2 )= g |
z |[E |3 3 “ = H z | |3 E
2 |5 |2]2[8]¢8 = a I8 |ElE)g]E 3 5
R HEHE 3 FAHEHEE 3
i < ﬁi
“1F I r 1
Hi CLAY SILICEQUS CHALK JeA—— I CLAY-BEARING SILICEOUS NANNOFOSSIL CHALK
By
l ® Buslc color: light gray to pals yallow grean (BY 7/1 to "} bk Hi ® Basic color; wary pabe green (106G B8/2) with transitions to
| 10GY 7/2) with transitions to gray [5Y &/2) and pale g it m light gray (57 7/1) and light greenish gray (5G 8/1).
" green {56 7/2). os—F " ® Bloturbation intenss,
i ® Bloturbation intanse. H i 5Y 7/1- ® “Halos" sround burrows with grayish purple (5P 4/2)
mn Y 71— ® “Halos™ around burows with gray [N&—7] and grayish blue 106G 872 to dutky blus (SPB 3/2) rinds commaon betwesn 1.50—
1 10GY 7/2 |EPB 6/2) rinds reterring to pyrite, 1 }H 3,00 m; reter to pyrite.
] . ® Gray and grayish biue streaks and spots. . ® Dusky bhus stresks and spots refar to pyrie
® Prominent spproximately vertical burrows at 0.83-1.00 ® Burrows mainly sibhorizontal
it m and 2.45-2.60 m, m
Ht ® Subhorizontsl burrows frequent, m SMEAR SLIDE SUMMARY
o L L t"
:]: o8 === UMMARY i
H SMEAR SLIDE § il
| L L
A ; g ;
| sven- il i 5f4i
iy e 10GY 7/2 ! [ E
H = !’%‘z o 58 g o e i g%
T =~ | 2 £
= HNy= "
il - i ig : === 3
t M-
> | = Hoo o 180 280 315
= wSL sk 8 = M 106 8/2 Pyritn TR TR TR
2 s reevir !r:n ::1 3:0 2 Fo ] M- il - inerals ™
Pyrite rminerl - -
Clay minaraly 0 15 10 o Clay minsrals 1 1w 1
Voleanicglass ) TR TR TR o= i m Voleanicglass (i} TR TR TR
Carbonats unspec. 20 26 15 S S unspec. 10 30 30
Cale, nannafouils 42 k] B0 g < i - n Calc. nennofouslls 79 40 k)
Distoms w10 10 M IH Diatoms 5 10 10
Radiolarians 0 1w w0 g EP P Radiolarisns 3 ¥ 8
5Y 82~ Spange spicules 5 3 a4 = W Sponge splcules 2 2 3
10GY 7/2 Silicotlagellates R T | At Slticatiagellstes 12
B ¥ i 1 5G B/1- Mica T - -
3 " | wGez
) - i
. i ?ﬁ':z-mn i aoumn oy __‘_# —— :: CARBONATE BOMB
I 2, 46-47 om = 54% e L cc e, W V'Y | 1, 4748 em = T6%
3,46-47 om = 62% 2,47-48 cm = 8%
3 .| sYIN-
" 106712
[ P P P e | 5Y I1-8G 7R

¥0S ANV 105 SHLIS



€6

SITE 504 HOLE CORE (HPC) 37 CORED INTERVAL _ 168.4-1728m SITE 504 HOLE CORE [HPC) 38 CORED INTERVAL 17281772 m
2 FOSSIL ] FOSSIL
5 3 CHARACTER " § CHARACTER
g, |5«(2]3 g M EMAEE 2
S ] gl & GRAPHIC EMETIEIELE gz ARG
12 :§ : § H 5| E | uHooey : LITHOLOGIC DESCRIPTION i :ﬁ % g|& H R L LITHOLOGIC DESCRIPTION
N HH LB H N EHHE HE 4
& £ ] & E
Fole |83 Bls =3 Fole | g% =
= HEIEIE 3 = 2 £ |8 E
T 1 "I
| W CLAY-BEARING SILICEQUS NANNOFOSSIL CHALK. § iils | sovan CLAY-BEARING SILICEOUS NANNDFOSSIL CHALK
I
| # Basic color: light greenish gray to very pale green [5G & T 8 e e & Busic color: light greenish gray 10 very pale green [5G 7/1
L 7/1 10 10G B/2). HiE== i 1o 106 8/2),
o * Bioturbation intensa. s ® Redistributed dark greenish gray (5GY 4/1) volcanic mh
® Prominent vertical burrow between 2.50-2.65 m. ~ B T I layer batween 0,17-0,21 em,
" BG 71— ® Grayish purple (5P 4/2) stresks, spots, and “halo™ rinds e — ® Bioturbation Imens.
1 I ez sround burrows refer 1o pyrita. 1 H i m . 8GN ® Hotizontsl burrows frequent botwesn 0.20-1.50 m and
Iil . ® Subhorirontsl burrgws frequent between 250-280 m. 4 i ! 106G 872 1.80-1.95 m.
=t “ ® MNearly round burrows betwoen 2.40-2.60 m.
Hi SMEAR SLIDE SUMMARY F " w— W ® Siresks, mats, and “halo” rinds with gray and purple hies
1.0 1 i
iE s S — i frecuent.
m T i SMEAR SLIDE SUMMARY
HE= |
-t I I
’ IR SRS Herr i
- ra—
i1 i i fee=y | L1
1}
= FL= L !
L -
35 i i Heee |y HE
H = ' If e ——
| lﬂ 180 270 320 E F ml i
| Pyrite TR TR TR 2 he = :
mmﬁf o E
2 : i)« mirerals T™OTR - 2= 2 e | e dmcam
i Clay minaraly 0 1w 10 i g " Pyite E TR 1 TR
! Volawicghss () 1 TR 1 =1 |{i Othar hesvy
!!; Corbonats unspec. 20 30 38 b minerals - - TR TR
Forgminiters 3 2 - i s e {lg Clay minerals - 0 5 5
iu Cole. nonnofomslls 50 45 40 b= Volcanicgless (1) 80 TR 2 1
Dintoms 7 5 B el m Carbonate unspec. = ® 0 20
| 11 Radiclorisns 4 B B g — l;ﬂc.mmq!uﬂllt -5 5: ?: H;
Spongespiculs 2 1 2 latams
I silimm:mu 2 2 2 T !ﬁ Radialarians = 6 7 5
1 = K ey Sponge wpicules  — 1 3 2
i it
r = 1 i i is - 2
2 I CARBONATE BOMS e Silicoflageilates 2 2
Cm| Pm [Pm |Fp i« 1, 4748 cm = B6% B | = m—rm— il
2,47-48 cm = T1% e H CARBONATE BOMB
i 1, 47-48 em = 79%
iy r—— 2, 4748 om = 69%
2 7 m— A L 3, 4748 cm = 76%
R )
0 i I
e
co|Pp |em|Fe - i
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SITE 504 HOLE CORE [HPC) 39 CORED INTERVAL  1772-181.6m SITE 504 HOLE CORE (HPC) #1 CORED INTERVAL _ 186.0-180.0 m
£ FossiL ] FOSSIL
§ ; CHARACTER o] ; CHARACTER
MEELR H E- 8 |=.l2]= z| w
- [ GRAPHIC cw o &
I3 E§ %‘ g £l e LITHOLOGY LITHOLOGIC DESCRIPTION ‘f'g ig E § é g u Lf_&‘&"ﬁ? LITHOLOGIC DESCRIPTION
S HHHAREE 2 +H R HHHAREE 110
B E i 5|2 E § |8 HEE E
2|8 i|& £ FRHEHEE e
e R e o
...'.'.llﬂ i _-lTI_._I_,.FH
B I ¢ & P I kil SILIEEOVS HAUNOFORSH CHALE B ——k i SILICEOUS NANNDFOSSIL CHALK
g e 1 . -
E S ! ® Basic color: light greenish gray (56 7/1). H= I ! ® Basic color: 0.0-1.75 m — fight greenish gray to light
F = B £ ¥ o il ® Bisturbation Intanss. iH gray (56Y 7/1 to BY 7/2); 1.75-3.88 m — light greenith
= | 5 |CmiPp |Cm |Fm es—{L ——- ® Purple and gray stresks and spots, gray [5GY 811,
§ g SGY 71 ® Dark gray (N3} volcanic ah layer between 1,37-1.38 m.
SMEAR SLIDE SUMMARY L * Bloturbation intense.
1 Harlzontal burrows batween 1,85~1.97 m.
w ® “Halos” with groy end purple rinds around burrows. fre-
! quent between 0.10-1.30 m.
M ® Siresks and spots with gray and purple hues throughout
the coce,
H! SMEAR SLIDE SUMMARY
o | ma
§ | moven LI B
|=u “! BY 712 iz ii
" | PR ! i k-
Pyrita TH A=l —= “!
Clay minerals 5 g = T i i
Voleanic glass (1) TR 3 2 TeuE = |} i i
umspec, 35 T L~ AT ra EGY BN E gl = E E
Cale rannefossils 48 - . - — 1“
Diatorns 5 - & M
s = =L rn :n 168 170 1132 1136 250 370
n“bl-‘l:'b T -"I 1 Pyrite TR - - 5 1 TR
Sponge 5o ! E n i Clymiosrah 10 10 10 - & &
& e = Volcanic glass (i) — TR - % TR TR
= - B ]N Carbonats unspec. 10 15 - - 18 Fol
SITE 504 HOLE CORE {HPC] 40 CORED INTERVAL __ 181.6-186.0m -|{\’ T T X Foraminifars — - - = k) 2
2 FOSSIL T r i Cale. nannofossils 61 50 8 - 50 55
T | M Jooer M Mdowws 8 7 B 1 1 5
8 |=.lel® z| @ S — " -
- |C2|E] E H gl = GRAPHIC 3 J 3 - il Spangs spicules 2 8 4 - R
|§ 3 ; § H 5 E LITHOLOGY 2 = LEHOLONNT DECRRETIN et H = Silicofisgeliates 1 5 L 2 1
Hl §§§§ o= = F - e CARBONATE BOMB
- < z g ¥ i 1, 4748 cm = 78%
g {eleldia 3 TR T 2, 4445 cm = 67%
i 1= T il 34748 cm = Ba%
I I BY /2 SILICEOUS NANNOFOSSIL OOZE i Py T m Impartsnt:
T Section 2 is ondy 80 cm lang, bt is continuous with Section
| z - H 80 wi Y
] l_ » Basic color: light gray to light greenish gray (BY 7/2 10 e +3= T ] z
5GY B/1). Cmj Pp |Cm | Fp — I3 I
] ® Somewhat dispersed gray voleanic ash layer between 1.80- T 0
183 m.
& * Histurbation intense,
1 i" ® Stresks, wots, and “halo” rinds in gray and faint purple
E m SMEAR SLIDE SUMMARY
g1 i
CHES
Hh ] : i
l i
i i
b
. g
2 It 170 240
“j Pyrite TR TR
Other hawvy
] minerals ™ -
- o Clay minerals 5 10
= i Volenicgs i) — TR
Pm|Pp | Ca [P ccl —— i Carbonate unspec. 20 B
Calc. annofomils 60 60
Dintoms 8 10
Audiclariars 6 B
Spangs splcules 2 5
Silicofisgellstes - 2
CARBONATE BOMB
1. 4748 em = 73%
2, 4748 cm = 85%
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SITE 504 HOLE CORE (HPC 190.0-184.0 m SITE 6504 HOLE CORE (HPC) 43 CORED INTERVAL  194.0—188.0 m
2 FOSSI g FOSSIL
§ g CHARACTER = ; CHARACTER
g OF 2 - EMAEE z
e (22 HF 2 - E LITHOLOGIC DESCRIPTION TE .E_;' & 3 2 g GRAMSS LITHOLOGIC DESCRIPTION
[ "§ ] z R b & El & LITHOLOGY
A HHHAREE HaHHHHEEE i EH
= |8 |3|2]5]z £ |8 [3]2 HE =R
RHEEHE HEHE BEEH 3
_::-:_E,ZI,:; W P | [Fp i
U Hﬂ SILICEOUS NANNOFOSSIL CHALK | SILICEOUS NANNOFOSSIL CHALK
L] =M Y
':,‘;J T * Basic color: light greenish gray [SGY 8/1). m ® Baic color: light greenish gray [SGY 8/1) with transitions
H=ob ﬂ! ® Thin gray volcanic ah layer ar 148 m. W to grayish ysllow grasn (EGY 7/2) bavween 3.00—4.32 m,
oE—= I — & Rigturbation intanse. ® Bioturbstion intense.
H P ® Gray stresks, spots, and "halo” rinds. i BavaA ® Many tiny burrows betwaen 3,35-3.70 m.
-."_‘-' H saY 8N ® Streaks, spots, and “halo™ rinds smound burrews through-
1 17y v e SMEAR SLIDE SUMMARY 3 W out the care,
=0 i 3 .
= e i = m SMEAR SLIDE SUMMARY
E 1o ==t . i ! §
i © oot 5 e
2. iy e I i
7 He
e o= [ h i}
1™ n ‘z 'i
5 [ F ;
R | i ; 5 Pe| |re it : j’
= 1 I 3 s
1 e i 1108 248 i 5
TN ¢ e TR TR
2l s m ::vmmu 5 8 i 180 2680 367
A 8 | o i Voleanieglass (1) TR TR it mu: ™R TR -
=S mar— Carbonats unspec. 20 10 ot .
oy e I LU Foraminifers 1 - _E 9 minarals ™ TR -
| e 3 " Valancgm(n TR TR TR
T = Dlatoms w8 =
i L e L T ) O e Radiotarians 8 7 3 i Cutossi v, 20 10 8
Sponge spicules 2 .
Steonagelss 8 2 )11 Calc. nannafomils 50 60 60
ii Distoms 10 T ]
Radiolarians 0 6 8
CARBUNATE Come " Spogesplcules 2 2 3
eehligp ol i Sicoflsgalias 2 2 5
2, 4748 cm = 80% "
Pp |Fpl
¥ CARBONATE BOME
= 1 1, 4748 em = 74%
= 2,47-43 cm = 79%
il 3, 47-48 om = 78%
= i 5GY 7/2-8/1
N .
f =i = llt
‘; = +F 55
s —— ]
: g !
g it
I i
|
plee [ca |ro| [ i L
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SITE 604 HOLE CORE (HPC) 44 CORED INTERVAL _ 198.0-202.0 m SITE 604 HOLE CORE [HPC) 45 CORED INTERVAL  202.0-208.0 m
a8 FOS5IL 2 FOSSIL
- ; CHARACTER - ; CHARACTER
g | F1E ! z|la 2 = AE
ex (2% £ & GRAPHIC ou 3 L
,% EHEEE El# | oo LITHOLOGIC DESCRIPTION 'f'g EHHEE H R Jopaenic, LITHOLOGIC DESCRIFTION
g3 1EV15 5[5 (8] (B¢ Eifg e N HHHEREE TP
A HHEE E ; R E
 |2]z)2|a E 8 |&)=F g a B
T =] [
| 3 CLAY-BEARING SILICEOUS NANNOFOSSIL CHALK T e maear i il CLAY-BEARING SILICEQUS NANNOFOSSIL CHALK
-1 n I
B i
® Baic color: light ;umhn gray to grayish yellow gresn ‘-_: Y : ’l u! ® Eaie color: light greanksh gray (SGY B/1-5G B/1).
| {BGY 8/1 to BGY 7/2), B B0l ® Bioturbation intanse.
| E. sGY e * Biowrbation intense, ) os— X1 M * Burrows |ight olive gray (5Y &/1).
“[ ® Pala purple snd gray streaks, wots, and  “hale™ rinds E e | ;g:gfh ® Suesks, spots, and “hala™ rinds gray and faint purple.
throughout the core, &y [ —r—
1 * ® Many small burrows between 1.35—150m. 1 H—— |
§ '; i ® Scatiered horizontal burrows. --_}; et ! i AR TS ARARY
ro— .
: | s . HE= s
o § [l SMEAR 5LIDE SUMMARY E 3 10— i“
z |8 BR == .
3|+ W 5GY &1 L Jp= ST m sz g!
i saY o ! i i g |~ b |
-l - - -]
2] 2} =3 3 i
ni 3 S W
50— i 185 240
Hi SGY 81 i B O e Pyrits ™ TR
1 = | T inarss
- 170 188 242 2| HFC o m TR TR
T m Pyrite =2} TR TR _ rm— Clay minersls w oo
T Clayyminerals 15 10 15 e it Veiorjghm e TR TR
= o 10 b e bonate wipee. 1
e || [ = i o Tl 1= |y e 8 8
I 1 iataems
g‘:;;mw T: :: E: cm|Pp |Cy [Rp| [CC e It Rudiolarians 8 3
Radiolarians 8 B L} Spange spicules 4 B
S 2 & 1 Silicoflogallates 2 2
Silicofisgelats 3 5 2
CARBONATE BOMB
1, 47-48 em = B0%
CARBONATE DOME 2, 4748 em = TH%
1, 4748 cm = 5%
2, 47-48 cm = B34
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SITE 504 HOLE

COR

E (HPC) 46

CORED INTERVAL _ 206.0-2100m SITE 504  HOLE CORE (HPC) 48 CORED INTERVAL _ 214.0-2180m
2 FOSSIL g FOSSIL
« | CHARACTER i g CHARACTER
8 |=.l2T3 z| w 2 |= ] z| w
oW 2 ol & w|B] S
B E ] § gl | e LITHOLOGIC DESCRIFTION 3 EH i 2| E oL Frp LITHOLOGIC DESCHIPTION
Z |28 2% al 5 ks B 5l 5 LITHOLOGY e
A HEH +FH A HHEHEEE +FE
SR £ £ |5 £ d
5 |8|2|=2|5 3 SHHEE FoEH
] 110 i = [s]
=
e [0} " CLAY-BE SILICEOUS CHALK Ll :;Ii 5G B CLAY-BEARING SILICEOUS NANNOFOSSIL CHALK
T H
] I |! = Ny ! Basic color: light groen 1-6GY 8/1
he o !t ® Basic color: light groenish gray (56 8/1-5GY &/1). R ol = Dlastaton fumt, SR
R e * Bioturbation intense. . Subhorizontal burraws freguent batwesn 0.35-080
ws— 2= 4l ® Burrows light olive gray (5 &/11, ale ner l A riiasalizan; R
olé He = P . Sﬂm'tu;”l:ww, and shaded arsas around bumows with g 5 Pp Fm 1 L | Hi ® Prominent vertical “spreiten’® birow with pais gresn
— : . L J = B
g g 1 o= (@]t sevea =5 =t i (10GY 8/2) ffing betweon 0.78-0.86 m.
- i E T
2 z o A Hh
=] P !
a é H== i SMEAR SLIDE SUMMARY P ot HE H 5G B/1- SMEAR SLIDE SUMMARY
'i M - i e A M .| seven
™ fi ) EES
~ -+ i
;'\- th zi Fel Pp g [Fm| |CC P | !! 33
z i
£,
Fp [Pp [Am|Fp|  [CC = | i iE i%
B by &8 §
170
Pyrite ™ 141 1900
Cifer hawey Pymits 1 TR
minarals TR Cley minerals 15 o
Clay minerals 15 Volcanle glass it} TR —
Velcanic glam (i) TR &mnnm' um‘p::. 3: ‘:1
Carbanate umpee. 20
vl fued 1 :ﬂlﬁb‘] : :
Cale. nannofossite 50 o
Distoms o 5 Sponge spicules 2 1
e H Silcofiegelistes 1 1
Mica TR -
‘Sponge spicules 2
Silicotlagetlates 5
CARBONATE BOME
o— 1,47-48 om = T4%
TE BoME
1, 47—48 om = BO%
SITE 504 HOLE CORE [HPC] 49 CORED INTERVAL __ 218.0-2220m
SITE 504 HOLE CORE [HPC) 47 CORED INTERVAL _ 210,0-214.0m o FOSSIL
= F CHARACTER
« |E CHARAETER § E = = -
MR Z z|w 222 E H g g | Sharmc LITHOLOGIC DESCRIPTION
e |22|u]| 5 =1 GRAPHIC [ B £ = ITHOLOGY
12 23 L1 8l= £l & | utHoLogy LTHOLOGIC DESCRIPTION @3 U ilg 2| 3 o
SN HHHHRHE EFHF £ lE ; HE e
= = < =) L =] 3= E
R HEHEE FEH g HE :
2 |[E]Z]|=]|& 3 E 1 n!
B ==
i == CLAY-BEARING SILICEQUS NANNOFOSSIL CHALK
| CLAY-BEARING SILICEOUS CHALK bt 3L il
HET ® Basic colar: light greenish gray (5GY 8/1-6G B/1)
!Ig‘l * Batic color: light greenish gray (G 8/1-5GY 8/1), M Hi . aiu:nhmnnm L
® Hicturbation Intanms, HI . “Talor™, strasks and spots. sround
® Light purple burrow treces and light ol gray (5Y 8/1) iy = ¢; o e B A o o
W fovan - B 56 /1 & Pae olivs burrow fillings between 1.20-1.30 m and 150
1 T ¢ m- 180
g - 1 G SMEAR SLIDE SUMMARY = il m.
= @ = e IH
' 3 SMEAR SUMMARY
E E I E § mj_:c = W SLIDE A
r4 -
L i i £l 8 o= |
) EARE s i
i ' i e M- i
i [T— i
" = voe -
I § ehem==== NI
ol -4
MER, A [Py L 170 LI = || i
Pyrite TH T 4 5 | . g
Cloy minerals 15 =¥ = | !’&
Voleanic giaws [1t) TR FolPp (Am(Pp| oG v Pyrie ™
rrbeaoodsipsatiir T, 10
Foraminitors 3
Cale. nannofomils 45 ET'L nanmofoulls Sa
Distoms 1o toms
Rodiolariam B RHIQ‘.[I!’H B
Spongs splules 8 Silicofisgeliates :
Shicoflaguliates 4
CARBONATE BOMBE CARBONATE BOME
1, 4748 om = 80% 1, 4748 em = T8%
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SITE 504 HOLE CORE (HPC) 50 CORED INTERVAL _ 222.0-2260m SITE 504 HOLE CORE (HPC) 52 CORED INTERVAL _ 230.0-2340m
o
%‘- :Hmiﬁ w ; c"::s"s‘:"-?"
=
8 MAE ; z| 2 3 M EE 2 gl g GRAPHIC
HAEHHEEIE 2|l & GRAPHIC LITHOLOGIC DESCRIPTION S HEE Sl E | inoLoay LITHOLOGIC DESCRIPTION
“;*g 2815 5 3 Bl £ | umiowey 45|38 i HEHD gl & e 2
2 | = 4 27 = 5|2 = E
[ =
SN HHHE 5 ; R = Eh
s |2|2[E]& 3 FEEHEIEIH “
T
: = : o T CLAY-BEARING SILICEQUS NANNDFOSSIL CHALK Bl CLAY-BEARING SILICEOUS NANNOFOSSIL DOZE
e T
T e e ® Baalc colar: light graenish gray [5G 8/1-86 8/1). th ® Basic color: light greerih gray—greenish gray (56 B/1—
e B ® Light olive {BY G/T) intercalation betwesn m 56 8/1— 56811,
— m and 1.47-1.50m, pasn B isiesh st batween 0.10-1.06
ry X ® Bioturbation intense, @ ® Subhorizontsl burrows frequent between m
@ e I L1 ® Dusky grayish, purple, snd pale green shades sround E !H # Tiny burrows berween 0.20-0.30 m,
3 1 it B, " ® Purple and pale green shade around burrows.
3 «| sGvan- = .
5| g !ﬁ 5681 SMEAR SLIDE SUMMARY £le 1M SMEAR SLIDE SUMMARY
g | . :
L
2 i
SG BN =
i i el i i
1 32 i
PmlPn [Ag|Pe| |2 E I i) g%
.E 180
180 Pyrite ™
Clay minaraks 10 Clay minarals 10
Valcanic glass (1) TR Volcanic glass () TR
Carbanate unspec. 10 Carbonate urapec. &
Calc. rannoteniti 70 Cale. nanrofoniis 70
Diatoms 2 Diatama 7
Rdiolariany 2 Aadiclarians 5
Epange spicules 5 Sponge spicules 2
Silieofiageilates 1 Silicofiageiiates 1
CARBONATE BOMB CARBOMATE BOME
1,45-47 cm = 77% 1. 4847 om = 62%
504 HOLE CORE [HPC) B1 CORED INTERVAL _ 226.0— m SITE 504 HOLE CORE (HPC] 53 CORED INTERVAL _ 234.0-237.0m
; ¢ FOSSIL 2 m:ouu. |_
HARACTER RACTER
x |% e
ERERARE z| e g B z| w
2, |ow 2 c| = GRAPHIC S ] 2 ol & GRAPHIC i ESCRIPTION
'E 5§ g § S ! £ E LITHOLOGY A & LITHOLOGIC DESCRIPTION e 'E B g % ! E ’E Lot ooy g LITHOLOGIC D
w w3
H ils = 5 H HELE @)= =
E |5 |3|2]|5]¢ = ! = HEIEH o
RHEIHE FEE HHEE 3
[ ol [+ sven
i 0] CLAY-BEARING SILICEOUS NANNOFOSSIL CHALK (IJ suuﬁfgﬂuz:::ruc::m#nc"?u
. @ i
® Basic color: light gresnish gray [5GY 8/1-5G 8/1). a 1 - EGY /1 . "
m ® Olive (5Y 6/2) intercalation batween 0.20—0.46 cm. i I u ® Basic color: chalk, light green gray [6GY B/1-5G 8/1).
® RBioturbation intense, = § s J Chart—limustans, gray (5 5/11.
il} BGYBN— ® Purple and pale groen shades around burrows. I i ¢ f e il ® Bioturbation in chalk intenss. "
o lH 5G 81 ® Subhorizonts! burrows frequent between 060-085 m, = N w—— m G ® Light gray (N7} shades around bufrow,
s 1 cel i
E § . i i i = == SMEAR SLIDE SUMMARY
2|5 h SMEAR SLIDE SUMMARY
2
£k g
" 5;
lpm | Pp &E‘ Ll iE !
co (Pp
g! -
180 14
Pyrite TR Clay minaraly L]
Clay minerals 10 Carbonate urspec. 10
Voleanie glast (It) TR Cale. nannofosslls 70
Carbonate unspec. 10 mm :
Calc, rannofossils 65 ariang
Diatoms L] Sponge sphoules 2
Radiolarians 3 Silicoflagetlates 1
Sponge spicule 5
;u-::"nlm T‘R CARBONATE BOMB
1,32-33em = T1%
CARGONATE BoMB MOTE: Core 54, 3370w NORECOVERY. =~~~ |
1,46-47 am = 1%
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SITE 504 HOLE A CORE_ 1 CORED INTERVAL 226.5-236.0 m SITE 504 HOLE A CORE_ 4 CORED INTERVAL  265,0-261.0m
H FOSSIL F] FOSSIL
i g CHARACTER o ; CHARACTER
8 |z R ]l . e [al= w
- 8% 2 al & GRAPHIC Sw 2 EIR: GRAPHI
‘% =§ i £ E LITHOLOGY LITHOLOGIC DESCRIPTION §|§ Eg ¥ E § £ E l.mm.ogr LITHOLOGIC DESCRIPTION
g |E 3|3 [# % g R HETF B
F 5|z H
i 3|3 g § HEHE
Fp| |Fm e |4 sGY 8N —H_voip
@ [Fm |Fm 4 e | o ([t NANNOFOSSIL CHALK = ¥ LIMESTONE {is), PARTIALLY SILICIFIED {is], AND
[ = it %80 g o s, et CHERTY (ch) OSSIL CHALK T fe)
|cc o — "?‘#OL Y 411 ® Baic color: light greenish gray [(5GY 8/1, 5G 8/1), k-] 1 o
= = ® Inchusion of sificified olive gray (BY 4/1) laminated fime- = g & ® Basic color: light greenish gray (BGY B/1) to yellowish
stone between 50 snd 70 em with medium dark gray (N4) g d gray (5Y B/1) for chalk and limestone; light gray (N7]
E|x chart rones 10t & 10 medium dark gray (N4] for charts and soma of the
® Bioturbation in both lithologies modersts to intarae. :c silicecus parts of limestone.
® Limestons to about BOU% compacted s deduced from J ® Bioturbation In chalk intense,
vertical compression of burrows. ® Burrows in limestone abundant but srongly compacted
vertically.
SMEAR SLIDE SUMMARY ® Limestone horlzontally I.-Mnlmi [compacted  burraws
140 and ditferant stages of silicification]; also flaser bedding,
]
o il SMEAR SLIDE SUMMARY
Cale. nannofomlls 80
Foraminifers TR
Diatoms 1
Radiolarisns TR
Silicoflegellstes TR 178
Sponge splcules o M
Total detritals ™
e T rgoonm il
Pyrita ' Several i raty
SITE B04 HOLE A CORE 2 CORED INTERVAL 236.0-2455m
2 FOSSI
~ 5 CHA‘I:I'?C%ER SITE 504 HOLE A CORE_ 5 CORED INTERVAL  261.0-285.0 m
REMARE zle | . F | cutaten
£ |8 APHIC
H 35 £ i E| & | wurHoloey k . LITHOLOGIC DESCIFTION § g BE 2
w w 2
g |5 ; g nz. B 2 E ! e §§ £ ol g gi| o & LITHOLOGIC DESCRIPTION
=3 z w -
EMHEEHE 3 N HHFHBEE ek
Tee —=———— 1] R EHE TEH
LIMESTONE 2 1= e n
= *
_5 ® Basic color: light greenish gray (SGY B/1) 1o yellowish E e chs LIMESTONE {15}, PARTIALLY SILICIFIED [sls), AND
§ gray (5Y 8/1) with shades of light gray (N7} and medium = 1| o s S CHERTY (ehs): CHERT te)
dark gray (N4]. ===
4 & Burrows sbundant end extresmely ﬂlllmwm‘vﬂ- § : — & . xﬁn ® Basic color: light greenish gray (5GY B/1) to ywhowish
® Lamination due to compactsd burrows snd diffaremtiation 5 Ap B T aray [5Y B/1) for limartons; light gray (N7) 1o medium
T kon, # dark gray (N4) for cherts and some af the silicsaut parts
of limestons
SITE 6504 HOLE A CORE 3 CORED INTERVAL  245.5-265.6 m * ;nus wm‘ lI . : o
H CHAR, e ® Abundamt burrows vertically compacted. Compaction
é 5 AGYER messured on Zoophycos burrow: B0%.
EwlB|3 2 ® Limestone horizontalty lominsted (compacted burrows
oW = =
EElEE| 2 5 E i Lﬁimv LITHOLOGIC DESCAIFTION and diffurent s1ag¢ of wiliciflcatian],
!3 - H 5 218 |3 % 3 i « Fllattons nodules between 76-80 cm.
£ C
= % E
g § 3 3 3 ! SMEAR SLIDE SUMMARY
Fp. B T T ¥ Is, 3ls
FmiFp| B | B MR
1 M LIMESTONE lis), PARTIALLY SILICIFIED (sh), AND
P '1 CHERTY {ck): NANNOFOSSIL CHALK; CHERT (=) :'75
Isc
E Aplce | & 1w ® Batkc color: light greenish gray (5GY 8/1) and yellawish Carbonate urspec. 80
= ' gray (5Y B/1) for chalk and limestones, light gray N7} Cale. nannafossils 18
£ o ek and medium dark gray IN8) for chert. Foraminitars 2
e 4 W ® Burraws sbundant in chatk and limestone, Clay minersls TR
"': ® ® Burrows in limertone vertically compacted. {severs! fragments of chalcedany)
' ® Limestones horizontally leminated (compacted buinmows
and diffarent stages of slficification).
SMEAR SLIDE SUMMARY
118 Lo
L]
Carbonste unspec. 50 40
Cale nannofouils 40 66
Fotaminfiers 10 -
Clay minerals T &
Mica ™ -
o silicsous debris
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150—
CORE/SECTION 81 6/2

HOLE 604A, CORE & 3733.0-3741.0 m (265.0-273.0 mbaf]
SPARSELY PLAGIOCLASE-OLIVINE-CLINOPYROXENE MICRO-
PHYRIC BASALT

Unifaren, fairly missive basalt with & few per cant phenocryst,
mainty of plagiochese and olivine, with rarer clinopyroxens. Clino-
pyroxene phenocryits e absent in Sections 2 and 3. Olivine phano-
erysts are raplaced with fight gresn smectite. Vesiches are rare (15) and
small (0.5 mml. Cracks and fracture surfaces are lned with calcite in
Sactlon 1, ard with gresn o orange clays alwwhare. Pyrite grains are
amociated with smectites in Sections 2 and 3, Glassy marging are
ahsant.

Thin Section

Sample 8-1, 51-63 cm: Ophitic medium-grained basalt from a fow
Intagior, Thara ane a few par cant plagiocine, clinopyraxens and afivine
phenoerysts up o 1.5 mm st in & groundmass dominated by plagic-
clse and clinapyroxena, with & few per cant olivine snel 1
tite. There are about 1% vesicles up to 2 mm in diameter filled with
smectites. Clays and calcito ling vein,

Sampla 61, 57-58 em: This sample s wirtually identical 1o 81,
51-53cm.

Sampis 6-2, 9498 cm: This wmple resambles the two proviously
describad, sxeapt that it containg about 15% plaginclase and 6% clino-
yroxene phenoaysts up 1o 2 mm in dismeter

Sampln 63, 1317 cm, Piace 48; The ssmple s fram & flow Intarior.
It is holoarystalline with subophitic texture excepl between dinopy-
roxena and plagioclases, whers it can be varialitic, Thers are a fow per
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and mostly
iding the ground-

mazs. There are irreguiar patches of smectite showing strong cxidative
stalning theit cores. Thare & aimilar, of reversed, Tonation in veirs.

Sample 63, 61-82 em; This i @ variolitie o microphyric thin
section from a flow interior. Thara are a faw per cant olivine crystah,
But most of the rock is divided between plagicelase and clinopyroxens.
The section includes o vein lined with orangs clys, and surrcunded
by & yone of cxidative arenge staining grading away from the crack to

non-axidative green clays

HOLE 504A, CORE 7

SPARSELY PHYRIC TO APHYRIC BASALT

The upper part of Section 1 is » continuation of the basalts in Core
6. Beginning with Pleca 73 (117 em), the core comaing & number of
chilled margins indicating the presence of pillows, The pillows are
marw intansaly aitared than the massive rocks ot the top of Section 1,
They also contain small plagiodiase, ofivine, and clinopyraxens pheno.
crysts, Sacondary minerals are smectitss replacing ofivine and filling
wains. In Section 2, thers are oxidation zones up to 1 cm wide next o
vuira. Thes show # zonation of orange or red, yellow, and dark green

emectites from the veln inward.

Thin Section

3741037450 m (273.0-277.0 mbsf}

Dascriprions
Sample 7.1, 7578 em: Sample from flow Interior. The texture
ranges from ophitic to variolitic, with seares plagioclis and no olivire
phenocrysts, The section is sbout evenly divided batween eubedral to

| Aneration

Piece Number
ation
Orientation
Shiphoard Studies
Alteration
Piece Number
| Graphic
ion
Orientation
Shipboard Studies

lcnu:-.c

skalotal plagiociass, and skelatal to snhedral ellnopyroxens, with 3
small percentage of olivine and sbout 20% of a spherulitic mesostass.
Olivines sre replaced by smactitel.

Sample 7-1, 141-145 cm: Sample from pillow tim. The rodk is
dominantly spherulitic, with less than 5-10% plegioclase (suhedral]
and clinopyroxene (skeletsl), and rare granular olivine replaced by
wmectits. Viiicdes are up t 1 mm snd filled with smoctites,

Sample 72, 28-30 em: The sample i from & spharulite plllav
interior, with aver 10% plagioclase microphanocrysts, and lesser ofi-
wirw and clinopyroxens crystali. About B0% of the section & spherulitic
missostasia, with fairly abundart dustlike vitancmagnetite. There s
traces af chrome spinel. Groen smectites replace olivine and fill round
wesicles, some of them > 1 mm in diameter.

BULK ANALYSIE:
Core-Section 61 62
Interval fom) 8467  BE-08
S0y 50,28 4887
T, 1.06 1.08
Aly0q 1480 1618
F%Oa 1 1m0
MnO 018 018
Mg 789 T8
Cs0 1230 1240
N‘jo 212 233
Ko 0.04 021
£,05 010 008
Tetal 99.85 100.38
Lo 0.68 029
Mg/Mg+Fe 0.E8) 0.589
Ca/Ca+al 0434 .42
Ni 146 1m2
S (] 73
2 & 56
Hay0 055 080
€0, 008 0.08
PHYSICAL PROPERTIES:

Water
Core-Section, Interval {cml  Content
61,5355 0,60
62, 66-71 236
63, 43-45 283
71,78-78 2.80
1,33 184
THERMAL CONDUCTIVITY:
Core-Section, em K
61,47 174
B2, 73 .66
&3, 100 1.66
71.0 163
72,100 1.60

GRAPE
3.00

7 72
T6-77  61-53
4356 50.70
1.09 112
1498 15.45
120 822
0.18 0.8
828 B.56
12.18 12.30
218 232
018 0.04
0,13 0.10
90.93 99,99
106 122
0594 0.848
0.425 0.420
93 22
76 78
-] 64
o8 oa?
005 0.09
Wat-Bulk
.00
288 288
2ga 299
m 297
.95 28

Sanle
Velacity

622
629
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SITE 504 HOLE B CORE 1 CORED INTERVAL SITE 504 HOLE B CORE 2 CORED INTERVAL
g FOSSIL [ J= R
i 5 CHARACTER ” § m:ﬁ”.m" "
M EAREE H B - g |z [ z| e
-8 2| = GRAPH| wl@] 2
= HEE E1E /oS, LITHOLOGIC DESCAIPTION i HE 5 E| & | Snamic | Be LITHOLOGIC DESCRIPTION
53 -] ! 5|3 ! ol g g ;.: O EIR 4K s § ] 2 -
B NHHEE E : e HHEE 4
5 |ef=z a o = =35 3
~ e e =
NANNOFOSSIL CHALK lch) WITH LIMESTONE (is), [ LIMESTONE (ls), PARTIALLY SILICIFIED {sfs), AND
PARTIALLY SILICIFIED (ss) OR CHERTY [cls) g 5 & 1 —— mll CHERTY {chil WITH NANNOFOSSIL CHALK (ch) AND
= ——— — CHERT (e} INTERCALATIONS
o 1 ® Basic color: light greenish gray (6G 8/1-6GY 8/1) for = =7 ~——
H chalk; grayish yellow groen to light greenish gray (BGY 1 "‘.,:: ® Basic color: yellowish gray 1o pade olive [BY 7/2-10¥
gg ~ 7/2-5G /1) and yallowish gray to pale allve (5Y 772 104  BAsaLT N 8/2) for limestons; olive grary (5Y 4/2) for chart; gravish
2 10Y G721 for limestone: grayish yellow (EGY 7/2) for E = a wellow green (BGY 7/2) for chalk,
silicitied and light olive gray {5 5/2) for cherty limestones. 1 ch ® Al rock types are finely laminated and shaw Intense bur-
® ANl rock types are finedy laminated and show intents bur- - rowing.
towing. = # Burrows s strongly compacted sven in chalk.
® Limestones often have very thin chert sirsaks and lenses - ® Purple to blilsh gray halos snd shades in limestone.
included, =] ® Various stages of silicification oceur.
* Rock type boundaries aften gradational. . ® Rock type boundarles gradational.
® Dusky blus I5FB 3/2) to dark gray (N3] burrow halos
frogquent. 2 =
® At 87 om dondeitic limestona chertification. - SMEAR SLIDE SUMMARY
# Burrows are strongly compacted even in chalk, =1 ] 7
: )
SMEAR SLIDE SUMMARY — = =
1125 - }i }g
Pyrite 1 -1
Othar hesrey . 145 162
minaraly TR — L]
Foraminifers TH 1 Carbonate 85 30
Cale. nannofossily 86 3 . Cale. nannofossis & 70
Diatoms TR - Unspec. silica 5 -
Aadiolarians 3 3 Clay 3 TR
Sponge ipicules 3 Feldupar TR -
Silicofiagelistes 1 Heavy minerals TR -

101
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HOLE 5048, CORE 2 3748.0-37515 m (274.5-278.0 mbaf)
CHERTS, CHERTY LIMESTONES, AND SPARSELY PHYRIC
BASALT (lithelogie unit 1)

The upper part of the core (Section 1, 2-93 em) consists of akter
nating pisces of cherts, charty limestanes, and charts, describad on the
previous sediment barrel sheet. In this core, five separate pioces of
basalt and numercus smaller chips ware recovered. The topmost piece
of bamlt s finegrained and quite dark, evidently oviginally adjscant
10 gloss. Thers are scattered plagiocisse and alivine phenocrysts, in ail
tha basalts, with ofivings sltered to pale gresn clays. Vesicles sre small
{1 mm), and rare | < 1%, usally filled with clays.

Thin Section Deseription
Sample 2-1, 105107 cm, Pisce 233: Thi sampde, from a plllow
interbor, I lithe, with fine cli and

plagioclsse crystals sat in & matrix of clays and glass. Most plagiociases
are microlites, but there are 8 few phenocrysts up to 3 mem scross.
Opaques incliede dussdike to skeleral thanamagnaetits, and dissmin.
ated, probably primary pyrite. Qlivine i replaced by mmectite, which
also fills vesicles

BULK ANALYSIS:
Core-Section 21

tnterval feml  107-110
50, 50,63
THO, m
A0y 558
Feg0q 846
M0 A H
M0 807
cs0 12.57
Nay 0 2.7
K30 0.08
P, .09
T e
L 0.96
Ma/MgtFe 0.623
CalCatal 0.423
Ni 128

Sr b

Zr 1]
150 0.80
COy o014
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HOLE 5048, CORE 3 3751537535 m (178.0-280.0 mbuf)
APHYRIC BASALT [lithologic unit 1)

Tha cors coniats of light gray aphyric basalt with seversl Hlat upper
and lower glassy vinds, The bessit may sither be pillows or thin, flat-
lying flows. The bassits contasin spersa crystals of olivine replaced by
smactites. Small vesicles and cracks up to 2 mm wide are abundant,
filled with yallow, red, orangs, or green clays. Section 1 containg cne

recovered it (60145 am).

Thin Section Description

Sample 3.1, 68 cm, Plece Z38; The texture is dendritic 1o micro-
phyrie, with & very dark groundmass, typical of the interior of small
flows or plllows. Plagioclase crystals are most sbundant, but most of
the rock is spherulitic masostasis. There i o crack with  light brown
fieous ciay in the middie of the saction.

Sample 31, 82-88 em, Pisca 250: The sample it about evenly
divided butwesn plagiocisss and elinopyroxene in 8 sslatal to dendritic
mécrolitic groundmass. There are some small plagiocisse micropheno.
erysts. The maesostasis 3 very dark, & conssquance of sbundance of
titanomagnetites snd residual dark glas. Yellow-brown clays replace
altvine and fil vesicles.

Sample 32, 17=19 om, Plece 261; Temtwrally, this semple is viru-
ally wdanticsl to Pisce 238, but it contaime soma Fresh ofivines, and has
an oxidized band croming one side of the section. Tha zone contaim.
distinctly grean or ywllow-red secondary minerals, clays, and Iron
hydroxides, whereas clays in the “fresh™ rone are pale yellow,
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HOLE 5048, CORE 4 37535-3763.0 m |280.0-289.5 mbw)

CHROMI ¥ PHYRIC PLAGIOCLASE-
OLIVINE BASALT PILLOWS  (Nithologic subunit 2A}

The topmast 4 pisces am very sparsely phyric funit 1], with a glassy
rind 8t the top. There are less than 1% esch plagioclose and ofivine
phencerysts, with plagioctsses 1-2 mm. Olivine is completely replaced
by dark green clays,

The rest of the cose [swbunit 24} consists of sparsaly to madarately
isglaclase-olivine phyric piliows, with essential chromite. Paglockese
phenocrys: sbundances range up 1o 10%. Glass rinds seour on tha tops,
bottoms, snd vides of pieces, many of them ar inclined. Green smec-
tites predominate as wein and frecturs fillings, but thare are local
ocrurrences ol red smectite and some zones of brownlth oxidative al-
toration. Flere vesicles sre small (0.5—1 mm) snd not present in every
pleca, Thern aro rare cabcite velns

Thin Section Deseriptions

The thin sections are from pillow rims (PR}, fine-grained pillow
intariors (FP1) or coarss-grained plllow interiors (CPI), as follows:
4.9, 32-36 cm, Plece 269 (FPI): 42, 80-84 cm, Pisce 302 (PR):
43, 92-98 cm, Place 320 (FPI); 44, 41-43 cm and 92-98 cm,
Phece 330 (CPI); 4-4, B3-B7 om, Piocs 338 (CPI): 45, 3641 cm,
Piece 348 (FPL); and 45, 87-89 cm, Pwece 363 (PR). PR samples
range from glassy to ith up to 10% plagh ph ¥
and micraphenocrysts, lesser olivines, generally replaced by smectite,
#nd some chromite, The ditferance betwaaen thess and FPI and CPI

Shipboard Studies

Alteration

%
%
2
’
7
2
Z
2
7
7
é
7
7
7
7
7
7
/
%
7
%
/
7
7
%
%
7
%
7
7
%
7
Z
7
7
7
7
7
7
?

e Te

T

" )

Shipboard Studies

Gl

:‘.

8
=
GG
1

B

w3

El CIEL

]

I

=V

1
NS

=
AN

[C

Y
d

E
é
7
/
f
%
é
/
é
?
?
/
g
?
é
7
Z
é
?‘
/
/
Z
?
%
7
7
%
?
%
7
f
¢
7
‘
?
?
4
7

af4

samples i both crystallinity and grain size, incredsing n the respective
arder given. CPI samgles ara nearly holocrystalline with fairly coarse
plagiockases enclosmd partly by anhedral inopyroxene. FPI samples
seo dandritic, microfitic, snd skelatal, verging in 1ome cases on spheru-
litie. Secondary mineraks ar mainly tmactites aftsr alivin, filling small
veing, and filling vesicles. Colors of clays range from green fdominant]
to bessar oranges and reds.

BULK ANALYSIS:
Core-Section A 41 -2
Intarval lem) 102-106 32-38 62-58
5i0, 4963 4976 4980
T, .07 088 0.80
‘“233 1458 16.04 1822
FogOy 11,70 8,66 088
Mne 0.17 017 0.8
MO 789 820 781
CaO un 1308 135
Ne,0 193 170 189
K0 03 012 007
PaOy 0.0 0.8 0.08
Tota! 9999 a7 8.7
Lol 1.0 057 1.23
Mg/Mg+Fe 0572 0627 0805
Ca/Ca+Al 0.426 0428 0.478
Ni 78 134 138
S 73 69 70
Zr 58 50 50
H0 0.98 054 102
co, oo? 0.03 013
MAGNETIC DATA:
Core-Section, Intorval fom)  NAM INCL.
31.87-89 4,151 =118
3, 108-110 7,005 26
41, 108-110 9506 -18.3
4.2, 101103 21,063 17,1
43122124 15,062 166
44,4143 7420 - 32
45, 124128 10,671 =159
PHYSICAL PROPERTIES:
Water

ian, Interval iem)  Comtert  Porgsity
49, 111112 387 10.42
42, 102-104 o087 274
4.3, 123126 2, 175
&4, 42-44 258 710
4.5, 126-127 177 4.98

THEAMAL CONDUCTIVITY:

Care-Section, cm
42,106
44, 40

K
183
166

140

48
128
224

MDF
120
19

40
400
210
230

Wet-Busk
278
2m
283
286
288

o1

45

3641

4047
oM

am
0.8
.88
1330

o0.08
0.08
100.07
1.08
0615
0428

mn

o7
042

Sanic
Welocity

6.213
5774
6.657
517
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CORE/SECTION 511
HOLE 5048, CORE & 3763.0-3772.0 m (289.5-298.5 mbal)

CHROMITE-BEARING, MODERATELY PHYRIC PLAGIOCLASE
OLIVINE PILLOW BASALT (lithologsc unit 241

Tha core i & sequence of sreral cooling units with inclined upper or
lower glass margins (probably pillows). Pogioclase phenacrysts am up
o 7 mm across (most 2-4 mm), and form up to 10% of the rock,
Ofivines sre up 1o 2 mm and 2%, but are replaced by light green or
browe smectits. Cracks sre filled with light gresn smactite and some.
times with caleite. There are some zomm of oxidative sleration next
10 cracks. Vesiclis are rare 10 sbent.

Thin Section Descriptions

Al three thin sections from this core are from line-grained pillow
interiars, They are Samples 5.1, B6-73 cm, Pisce 365; 5.1, 110=115
om, Piece 384; and §-3, 4648 cm, Pisce 301. All are deminated by
# spherulitic mesostagis, with & few per cent microlitic plagioclase,
dendritic dinopyroxene and granular o eubedral ollviee, now replaced
by ciays and Fe-hydroxides. Chrome spinel i 8 minor but ubiguitous
mineral, Spherulitic textures sre plumose. Rare cracks are lined with
yellow clayi. There are recrystallized glasy inclusions in scattered
plagiocimse phenocryits.
HOLE 5048, CORE § 3772037810 m (298 5307 5 mbsf)
e ¥ PHYRIC PLAGIOCLASE
OLIVINE PILLOW BASALTS [ithologic units, 24, 28, snd 2C)

This core I8 similar to Core 6 in that it contsts of several fairly

Subunit ZA
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5/3 &/ 6/2

oompletely cored coofing wnits, each with inclined upper and hower
glase rima, hance evidently pillows. Plagicelass phencorysts ars up o
5 mm and 10%, olivine up 10 2 mm and 2%. Ofivines are repleced by
imectita and carbonate. Vesicles are rame to shsent, Glassy rones arn
somewhat brecciated and guite sltered to light green smactite. Cracks
wre fillecd with Fight green seactite and (Piece 412) calcie, and some
hawe & faint oxidation rim sdjacent to them. The core contains part or
all af thrwe lithobogic subunits, with ubunit 78 a single 1.5 m cooling
unit in Section 2 (Pieces 4144261
Thin Ssction Daseription

Two thin sections ware prepaned from this core, Sample 8-1, 78-79
cm, Piwce 405, which is spherulitic, and Sample 62, 11-13 om, Piece
414, which is dendritic to microphyric, There are a fow per cant paigio-
clase and rarer altered oliving phenocrysts in both sections. Ofivine s
replaced by fibrous yellow smactites. Piece 405 has no vesicles and &
erack with yellow-green cloy minevals. Plece 416 has rare vesicles and
Tight green minerals filling vasicles and replecing parts of the ground-
mase.
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BULK ANALYSIS:
CoreSection 5.1 52
Interval (em) 8692 110-118
50, 4995 4952
TiO, 089 0.9
Alzoa 1588 16.58
F-aﬂa .07 a2
MnO <A1 (AL
Mo A51 8.0
Cal 1307 1238
NagO 188 208

o2 0.03
Palg 0.7 o.o8
Total 99.82 100,00
Lol 0.98 124
My/Mg+Fe 0626 0.634
Ca/CatAl 0.428 0423
N 140 141
Sr 70 T2
Zr 53 49
HyO 083 0.92
€0y 006 008
MAGNETIC DATA:
Core-Section, Interval fom)  NAM
E-1,57-58 12,750
52,4143 17 566
B-1, 5557 8212
62, 36-38 5083
PHYSICAL PROPERTIES:

Water

Care-Section, Interval {cm]  Content
5-1,67-59 234
52,4143 176
61,5456 257
B2 40--41 215

THERMAL CONDUCTIVITY:
Core-Secticn, cm

52,40
61,57

178
164

73-80
4273

16.48
886
0.16
856

1199
184
012
oor

124
.07

INCL
- 85
=164
=117
-3

[:3} 82
88-80 88105
5328 4948
-84} 0483
838 1541
1083 10.48
o8 n.ae
26.14 820
.28 1283
.68 Le0
018 018
om 0.06
a4 80.65
B.68 083
a1 0,808
054 04
72 15
7 ]
1" B2
593 059
058 003
MODF
170
180
430
145
Wet-Bulk  GRAPE
200 .74
288 278
281 78
288 275

Sonic
Valocity

5,668
5.845
5,870
5716
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CORE/SECTION m 2

HOLE 5048, CORE 7 3781,0-3780.0 m (307 5-316.5 mbsf]
MODERATELY PLAGIOCLASE-OLIVINE PHYRIC BASALT WITH
ESSENTIAL CHROMITE liithologic mibunit 2C [to Piscs 485] and
)

This core comprisss the greater part of lithalogic subunit 2C, which
s » sequence of plilow basalts, and the upper part of subunit 20, two
massive fiows. Subunit 2C extends down 1o Plece 485, and 20 is balow,

Subwriit 2C In this core contaim up 1o 10% plagiociase phenocrysts
up to 4 mm In size, and up 10 I% olivine phenocrysts, up 10 2 mm,
Veilcles are rare or absant. There sre a number of glass marging, many
of them Inclined, indicative of plllowe rather than fiar fows. Cracks
are abundant and fitled with Fight graen smectite, Ofiving is completely
replaced by smectite, and some calcite. There are wome interpiliow
breccias (a.g. Piece 437). Oxidative alteration seerms more praminent in
glossy zones.

The massive material toward the bottom of the core has mora widely
spaced Tractures, and the sdjscent rocks show quite distinctive omes of
alteration, The cracks contain cores of dark gresn clays, and a lining on
wither side of fibrgus light green clays, Thence there are red, yellow,
and green sltarstion zones procaeding into the rock. Section 7-5 has
wome araganite velning. There is fresh olivine in Piece B15. In general,
althaugh this hes about the same poportion of phenoaryats & mibunit
2C, the groundmass is sufficintly coarse-grained to obscuirs the mscro-
scopic dist between pl yits aned eryrak
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Thin Section Deicriptions

Five thin sections were prepared from this eore, ane from a pillow
tim (Sample 7-1, 9366 cm, Piece 444), two from fine-grained pillow
bnteriors (Samples 7.2, B7-80 om, Piecs 462 and 7.3, 116=120 am,
Piece 4B8), and two from the coane-grained Bow of lithalogic subunit
20 iSamples 74, 63-65 cm, Piece 499 and 7.5, B7-70 cm, Piecs
516). Sample Piece 444 has @ dominantly spherulitic texture with
greater than 10% plagioclss phenocrysts snd 1-2% clivine pheno.
erysts, There are many oracks filled with days and phillipsite. Small
remnants of glau are completaly altarad. Samples Place 482 and 488
hae migrolitie to inersertal textures with about the same proportions
of phenocrysts as Piace 444, and including chrome spinel. Thars ars
thros jes 1o ph yits | glomaro-
eryes, glomerocryits with chaatically arrangsd tabular erystals, and
lselated suhedral to skeletal crystals). Some show strang normal zoning.
Olivine phenocrysts are shered 1o pale biown or green clava, of iron
Ivydrosides in oxidized zones. Sarnpls Piece 488 has & red oxidized
zone alang one length of the thin section, The samples from the coarse-
grained flow (Pleces 499 and 515) have ophitle taxtures, with plagio
cluses partially enclosed by dinopyroxenes, snd interstitie] patches with
sbundant titanomagnetite and smaller dendritic or spheruiitic clino-
pyroxens, Olivines are replaced by clays. Sample Piece 515 haa a
fibrous carbonate In & veln as well a5 yallow-brown veindilling clays.
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BULK ANALYSIS:

Corg-Section 7.1 T2
Interval (em)  91-93 21-86
iy 6002 4928
oy 083 088
Algly 1603 1688
Faglly 823 9mw
MnO oar 018
Mg0 758 B.65
a0 1323 13.04
NesO 197 1.78
K50 007 0.09
P30 0.08 0.07
Tomul a3.98 29.70
Lol 1.03 077
Mg/Mg+Fa o820 0.834
Ca/Caral 0.418 0.428
Ni 140 158

S 4 (]

Zr 53 50

H0 094 074
20y 0.04 0.02
MAGNETIC DATA:

Corg-Section, Interval fcm)  NAM
71,3335 11,680
72, 88-100 14,670
7.3, 127129 12,000
74,35-37 BETE
76,35 8584
PHYSICAL PROPERTIES:

Water

Core-Section, Interval {em|  Content
71,3338 156
72, 99-100 086
73, 127129 155
74, 3537 1.48
75, 2.4 1.16

THERMAL CONDUCTIVITY:

Caore-Section, em 3
72,102 1.68
72,102 155
731 182

INCL.
- 65
- 53

45
- 58

B89
4851

16.16
10.03
018

1313
183
013

100,00
116
0614

m
48

0.06

MDF

120
130
100

Wet-Bulk
268
20
280
2.80
R

GRAPE

an
275
283
285

WValocity

5828
5.769

5812
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CORE/SECTION B B8/2
HOLE 5048, CORE § 3790.0-3780.0 m (31653265 mbsf)

MASSIVE CHROMITE-BEARING PLAGIOCLASE-OLIVINE BA-
SALTS flithologic unit 20)

The basalts from Care & are part of two massive flows beginning in
Saction T—3 and ending in Saction 5—1_ The base af the upper How i
& glam rind in Section 8.1, Pieco 521. The basalts consie of fine-
grained, fight gray, coarsegrained materisl brokan up by inclined
fractures with sdjscent zonei of alteration, Formerly ofivine pheno-
erysts {1-2%]) are now replaced by clays, The alteration rones are red
of yellaw in color, adjacant to frectures or eracks lined with yellow-red
smactites. Vesicles in these zones have yallow.red smactites, wharess
In “fresh™ zones they have green smectites. Vesicies are rare through
mast of the core. Calcite lines fractures lower in the cors.

Thin Section Dwictiptions

Two thin sections were prepared of these massive basalts: Samples
81, 107109 em, Piece 528 and 8-2, 134136 om, Pisce 534. The
first i dendriticophitic, and the second ophitic in tmcure. The rocks
consist mainly of plagiociase and oliving, with rare fresh dinopyroxens
wnd minos titanomagnatite. Vasicles are filled with dark brown fibrous
clays and Fe-hydroxides or yellow-grasn granular clays, Piecs 534 ha
distinet red and yallow oxidized zones, In which days of those respec.

are abundant in the

AN NN
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HOLE 6048, CORE 8

3789,0-3808.0 m (32553345 mbsf}

MODERATELY OLIVINE-PLAGIOCLASE PHYRIC BASALT (litho-
lagic wnit 20} AND APHYRIC-SPARSELY PHYRIC PILLOW BA-
SALT (lithalogic unit 34)

Piaces 569574 in Section 8-1 s the bottem portion of the mas-
thve materigl recovered mainly in Cofes 7 and 8 [and lithologic unit
20). Below thess, in tha rast of the core ars sphyric or sparsely phyric
portions of pillows several glassy rinds, Thuse rocks sre extremaly
fina-grained, snd vary in color depending on prosimity to glam rinds
(eoarsar-grained rocks ane lighter gray). Spherulites can be seen next 1o
gless. Olivine phenocrysts, which are scarce, are sliered to dark gresn
cluys, Piace 597 includes & piltow braccia, and has an cxidized rim con-
talning yellow-red clays.

Thin Ssetion Duscriptions

Three thin soctions were made from rocks in this core, One, Sample
91, 4650 cm, Pieca 572, s from the baw of the massive flow, and re-
sembles thow described undar Core B, It has olivine sltered to clays
ard some calcite, and b leirly coarse-grained. Ssmple 91, 120-123
em, Piece 5E1 is a dandritic to microphyric portion of a pillow interior,
but hes & striking zonstion of alteration patterns, ranging from axidized
{red) naxt to 8 crack, & green zona awiay from that, and a distant yellow
brown gone, These are charecterized by secondary orange clays and
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BULK ANALYSIS:

a/2

fron hydroxides, green days, and fibrows ysllow clays mspactivaly,
The erack has an orange-ved vim and s Tibed with lght veltow fibroas
clays. Sampls 9.2, 4347 em, Pisce 591 s & spherulitic samale from a
pillow rim. There sre re granular olivines replaced by clays, and
miczolitic to spherulitic plagioclass nesdles in & dark spherubitic mes-
ostiiis. There are rare cracks filled with light green fibrous clay min-
enals,

CoraSection  B1 B2
Imetval fem)  109=116 126-131
Sidy 4858 i
Tioy 0.90 088
1620 1525

:zgg 084 03
MrO 0.15 0.15
Mg 8.8 8.14
Ca0 1302 1308
Nag O 187 .78
K0 0.13 o2
P. 0.07 008

otal 100.04 a8.81
Lol 118 115
Mg/Mg+Fe 0818 0632
Ca'Catal o4an 0423
NI o3 126
Sr rr n
Zr 51 o7
HaO 0.60 063
c0y 005 002
MAGNETIC DATA;
Core-Section, Interval jem)  NAM
8-1,50-61 1.648
82.86-88 6179
83,7375 4204
B4,58-60 5,308
8-1,61-63 8817
82.73-75 3045
PHYSICAL PROPERTIES:

Water

Care-Section, Interval fem)  Content
8-1, 83-65 151
82,8688 183
8-3,72-74 283
84, 5850 244
81,61-53 LF-3}
82,7375 a2
THEAMAL CONDUCTIVITY:
Caore Section, em [
82,86 1,68
B4,58 168
81,138 1712
B2, 78 166

B3 B4 B 82
1M3-116 120-124 S4-58 63-68
4543 E0.53 4876 49,75
[:F-] 0.ED 0.88 0.98
1654 1627 15.86 16.29
a9 679 9.84 10,12
0.18 o o.18 0.18
7.49 a2 am T4
13320 1329 1307 1238
208 214 178 207
oo 003 o003 0.6
0.06 o007 o.08 0.8
09.90 100.41 g9.57 99.40
113 118 128 113
0508 0,849 0817 0,608
0.420 0428 0427 0.408
o0 156 143 o5
n n (=] 63
40 55 52 51
0.65 074 080 0.85
00s 013 0.8 0.08
INCL. MDF
18 %
- B4 1o
- 68 15
- 04 1o
"2 200
1486 130
Sonie
Poroslty  Wet-Bulk  GRAPE  Valaciy
430 2m 287 5.835
18 31 282 5.767
7.20 284 79 5
BEZ 287 m 560
a4 280 284 604
623 287 278 5.62
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3 2 2 £ k1 " é BULK ANALYSIS:
Z RFEAE FEE IR TR SIS I I Db N BLE, P oW
gg 3 of i § 7 & gg - E 3 2§ % i 2 25 % E% si0, 499 5037 5053 5056 6033
p8RIG0 TRREGE G RRDIGE pEEPGE j#iis W, um ms am oum e
o &< 5 S & < o & & § &< 13 & Fea0y 944 97 950 98 o8
o i 1 IS P e s P 1 T 7T W M oem s Em  on
4 s mﬁ Ze T ] {  cao 1221 1263 1282 1278 1272
842 f ] Nay0 238 244 218 232 248
- f /] s 7 — K50 0.7 018 0.18 0.13 0.1
| mG & f @ T " { s WAt io WY iom e
i 63 " ? [ Lol 101 078 081 104 066
— q r 78 g | MeMgFe 0618 0628 0630 0831 0847
- -0 | 7 7| i . % A R e e
=! LA 664 7 [ % - sr 86 80 80 a1 &0
] v mO é: O: ‘4 //"’ wp < :',o B ow Tim o T
] — 065 -"Q 4 it i ? 1 oio 00 o4 0a2 ook
4 Wﬁ " KRl 7 ;c 6o ’ o : 4
=i ol 4 % — :j MAGNETIC DATA:
50— 547 @@ %s %a o OG fe —|  ComSecton,imunalfon)  NAM  INCL. WOF
] o] O | = R 7K O ] 12,7118 27 4 140
X w77 % 5 % 7t = % o8 bt
- g i %a 700 9 % =1 113,27 20 818 323 170
2 —— v T %
s (B GN' 7 5 7 |
all I sea| 3\ | %E (A “'{)7 7R | PHYsicaL pROPERTIES:
| p 852 D — fu et 4 Care-Saction, Interval fcm) l:o“::-: Porosity  WetBulk  GRAPE v?:;:v
F s il O % % t 102,11-13 251 888 285 277 B9
N = D ?‘a 7. O A - 14, 18-21 151 430 292 283 6.04
] 1% ot % 7 L [/ ] nann 200 B85 287 283 589
| ! 7 o 3.27-29 232 B45 285 276 588
: B 1| 18 Q) 7 y
] m: — g o o T f _ THERMAL CONDUCTIVITY:
100— 29‘ ‘“z (e = //’ = “;;;?‘mn‘m 166
_ wds Ol [ 7 WOl Pe ] me 2
— A 70 — ]
- & G mi % % ¥ —
- =4 i) ; ? -
- & ] =
_ -0 |- 7 > .
R
o mg L & % A .
i - g 7 / ]
= z 661 & 7 i o
o] (] g S GI7 74 Ld U L] LU ki
CORE/SECTION 1041 10/2 10/3 1M 11/3
HOLE 5048, CORE 10 3806,0-3817,0 m (334 53435 mhaf) HOLE 5048, CORE 11 3817,0-3826,0 m (343 5-362 5 mbaf)

APHYRIC TO SPARSELY PLAGIOCLASE-OLIVINE PHYRIC SPARSELY PLAGIOCLASE-OLIVINE PHYRIC PILLOW BASALT

LOT

PILLOW BASALTS (lithologic unit 341

This basalts are fragements of pillows, and are ganarsily light to dark
gray, with darker colors nesrer glassy rinds. There is one fairly com-
pletaly cored cooling unit encompassing Places 611-621. Alteration s
low to maderste, primarily green smectites afwe rare olivine and fill-
ing cracks, and locally med smectites. Glass rinds am at the tops, bat.
toms, end sides of seversl plece, and some have & definite curvature,
indicating & pillow structure. Thars s & breccin with abundant grean
cleys and possibly ohillipsite between Pieces 850-656. Variolitic
features occur an & number of pleces.
Thin Section Daeriptions

Three thin sections ware prepared from this core: Sample 10-1, 74—
B3 cm, Pieca 615, a breccia: Sample 102, 85100 cm, Piece 636; and
Sample 10-3, B892 cm, Piecs 655, pillow rims. All are glasy 10
wpherulitic, with & few per cent plagioclsss and rarer olivine micro-
phenocryes. Olivine is generslly sitered 1o smectites. In the braccia,
smectite is & wein cement in which [t form radisting sggregates, and
may be asociated with Mo-oxides, Piecs 636 contains phillipsite in

Tlithalogic unit 3A]

The basalt is rather uniform and fine-grained throughout most of
Sections 1 and 2, Indicsing either & larpe pillow ar & flow several
meters thick, Thare am microphenocrysts of plagioclass and olivine up
10 1 mem totalling not more than 2% of the rock, but the olivines ars.
replaced by smectites, Piace B80 is brecciated with light green smectite,
In Section 3, there are chilled glass marging (Places 700, 7011, A thick
@reen smactite is in the space between the chilled marging,
Thin Section Deseriptions

Three thin sections were made from smmples in Core 11, two fram
the upper Mo Mistive batall, snd one from & pHlow rim in Section 3.
The coarser-grasned samples (11-1, 16=21 cm, Piece BBZ and 11.2,
B0-85 cm, Piace 682) are norwtheless dominantly spherulitic in tex.
ture, with rare phenocrysts of plagiocline and (altered) clivine, Pisce
B82 has an oxidized pone on one side, containing wesiclrs with orange-
rod clays and iron hydroxides, The rest of the section i grean, with
wesiches and portions of the groundmass made up of green cleys, The
pillow rim sample (113, 67-73 cm, Pieca 701) b dominated by &
but has over 10% euhedral plagioclas micr-

glass, and aiteration zonation next to cracks, Caleite,
snd smactitas sre in vain-like aggregates in Piece 665,

phenacrysts and microlites contered on the phenocrym. Smectites
replsce portions of the groundman and fill cracks, Both smectites
and iran hydroxides raplace alivine.

$0S ANV 10¢ SHLIS
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j i i .! | % DULKWLYSE:
§ ¥ 5 § _E 8 § E 5 g 3 g 2 Intarval fem) :;:-m ::-uo i ;?-:aa :fau
H s % 5 c £ % s §xs £ & BE E §53% s si0, 5026 5038 5044 5007 5095
8 §% 2 g8 B E 2 285 5% £ E 32 . H 2 22 8 B TiO! 098 085 0% 086 08
g ; E 3 £ E H g £ - g __E 8 ] ig ?E‘ g ig mzﬁa 1807 821 153 1509 1573
~ : 13342 132313 SR LERLIRS AL G ow o i W
- % 1 % s e i - w0 826 8% a1 8y 848
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1 % e T ¥50 0.18 03 0.14 a1g 0.0z
= h A [ ; A - ey 007 007 007 008 D08
i % ZB G o =" / ] Tou G056 8982 D962 98B eAT6
g : / 78 =[Sl [/ Ben & e E W
= 1 % R oe| g 7| cwcaa 043 04z o4z e oas
- 4 e W), Ve = 187 = w” w” e® e
o
822 — 9
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4 | n (% e 1 <5, 0oz 004 008 005 O
_ L G ) 2 —
E jn /G /0 ;.. e R MAGNETIC DATA:
4 A g ) ’//: T ; ﬁ gl 1 omGomontmmmitm v woL  wor
50— R ] 11, S0 = 1
] / s e e 7S L/ S .
Vi % % %[ | 132, 100102 20 — G
1 7 T ' 7 o T “n ¢ g@g 1 Beew o Smo s
- / a / /ﬁ / -
£ 1] |
= ? s A ; "o ; Dg| 8 7| euvsicas proeenTiES:
- V] 11 gl W la = O’ : | 4 Water Sonic
G = 2
. % o3 ; 78 % E o Chpmieams fre s peee mer wew
/] [/ L | 0 122, 107-109 125 158 2594 282 &0
1 "y e % 3 o % 1) o 4 134014z 261 723 284 274 543
| ] " - Lr n x/g 811 I % e | 132900100 226 825 285 276 6.67
L. / / = gy /_ 133, 711-73 208 BI7 288 21 5.73
] % Pl |n A % /§ A s2| (g 4 1esosw 238 865 286 276 5.66
100—{ T g R I /an = V] -3 1 —  THERMAL CONDUCTIVITY:
/ / £ B3 O Core-Section, am &
9 ] /1
4 % s A (] o [ s hll 4 13z00 176
. ,4 o / Lo Y =[O 4 B2 W
4 ’ e Iy 7=
7 Lr ] V] mU .
= V] & /] g 1 ¥/
/ G 816 /R — —
| % T o % T 7 1
oy X ? LR / /Il 17 ]
5 / 7 9 e :
i /) b O /X 2 '
A
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Eord ] L] (4 # 4 (4 L] 2 =
CORE/SECTION 121 12/2 13n 133 13/4 13/5
HOLE 5048, CORE 12 3B26.0—-3835.0 m (361 53705 mint) HOLE 5048, CORE 13 3636.0-3844.0 m (36153705 mbst] Thin Saction Descriptions

Four thin secthons were prepared from this core, all from pillow ar
flow interines [Samples 13-1, 143-150 cm, Piecs 765; 132, 117-118

$0S ANV 10§ SHLIS

SPARSELY PLAGIOCLASE-OLIVINE MICROPHYRIC BASALT
Nithologic unit A}

Thia care containg nxtramaly fine-grained portians of sparsely phyric
pillow, Thore e about 2% microphenocrysts of plagiocisse and allvine
up 1o 1 mm scrows, with plagiocieme dominsting, and ofivines replaced
by green umactites. There are myriads of cracks filled mainty with green
smactite, to & lesser extent with reddish smactite,

Thin Sectlon

Sample 12-1, 173-177 cm, Pieca 745: This sampls it from a plilow
intarior, snd has 8 dominantly spherulitic mesostesis. Thare sre scat-
tered microphenocrysts of olivine and plagioclass, and lsss than 1%
vesicles up to | mm scross. The section has a reddish tone nesr it
battoin, and o yellow zone on oo side, in which orangs and yeliow
wmactites predominate. Mom of it i grayish greon In colos, the green
coming fram green smectites in the groundmass,

APHYRIC BASALT PILLOWS lithologic sabunit 3A [Pieces 747—
812} and whunit 35 [Pieces 813-835] |

Sactiont 1 and 2 contain ssveral glass rinds, indicating the peesence
of small pillows, Sections 3 and 4 contain mars massive racks, but See-
tion 5 sgain containe glass rinds, There may thus be a flow of lerge
pillow in Sections 3 and 4. Tha bamits contain sbout 1% phanacrysts
of plagiockee and lessar olivine up to 2 mm scros. Veticles s rane of
wbasnt, Cracks are filled with green or red smectites, and olivines are
roplacad by smactites, Thare s & peculiar pitted 7one in Section 3
(Pigces 7BG-703} which sppears to have spats of lesching. Thess are
now filled with grean smectitas. Some of the spots am located alang
cracks, There in siriking oxidation onation in Section 3 and eipecislly
Section 4 [Pieces B01-B06). Thers are 8 number of smectite veins up
w1 cm wide in Sections 4 and § [Pieces B17, B18, 819, snd 822),
Glass marging are quite altered.

cm, Piece 7B4; 133, 73-75 em, Piece T82; and 134, 7-10 cm, Piece
02}, Thay contain a few per cent phanocrysts, mainly plagiociase
with leser alivine, set ina spherulitic to dendritic mesosass. All but
Pieos 782 are abaut 50% microlites, mainky plagioclsse, and Piece 782
has §-10% plegioclase microlites. Alterstion is fairly porvasive, with
smactites (and some pyrite] replacing olivine, a3 well & portions of the
groundmas. The smactites are mainly green, but there am local rones
of axidation whara smactites sre orangs or red snd associsled with
iran hythoxides. Piece BO2 is adjscont 10 crack, next to which s a
saquends of grasn, red, and yellow rones, with incressing distance from
the crack, These contain green, red, and yellow smectites, respec-
thealy.



601

BULK ANALYSIS:

i ; £ E
;g £ § 2
; ; & % 3 & Core-Section 142 151 152 153 154 155
§ 5 i ] | s Interval {om]  M4-40 126-128 3B-44 133137 68-82  17-22
" B | 38 k 2 . J " o] ﬁ _,, Si0y 50,38 50,00 50.04 50.08 50,10 50.18
IR IR INL 1} il B E e == EE
: 3 ; ] : Al 1 14, 1 16.35 1449 1526
om S8z 64 €S g S & S & = s & Fexy 888 071 1031 934 1080 1026
0— Ma £ — — — — M0 0.18 018 0.18 0.18 018 0.18
- Q —‘ i ¥ MgD B44 B4R 819 864 BE9 834
N o ﬁ d can zn 1300 1282 1289 1274 1284
(e} s L * 925 A Way0 188 167 m 20 189 182
= — 2 Ky0 0.13 0.07 0.10 a1 0.1 015
838 G) Z e G o 926 Z P05 0.07 0.07 0.07 0.07 0.06 0.07
1 “ = ! Toual 10000 9875 9983 9957 9998 10011
. — i — e = ug Lol 101 031 070 098 028 064
ws| O | 860 - B T o = 28 a | mgmprs 0 0En1 0611 0847 0614 0817
. p——t = 4 cacaral 0.428 0447 0434 0433 0444 0.433
w61l — bl SN A = »| G NI 18 103 110 126 103 100
- 840 T — 230 m ls - = o 81 & & 0 &1
X o - o 2 48 54 a8 51 53 8
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| 5 &ﬁ) w |8 4 L ) @ & 4] 0.07 001 0.14 0.07 0.06 008
L j BE3| = 8 ol
1 —| i a,: Q (",’r R Lo m] § la 7 maGNETIC DATA:
s0— sz [ O i 5 _ jon, Interval fem) NAM. INCL. MDF
_— E] ==y ; | o 14.1, 3841 04 287 180
J wil O 884 [- g, |l } ) #51 8 1 1222 1744 323 160
] = 153, 138140 1706 -242 150
N — s — x —~  154,1291m s701 310 180
WD o a7 LI—J.D i 155,52-54 2642 233 138
- 4
— 5 |
._l oy : 2 G Bes) G l]‘lg T i i
~|R | PHYSICAL PROPERTIES:
BB @ G Water Sorle
e % G g7 {.j G _l CoreSection, interval fem)  Content  Porosity  Wer-Bulk  GRAPE  Velocity
847 [@a) Iz a0)— | 141,39-41 R B85 281 278 656
N —_— i = o =] = 4 122229 192 540 268 282 5.80
s r . =M e s 153, 138150 15 as 280 276 579
= L 881 O - s — 154130122 122 348 2.04 295 622
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1 s 2 T © wl 8 L o
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CORE/SECTION 14/1 iz 16/1 15/2 16/4 15/5
HOLE 5048, CORE 14 3844.0-3848 5 m (37053750 mbst] HOLE 5048, CORE 15 3848 538575 m (375.0—384.0 mbat] Titanaomagnatite i skeletal. Thare i sharp cscillstory zoning on plagio:
clase microphenocrysts, Vesicles are minar (less than 1%], iregular in
SPARSELY OLIVINE MICROPHYRIC BASALT (lithclogic sbunit PLAGIOCLASE-OLIVINE SPARSELY MICROPHYRIC PILLOW BA- shaps, and filled with green or brown cleys, Piece B31 has the same
3B [Pieces 836-858] and subunit 3C [Places B80-869] ) SALT lithologic unit 3¢} sequence of red, green, and yellow alteration zones described in pre-
. . Thete are very fine-grained bualts with numerous spherulitic Tones vious sactions &1 being adjscant to cracks [although the crack did not
Thia short care containg sparsely ofiving microphyric pillow basalt, and same glassy rims, variably at the top, bottom, ar sides of pleces. survive the thin ssctianing process).
with abundant spharulltic zonei, and some glss margins. Olivios | Thare s some frash oliving but most is shtered, There are sbout 1-2%
less than 1% of the rock, less than 1 mm scross, and imvarisbly altered plagiociass phenacrysts up to 2 mm and traces of clinopyroxane pheno.
to smectites. Viesicles are rare. There are many cracks lined with gresn cryste. The rocks are guite fractured, with most fractures evidently
smectites. Lower in the core, there are some plagioctase phenceryits produced by pillow cooling and contraction (radisl, away from glan
Lo glomarocryst in Plece B40, seatiered phenoeryns in glasy tamples marging), Fractures sre genersily lined with green of red smectites
Pieces 868 and 868), Piece 569 has a glessy rim in the middle of the Fracuuring of soma pisces Is intenss enaugh for them 1o be affectively
pieca (a cored pillow Junction), breccist (g, Pigces 870, 873). Caloite poours in Piete B37. A peculiar
Thin Ssetion Descriptions grain size variation occurs in Pleces 954 end 955, perhaps the result of
Two similar thin sction, bath of fan/plumose spharulfitic basalt magma hyteidization or auto-intrasion in & plastic state,
near pillow rims, wers made from Core 14 materials, Samgpls 141, Thin Section Descriptions
31-35 om, Piece 840 has & faw large plagioclase phenocrysts and sbun- Four thin sections wers prapared from Core 15, two of pillow rims
dant clinopyrocene and plagioclass microlite. Plagioclass pheno- {Samples 151, 70-72 ¢, Pigcn B78 and 163, 8488 cm, Piece 814)
eryets camy sbundant glass inclusions, naw sitersd 1o clays. Thare are and two of coarser pillow interiars [Sampim 15:2, 9-21 cm, Piece
few vesicles, and those ara filled or fired with brown clays. Samale 891 and 154, 6-8 om, Plece 925). Pieces 878 and 914 inciude glass
142, 3234 am, Piece B62 & similar, but u bit more crystaliing, and has and spharulitic rones, with a few per cent plagioclese and olivine micra-
ted, green, and yeliow Tones of afteration poratieling @ crack at one phanocryits. CHivine is replaced,, and cracks filled, by wmectites. Pieces
#nd of the thin wection. The red zone is next 10 the crack. Clays of the BE1 and 825 are fan-sheat spherulitic, and ephitic spherulitic, respac-
colors mentioned partislly roplace the mesostasit In the respective thvaly, with i highar of i
Tones. and elinopyroxens, ranging from ckeletal to dendritic in mompholagy.
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HOLE 5048, CORE 16 3857538665 m (384,0-393.0 mbaf)
SECTIONS 16-1, 162, and 16-3, Pieces 956-998 (lithologic unit 3C):
SPARSELY PLAGIOCLASE-OLIVINE CLINOPYROXENE PHYRIC
BASALT; SECTIONS 163, 164, and 185, Pisces 599-1030 (litho-
MODERATELY PLAGIOCLASE-OLIVINE PHYRIC

Most of Sectiors 161, 162, and 18-3 s & wingla, fairly massive
fow with scattersd phenocrysts totalling sbout 1% of the rock. Alter-
atian i moderate, with olivines replaced by smactites, groen and lesser
rod smectitos lining cracks and replacing portions of the groundmass,
and distinctive med oxidized zones ocourring In Saction 18-2. Some
of the recks in Section 161 appear to ba mixtures of two or more
magmas streaked or blended plastically together. The cantrasting mater-
fals appear st rones of different erystalfinity in the rocks. Near the bat-
tom of Section 18-3, sre moderately plagiocisse-clivine phyric pillow
esalts (lithologie unit 4], with up to T0% plagiocisse and 5% afivine
phenocrysts up 10 4 mm scross. Vesicles sre rase, and absent in soma
pleces. Olivine is convarted inta red and green chry minerals and calcite.
Cracks sre abundant and flilad with graen smectite, Pleces 10061008
are brecristed.

Thin Section Description

Seven thin sections wers mada from pleces of this core, four and
thres respectvely from the two major rock types. Semple 16-1, 3-6
om, Piece 966 & from near the top of the flow, and is dominated by
@ apherulitic mesostasis, There are thin injections[?) of a fine-grained
But halacrystaliine material, incicative of the hybridization deserlbed
shove. The three other sections [Ssmples 16-1, 81-B3 cm, Piece
965; 162, 1214 cm, Pince 875; and 162, 87100 cm, Pigcs §82), are
coarser-grained, being microphyric or ophitic, with na spharulitic zones.
Thase, 1o, sthaw signs of autointrusion in a plastie state, Olivines are
replacad by smectites, and Piece D85 has an outar oxidized zone with
iran hydroxides, and inner zone with brown smectites. Vesicies are
abssent in all three sactions.

The three thin sections made from the pillow basalts (Samples 16-3,
102-106 om, Piees 999; 184, 8284 cm, Piece 1011; and 185,
106108 cm, Pieca 1030) have primanily spherulitsc groundimases in
which praminent snd fairly sbundant (5—10% aplece] phanotryst of
plagioclase 8nd oiivine are set. Plagioclste phenocrysts have shar,
normal zoning and some have v zoning, Olivires are g Iy
altered to smactites. The groundmass is mainly dark fan spherulites,
but in same cisri cryvialy ane and form
ophitic sggrogates. These are connected o the matrix by arborescent
sprays. Plagioclase phenocrysts are sometimes grouped into glomaero-
aryits.

BULK ANALYSIS:
CoreSection 181 162 16-3 165
Interval {em) 141143 BO-02 120-134 21-26
510, 492 43 4821 4841
i oL -] 082 0.50 0.84
AlyDy 14.63 16.48 1558 16.96
Fey0y 1.3 10,83 876 .42
MnQ 0.19 047 ois a2
Mg 8.04 a.09 BES 858
Cal 1252 1207 1202 1288
Ny O 202 173 192 178
ka0 020 0.0 on L AL)
P05 0.08 0.07 g 008
Toml 99.34 99.88 88,53 99.39
Lo o087 083 138 1.06
Mg/Mg+Fa 0584 0584 0,542 0643
CaiCarAl 0.438 0432 0.430 0,423
Hi i o 174 178
5 81 =] 80 80
zr 62 a7 52 57
H. - o.62 m 086
Cg - 008 025 0.2
PHYSICAL PROPERTIES:
Water
Core-Section, Imerval (em)  Content  Porosity  Wet-Bulk GRAFE
161, 20-22 2.3 657 287 282
16-2, 6-8 223 647 285 .76
163, 66--68 163 465 282 285
163, 134138 161 454 2.00 28
184, 103108 214 688 288 287
MAGNETIC DATA:
Core-Section, Interval [em)  NEM INCL. MODF
161, 20-22 221 -215 130
162, 6-8 83 -300 180
183, 6568 240 340 240
163, 134138 655 -3989 150
16-4, 105107 T.054 —_ —
THERMAL CONDUCTIVITY:
Core-Section, em ®
161, 2 170
183,88 170

183, 130 ()
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HOLE 5048, CORE 17 FG65-3881 5 m (393.0-388.0 minl

SPARSELY TO MODERATELY PLAGIOCLASE-OLIVINE PHYRIC
PILLOW BASALT (lithologic unit 4]

A continustion of the pillow basalts of Core 16, Glass rinds and
spharulitic zones are sbundant, But phenocrysts are scarcer than in
Core 18, with about 5% plagioclsse and 5-7% olivine altered 1o green
|_ 1 of red clays and carbonates, Some pisces hirve small but visible grain

of chromite. Altevation s minor 1o moderate, with 3 zone of oxidative
alteration near the top of Section 17-2. Veing are lined with green or
- red smectite and calcite, Oxidized rones octur mpecially i pillow
margins, The rocks are highly fractured. A radiating phillipsite clustor
G 1101 m < mm n Pieca 1070,

Section

=1 One thin section wa made from each section (Samales 17-1, 110-
114 cm, Pincs 1048; 17-2, 4649 cm, Piece 1084; and 17.3, 22-24 cm,
Piece 1074). All thres wre dominated by varbolitic or fan-spherulitic
gmundmasses, Plagioclsss and elivine phencerysts ase subedral and
granufar respectively, the lattar being replaced by green or clear clay
- minarals, snd caleite,

§ Piece Number
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HOLE 5048, CORE 18 3871.0-3876.5 m (398.0-403.0 mbsl]

J SPARSELY PLAGIDCLASE OLIVINE PHYRIC PILLOW BASALTS
AND FLOW (lithologic unit 4, to Plece 1084; lithologic unit B, Pieces
b 1085-1112)

For description of lithologse vt 4, see Core 17, Lithologse wnit &
it 3 wouence of pillows and thin fiows of sparsaly plagiociess olivine
o phyric basalt, Plagioclase phenocrysts and glomerocrysts are up 10 6
mm scross, and offvines up to 2 mm scross. They toml 5% and 2%
— respectively. Vesicles are 1% and up to 2 mim, There ere & surmber of
pieces with glassy or sphasulitic marging, and fractures lined with gresn.
b or red wmectites e sbundant. Clay minersis who replace olivine.
Thin Ssction Descriptions

Onw thin wection from esch swction wit prepared (Samples 181,
84-86 cm, Piece 1091 and 18.2, 100-102 om, Piece 1112, Each i
parphyritie, with 5=10% smectites. The groundmas is spherulitic 10
. micralitic, Plagioclase pherocrysts are normally zoned, with only
traces of oscillatory zoning in larger crystsly, Groundmasses are plu-
- masa to dandritic, verging en the granulas, Olivine iy replaced and
vesicles filled by smactite, and sometimes pyrite. Iron hydroxide sain
= Eng occurs in both sectiona.
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. BULK ANALYSIS:
CoreSection  17-1 171 172 173 181 182
= Interval [em] 3-8 110114 94-97 22-24 B4-88  98-102
N 505 5362 49.27 4985 4583 403 49.95
Tidy 003 0.91 092 0.95 124 13
| AlyDy 6.48 15.69 15.94 15.70 1685 1672
Fegly 10,83 0.9 9.90 9.88 10,18 B.44
E MnQ 0.08 018 0.18 018 0.18 0.22
MyO 2570 0.06 846 B.39 892 7.03
- ca0 132 1251 12.88 1237 1281 1306
179 198 208 1.88 238 241
1 0,08 o 0.14 0.2t 0.3 0.12
_ P05 0ot 0.0 008 0.08 0.16 0.18
Total 99.62 ®e6 10025 9997 10035 99.45
Lol 6.18 122 103 0.84 172 158
L Ma/Mg+Fe 0827 0845 0629 0628 0574 0623
L L —J Ca/Catal 0IS6 0420 0423 045 0408 0475
17/3 181 18/2 Ni - 74 158 128 10 160
Sr - 82 84 83 153 182
2 - 57 57 58 & s
Hy0 - 088 083 074 129 112
€Oy - 010 007 003 0.09 011

-

E -]

=]

[PIESle®l AVsle e DlQa]

60—

CORE/SECTION 1w

MAGNETIC DATA:

Core-Section, Intervsl [em)  NAM INCL, MOF
171, 0608 4702 120 180
172, 104108 6,408 171 145
181,71-73 1383 -7 e

PHYSICAL PROPERTIES:

Wetor Sanic
CoreSection, Interval fem)  Content  Porcsity  Wet-Bulk  GRAPE  Velotity
171, 0698 142 4m 2 282 5.978
172, 104108 .14 603 289 280 5.B64
181, 711-73 433 11582 273 268 5112

THERMAL CONDUCTIVITY:

Core-Section, om [
172, 104 158
181,77 1.60
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CORE/SECTION 181
HOLE 5048, CORE 18 3876538855 m [403.0-412.0 mbal)

A SEQUENCE OF SEVERAL LITHOLOGIC UNITS
PIECES 111-1131: A continuation of lithologic unit 5, pravicusly

described under Core 18. PIECES 1132-1138 (lithologic unit 6
Sparsely 1 moderately phyrict basalt. Phencerysts are plagioclase,
sbout T4 up to 4 mm, and olivine, abour I% end up to 2-3 mm
replaced by smectites. Vesclss are sbsent. Piece 1135 has o breceis
witached to & larger rock fragment. The bsalts rasemble thote of Core
17 rather than Cors 18. PIECES 11391184 [lithalogic unit 7): Fine-
gralned, sparsely phyrie basalt resembling Core 18. Phenocrysts ane
plagiociase [3—4% up to 3 mm) and alivine (1-2% up o 2 mm), Ves-
cles s sbeent. Groundmess is intersertal except lor Piece 1142, which
Is glessy. Oliving is comverted to green smectite. PIECES 1145-1157
llithologia unit B): phyrie  pisgioclase-olivine-clinopy
roceend basalt. Plagioclise phenocrysts are sbout 10% and up 1o 4 mm,
olivine 3% and up 19 3 mm, and clinopyroxene, less than 1% and up
te 3 mm, Some pieces are glassy, others spharulitle, and most micro-
litlc. Thera are vains and pssudomorphs (atter oliving) of green smec-
thte.
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Thin Section Descriptions

Sampls 19-1, 73-77 om, Piacs 1122: The taction consists of best
than 6% olivine snd 5-10% plagioclase phenoorysts with rare clino-
pyroxens phenocrysts set in a dense fan spherulitic groundrmess, Plagio-
clase phanocrysts have normal and oscillatory roning. Same are skebetal
and poikilitic sndosing anhedral plagioclase, others sre multiply twin
ned. Brown clays replacs olivine and fill vexicles.

Sample 18-2, 22-24 cm, Pleca 1135: The saction resambles Piece
1122 gxcept that the groundmats is more microlitic, The plogioclass
phanocrysts and glomerocrysts are largely siceiatal and normally roned.
Tha glomeracrysts am intargrown with altered alivine, Clays aw about
30% of the rock, in the matrix snd sfter olivine. The wmple hea 8
hisesis pasted on one side. 1tk malnly altared glass and spherulitic
material, finergrained than the clast, Plagiodase i partly altered to
eluys in tha bracels.

Sample 192, 59—60 cm, Pisca 1141: Thers are 5—10% subedral,
tabular, snd skelotal plagioclass phenoorysts and less than 1% alivine
o yits set in & i i, Soma of the itws contai
acicular needle-lae aietal plagioclsss srraved In sworls, Titanomag-
netite prows batween clinopyroxane dendrites and st junctions of

itgs. There sre round at ong end of the section, and
cosrser plumoss spheniies ot the other. Clays raplace olivine and
elinopyraxens and fill rare, round vesichn.
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HOLE 5048, CORE 20 3855538045 m (412.0-421.0 mbwl}
PORTIONS OF TWO LITHOLOGIC UNITS

PIECES 1158-1164 [lithologic unit 8): A comtinustion of the ms-
tovisl described under Com 10 PIECES 11661178 (litholagie unit 9):
This it o sparsely plagiociase phyric basalt, probably a single cooting
unit, parhaps & flow. Plagioclse phenacrysts (about 5%) sre eubvedral
or Tamm glomerporyits up to 3 mm scross. The rock i Teirly enytalline
with ophitic texture, and lscks chilled cooling seivages. Almast all
samples have a strong owidation zonation. Caleits occurs in the central
paats of crack fillings which are otherwise lined with elays,
Thin Section Description

Sample  20-1, 77-80 cm, Piecs 1169: This sampla, from a flow in-
ke, b nearly holocrystalline, and shout coually divided between

£ and with miner o and inter-

granular spherulitic zones, Texture is subophitic to intersertal, There
are auhodral ta wbhedral large plagiociases anclosed by and snclosing
anhedral to dendritic coarse ci and minor 1 i
rich mascstasis. Thare i & prominant zonethon in the thin section (gresn
at one and, red st the othes). Interstitial patches n the red zone have
dull rellective Fehydrowides with red internal reflactons. Green smae-
tites form patches in the green zone and sre emocisted with pyrite.

BULK ANALYSIS:

Corg-Section 181
Interval lem)  73-77
i 4926
ngi 137
a105 vz
Foy03 0.43
MnO 0z0
g0 649
Cs0 128
Na, 0 233
Ky0 015
Py0g 0.19
Taal 9992
Lol 156
My/MgsFe 0517
Ca/Catal o412
L] "z
Sr 178
Zr L2
Ha0 81
0.09
MAGNETIC DATA:
Cone-Soction, Interval [cm)
181, 101103
15-2, 8688
201, 108-111

PHYSICAL PROPERTIES:

Core-Section, Interval {om)

191, 103-105
10.2,83-89
201, 116-117

19.2 82 20-1
4640 B8--82 142-145
49,68 4.7 43.63
123 0.86 o
17.41 16,16 {[F4)
o a8 10.07
o.18 0.8 0.18
87 787 T84
12,08 umn 1287
an 2,07 AL
018 015 0.4
o7 0.08 0.1
0988 100.15 100,13
181 0.89 155
0595 os12 0.600
0408 0426 04
123 m 114
158 -] 85
85 51 54
123 0.66 1.8
015 0.07 o007
NAM INCL. MODF
75 -62 210
2,758 -10.1 125
2800 =314 108
Waror Sonic
Content  Porosity  Wet-Bulk GRAPE  Velocity
1.93 534 284 an 5868
144 413 298 287 8288
L 484 288 2 5685

THERMAL CONDUCTIVITY:
Cors-Section, em

182,83

1.67
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CORE/SECTION 2111 212

HOLE 5048, CORE 21 394539055 m (421.0-430 0 mbsi]
A SEQUENCE OF SEVERAL LITHOLOGIC UNITS

PIECES 1178-1206: A continuation of lithalogic unit 8, Pieces
11781180 sre breceias or pari brecclas. Piece 1182 has slickensides
in smectites Indieating reverse faulting. Similar faults are in Plece
1183, Veirn are filled with green or red smectites. Alteration i mod-
srate to intansa,

PIECES 1207-1221 (lithologic unit 100 Plagiociase-eliving phyric
basslt (plagiociase S5—10% up 1o 2 mm; alivine 6% up 1o 3 mm),

PIECES 1222-1242 (lithologic unit 11); Nearly sphyric plagio.
clasn-afivine basalt, possibly a flow, ganerally coars-grained.

PIECES 12431245 lithotogic unit 12): Samilar te unit 10,

PIECES 12461250 (iithologic wnlt 13}: Aphyrie plliow levas
with rare clivine microphenocrysts and several fresh ghassy margins.

PIECES 12611284 (lithalogic unit 14): Moderataly phyric hasalt
with phenocryits of plagioctese labout 5%) and olivine [bout 3%).
Three rocoversd glassy margine are flaz. Qe is within Place 1251,
Unit ressmbles units 10 and 12,

PIECE 1265 (lithologic unit 16): Aphyric batalt, pechaps a dike.
Wery finegrained baalt with o few microphenocrysts of olivine snd

L

PIECES 12661268 litholagie unit 18): Moderately olivine-plagio-
elase-olivine phyric basalt, Magiocisse i 10%, alivine %, and clinopy-
roxane lows than 1% of the ek, all up to 3—4 mm. Olivine i ahared
10 green clays with caldite cores.

Shipboard Studies
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213 21/4 215

GENERAL SUMMARY: The altornaticn within a few meters of
8 lithelogie wnits with contrasting tewtares and phenocryst modes
suggests & mpotition by faulting, or diking. Although maost of the rocks
arg finegrained, & numbar of the lithologic units lack glass rinds, sug:
gesting that the sequence wat not produced by owrlapping of fAlows or
pillews from differsnt sources. Alterstion is similar 1o cores asbove and
below, with olivines replaced by green smectites, and veing and frac-
tures lined with smectites and calcite, The occurrence of shickersides
In lithologic unit 8@ is suppart for the hypothesis that fauiting has
produced the repetition of unit.

Thin Section Dmseriptions

Sample 211, 10-76 cm, Piece 1188 (lithalogic unit B): Aphyric
subaphitic batalt, with about 40% plagicclase snd 50X elinopyroxene,
and nd itic sones.
There (s & complets gradation in grain size down to spherulitic, but
overall the sample is quite conrse-grained. Intarmitial patches hava clays
wnd secondary iron hydroxides, which are fairly reflactive,

Sample 21.2, 78-B0 cm, Piscs 1210 (ithologle unit 10): Sampls
fram a pillow rim with a dominantly spherulitic mesostasis. Plagioclase
phenoorysts (B 10%} accur as; 1) coarse anhedral glomerocrysts; 2|
wmall, loosely clumped glomaroerysts of subedmal crystals; end 3) single
crystals. Clinopyroxers phenocrysts s rounded and poikilitically
encloss plogiocisss, Olivine {5 altered 1o clays, and eubecral. The
groundmass is partly plumase spherulites, and partly coarsar-grained
witil sbundant sworts of scicular plagiociase. There i mines chrome
spinel. Clays are interstitial and repisce olivine and clinopyrosens,
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Semple 215, 37-39 cm, Fisce 1263 (lithotogic unit 14): This
sanple, from a pillaw interior, ha about BO% soherulitic material part.
by replaced by brown clays. 1t has aburidant micolitic 1o eciculer plag-
ioclse. Plagiociats phenacsyEls accur in the sme thrae categories o in
Piece 1210. The groundimads hass distinet scheulsr plagioclases between
which are abundant titancmagnetites, Olivires are replaced by chays,

Sample 215, 52-54 em, Plece 1268 (lithalogic wnit 15}: Scarterad

[1-6%) subudral plagi ph yits are set oo itie ground-
mass with finor ackoular mieralites, o i
between itic bundles. have & fuzzy

ion?), T ites are pitted, corroded, and

cracked, 3 sign of tharmal degradstion, Clinopyraxans, if once pressnt,
Is now altered, There are red, internally reflective axides in cracks, amd
& grean clay filled crack at one end.

BULK ANALYSIS:

CoreSaction  21-1
Imerval femi  70-75
50, 48.66
Tio, 100
AL04 1650
Fag0y a7

M0 0.18
MgQ 187
Ca0 1298
Nay0 216

K;?j 012
Py0g 0.09
Total 100,10

Lot 1.68
Ma/Mg+Fa 0,606
CalCatAl 0415

Ni 133 L}
S ar

2 50

Hy0 m

co, 0os
MAGNETIC DATA:
Core-Sectian, Intarvel {cm)
211, 137138

21.2, 5781

213, 123126
21.4,136-138

PHYSICAL PROPERTIES:
Core-Section, Intarval fcm)
211, 137140
21-2,68-61
21312315
214138138

THERMAL CONDUCTIVIT
Core-Section, cm 3
212,50 1.86
214,136 157

212 273 ns
101-1068 110-116 4346
4080 50,05 4981
078 059 074
16.76 16.85 16,00
.45 0.8 a2
0a7 0.20 0.8
178 .75 B.51
1348 1203 1320
182 214 m
0.08 004 012
0.07 0.8 o008
997 99.89 100.24
T 132 086
o818 0814 0834
0423 0.430 0.427
21 L] 130
58 95 55
4 B0 36
o8 0.84 0.0
oS 012 0.09
NAM INCL. MDF
2,087 -336 146
10847 _— —
3500 =207 80
3708 —26.0 170
Water
Content  Porasity  Wen-Bulk
245 683 285
anm 622 285
187 444 280
223 823 286

¥:

Welocity
5548
5671
5738
5828
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HOLE 5048, CORE 22 FB035-39125 m (430,0-439.0 mbsf)

MODERATELY PLAGIOCLASE-OLIVINE-CLINOPYROXENE PHY-
RIC PILLOW BASALTS litholagic unit 16)

This is & cantinuation of the lithologic unit deseribed at the end of
Section 215, The basalts have about 8% plegioclate phanccryst up to
2-3 mm, 5% oliving phenocryts up to 2 mm, now replaced by green
ard red smectiten, and 1% clinopyroxens phanocrystt up 1o & mm.
1 - Thare are & number of fresh glasy margine i the cone, Vesickes are
mbsent, Figces 12801283 are dissected by hairling fractures filled by
gean smectits. Pisce 1291 has phillipsite on ity wrince. Glass in Piece
1298 is almost completely ahered.

/] Thin Section Deseriptions

L] 4 Sampla 221, 23-25 m, Piscs 1271 Th rock i mainly swheru
litic on one tids, and about half microiitic, half sphenditic on the other,

/ — There are & few pee cent plagiocisse phenocryiis eccurring both as iso-

]
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————»  Orientation

1288 g 1302]
T 1287, 1303 lated erymale and @i glomerocrysts kmergrown with olivine, Ciays
1l weins, replace alivine, and ate associsted with & blsck, (sotropic,
iron hydroxide. Chrome spinel occurs in 8 microbraccisted crack.
G 1 Sample 222, B0-82 cm, Piece 1291: Plagioclase phenocrysts oeeur
m ungle, tabulsr crystals, single anhedral crystals, clumps of tabular
erystals, or i ths with cli in gl . Cline:
pyroxens microphanocrysts in the groundiman ene tabular 1o anhedral,
and some are intergrown with acicular plagiociase. Tha rock has two
prominent green-cloy-filled cracks paralieling one end (closest 10 and
paraliel to pillaw rim]. One goet right through a rounded {resorbed)
clinopyroxens phenocrys.

27

- |
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HOLE 5048, CORE 23 3912539305 m (448.0-457.0 mbsf}

| ESSP T (S

- 1278 MODERATELY PLAGIOCLASE-OLIVINE-CLINOPYROXENE PHY-
RIC PILLOW BASALT (lithologic unit 16)

A cantinuation of the lithalogie unit deseribed mainly in Core 22,
Pagiociase phenocrysts are 10% of the radk sd up 1o 4 mm, olivines
% and up to 3 mm, and clinopyrexene 3% and up to 3 mm. Vesicles
s are absent, Olivine is converted into green smectite and rare calcite.
Crucks are filled with green smectite and carbonates, Pisce 1327 weerm
st to ba an arestic from tha rock types of Cores 20 and 21, with tha red

SN
5]

—_—
3
Unit 18

E
-
Gl

A

1278

ST LS &=
[\\\\Aﬁa\\ %

¥
V]
v
q
a L] oxidation sones.
' b e 4 Thin Section Description
1278 o / Sample 231, 115=118 em, Piece 1326: This is Trom 2 pillow rim,
= =1 and is glesysphenlivic, and porphyritic, with fewer than 5% sach
GR / phenocryms of plagioclsse, olivine, and clingpyroxene, The plegio-
" T L1 T clases ocour o isolated erystuls, small tabular exystals in clumps, and as
1 o / =l o yits b with el and olivine. Clinogry-
foe) roxsne phenocrysts e guhedral and rounted; one clump of four
i5ed © | occurs. Oiivine is sitwrnd 10 ctays. The groundmass has sbout 20%
7 i i / microfites with anhedral Glass
- / 2 — oesun on one sdge, then seversl spherulitic tones (solated rounded
1287 s £ spheruliies, coslesced rounded spherulites, shoaf spherulites). Pyrite
B 1281 5 d  oceun asmociated with green clays in the matrix. A cheomisn spinel is
1 trapped in @ plagiociase phenocryst
= o [ —
Yo v e BULK ANALYSIS:
T 1 coreSection 224 n2 231
[r'=] j 4 -l Interval [cm] 2628 56-62  112-117
n G o 1] 50, a2 ez 4379
i — 1209 % 4 T, 0.70 074 088
Alyly 1623 18,50 16.42
- = FayOq 824 926 an
V1 MnQ 0.18 0.7 017
S b b 1 wmo 068 837 771
150 K L | - L] L] _— o I 12.88 1342 135
g - - - N 167 177 195
CORE/SECTION 2N 2/2 2213 % om 007 014
Pa05 0.05 0.08 0.07
Total 100,03 100.08 100.05
Lol 190 114 0.61
Mg/Mg+Fe 0475 D842 0610
CalCatAl o418 D424 o421
i 138 13 1"
S 50 53 7]
& a3 6 a8
Ha0 1.47 orr 053
€Oy oaz n.o4 003
MAGNETIC DATA:
Care-Section, Interval [cm)  MAM INCL. MDF
721, B2-64 4204 -265 i
231, 88-00 4855 -400 160
PHYSICAL PROPERTIES:
Water ‘Sonic
Core-Section, Intarvsl fem)  Content  Porcsity  WetBulk  GRAPE  Velocity
221, 62-84 198 554 287 284 5.944
231, 90-82 138 4,08 282 286 G187

THERMAL CONDUCTIVITY:
ian, em [

221,682 167

731,84 1.66
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HOLE 5048, CORE 24 3912539255 m (439.0—448.0 mbaf]
PIECES 1331-1391: MODERATELY PLAGIOCLASE-OLIVINE-
CLINOPYROMENE PHYRIC PILLOW BASALT (lithologic unit 18);
PIECES 1382-1397: SPARSELY OLIVINE PLAGIOCLASE PHYRIC
BASALT (lithologic unit 17)

The baslts in Sections 24-1, 24-2, and most of 24-3 are similer to
thote of Corss 22 and 23 In having sbout 10% plagioclase phenocrysts,
4% olivine yata, and 2% clir yits, batwesn 3
and & mm in diameter, Glassy zones, largely or partly altered 1o smee-
tites, ave sbundant, indicating very small pillows. Alration ls mod-
atate to interse. Fractures lined with green or brown smectites are
sbundant.

Baalts from Section 12-3, Plece 1302 downward, are sparmly
phyric, almost sphyric plagioclass-oliving finegrained basalt having
saveral fresh glasy marging. Here, 100, cracks are filled with green and
rod clay minerals, and there are red, yallow, end gray Tonas of alters-
tion,

Thin Section Deseription

Sample 24-2, 58—62 cm, Piece 1361: This is 8 moderataly porphy-
ritie plumase . with about 10% pl
and 1% or bets of olivine and el There are 4
types of ph enclotad by ciino-

yete: 1)
pyroxens in glomeroeryets) 2) in clumps of lame, eubedral orystals; 3)
. umaller euhadral crystalt in chaotic errangemant in glomarocryats;
and 4) s molstad crystals. The groundmass it brown and spharulltic,
with ite batwesn The hm tiny
acicular plagiociawe intergrown with snhedral dinopyroxene. Clays
and pyrits replace olivine, and clays fill vein.

HOLE 5048, CORE 25 3030,0-38365 m [457.0—463.0 mbef|
APHYRIC OR VERY SPARSELY OLIVINEPLAGIOCLASE PHYRIC
BASALT lithologic unit 17

This coms containg a eontinuation of the pillow basalts deseribed
under Core 24. There are sparse olivine microphenocrysts visible in
soma amplas, but which sre replaced by clays. Frash glassy margine
urd rones of spherulites sbound, A nesrly completely recoversd pil-
low or cacling unit fs in Saction 25.2 [Pisces 1428-1438), Thare are
numarcus cracks |ined with green or red smectites.
Thin Section Deseription

Sample 251, 70-72 om, Plsce 1408: This sample, from # pillow
interior, ramges from subophitic to coarsely spherulitic. There sre sbout
equal af and meso-
stasis. The suboghitic material appesrs &1 chumps of cosrsely intergrown

i and ol - s largaly rastricted

to the spherulitie zones. There are no obvious phenocryits, but » con-
tinwwm of grain sizes, There is much interstitisl stutf replaced by red
and grean tmectites, and sssociated reflective iwon hydsoxides. Tino-

magnatite it dightly pitted and cracked.
BULK ANALYSIS:
ton  24-1 242 243 %1 %2
Intereal om)  62-66 a5—oe 104106 0468 BE—99
5i0 40.48 4862 4857 5020 5088
0.85 088 1.00 089 1m
AlyDy 596 1682 1618 1471 1613
ma 869 877 852 10.58 024
oae oae 018 0.8 018
g0 B.60 8.40 B.54 8.37 B84
Ca0 1289 13.08 289 1284 292
195 193 189 20m 2.8
:r 008 009 015 008 0N
Palg o009 0.08 o008 o.07
Touwl 9987 994 10011 100.04 10055
Lol 083 o 083 0.8 063
Mg/MgFe 0EN 06X 0B 0611 0649
CalCatAl 0425 0429 0.420 0.442 0437
Ni m 15 18 22 115
Sr B3 L1} 20 L] 0
Zr 48 48 60 54 53
Ha0 078 084 08 040 0B
0.06 0.08 008 .08 oo
MAGNETIC DATA:
Core-Section, Interval [em) ~ NRM INCL. MDF
241, 100102 8540 289 170
242, 62-84 83y -3,.7 180
24-3, 76-78 5830 -1% 180
25-2,83-85 08 -253 110
PHYSICAL PROPERTIES:
Water
Core-Section, Interval {cm}  Content  Porosity  WetBulk  GRAPE
24-1,102-103 am 575 286 273
24-2, 6465 178 5.10 2.80 280
243,77-18 113 am - 286
25-2, 83-85 188 5.42 288 28
THERAMAL CONDUCTIVITY:
Care-Section, cm 3
242,7 166

252,83 189

Vislocity

5,866
5.784

6876
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3 g 3 z 3 2 HOLE 5048, CORE 26 2936.5-3939.5 m (463.0-466.0 mbef)
.E § .g & _E 8 E ¥ E g _E -g é i E ;% APHYRIC BASALT [lithologlc unit 17)
5 ; § § s E E 5 s Light gray, sphyric besalt with scatisred, rara olivine microphanc.
3 . B 2 z 2 FaE] 3 z g 2 2 = 32 k] cryits altered to clays, and one pisce with frash gless. Alterstion is
{ § 5 £ g i i 8§ 3 €E § E minar o modarate, with an exidation zane in Pieces 1453~ 1454, The
ma é & g &= ! 5 ! & S & & < &< z o & 32 &6 & < ::::':L:mmlm.mnmwmuw.wuwmmw
0= — - —_— e — — — -
e Thin Section Dascription
] a7 Q] i 1958 M5 |_ |_ |— . Sample 26-1, 86-89 cm, Pieca 1485; This sumpls has a faw per cant
-~ WC| each microphenocrysts of piagioclsse snd olivine, but is mostly micro.
= — BT 2 Y - itic to sherulitic in texturs, The groundmass s divided into; 1)
=1 -] ’@, A [an viallate chumps of radiating plagaciese and anbedral elinopyroxens snd
e 1448 D - —— 2} plumoss pherulites with titanomagnetite-rich  aterstital zones,
< dark brown in color. Clays replace ofivine and occur mterstitially.
— 1481 7|6 1479 @ o —  Fehydroxides siso occur in alivines and fonm the core of & vain on one
1448 O i # edgn of the thin section,
| — = 1480 G
& e ) J
1 -1 g
7 4 HOLE 5048, cORE 27
- = A vaes G 1481 @_ , CORE F9395—3948.5 m 1466.0-475.0 mbat]
- | — o —  PARTS OF TWO LITHOLOGIC UNITS
— | e (i ) PIECES 1458-1475 (Hithologic unit 17); At dascribed in previcus
| 1451 Q 6 1464 P % N - cores, Frash glass occun on two gicces. Alteratian is minor 18 mod-
s — = erate.
0] ] o AR = 7 g - PIECES 1476-1482 (ihologic unit 10): Thoss have sbout 7%
D < e B 5 e Vi plagicciase phenocrysts [2-5 mm) and 2-3% olivine phancerysts lup
7 1584 @ A 1 102 mmb. Thern s accossary chromite, The rock is moderately sitored,
= ; with secandery green and red clay minerals eplacing olivine and partly
= Ag 1458 — = or completsly filling cracks. Piece 1477 Is @ beeccin. Thers wre offset
— ~% 4 weins fifled with groen smectita in Piace 1281,
E ~
A we 7= e Thin Section Description
ol e | vam AE — Sample 27-2, 11-13 om, Prece 1478: This sample, from & pillow
1 o 1™ 1408 intarior, has shout 5% plagioctae p and g yits in &
s i K E‘ 7 microlitic groundmass composed mainly of scicular plagiccluse and
= ; 14 K = hemoss sphevulitic interstitial materlal, Mafic phanocrysts {olivine?
B % L =] dinopyroxana?} are now raplaced by clays. Titanomagretite i rare,
L1E [ 4 werhiaps most of it has been ahered. Clays are abundant in interssital
méj b R 1 T e zorws and as repiacamants for mafic phanocryste.
o —
= S /1 BULK ANALYSIS:
un t )] CoreSection 261 -
7 " 000 9 T il oy B2-58 130134
—— - so, 5036 4080
100 1887 (D ) Tidly w2
o Q 9 4 a0y 06 1768
= || -l ] o e
— - bl 3 3
e O n / Mgl B42 6.39
- — T / - a0 mn 1334
/J Naz0 1 2%
= — k0 017 009
— 11 Polg 0.07 0.10
7 1 Teul 0021 10050
) ¢ o 05 14
= /e MyMgtFe 0628 0583
4 x 1 cecea 0434 0407
—— Ni 103 158
= L —~ s @ 14
-7 Q T a z 55 L
. . Hy0 oe3 1
- LU 0 J o U U U U J1e ok
CORE/SECTION 261 amn 22
MAGNETIC DATA:
Core-Section, Interval [on)  NRM INCL.  MOF
271, 108111 a8 - 87 S
212, 106-108 4496 158 200
PHYSICAL PROPERTIES:
Water Some
CofeSection, Interval [om]  Content Porosity  Wet:Bulk  GRAPE  Valodity
271, 108-111 171 493 289 288 5747
7.2, 106--108 99 1083 274 282 5107

THERMAL CONDUCTIVITY:
Core-Section, em L3
271,108 163
271,106 164
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HOLE 5048, CORE 28 3948 53957 5 m (475.0-484.0 rabst]
PIECES 1487-1430 (lithologic unit 18): SPARSELY PLAGIOCLASE
OLIVINE PHYRIC BASALT; PIECES 14811558 (lithalogic unit 19):
SPARSELY-MODERATELY PLAGIOCLASE-OLIVINE-CLINDPY-
ROXENE PHYRIC BASALT

Pieces 14871480 are & continuation of lithalogic unit 18, dewcribed
under previous cores. In this core they sre moderstely altered, to red
smaectites and calcite, and include one place (1480 with & glssy rind,

Below Pisce 1490 sre basalts with 5-10% plogiociase phenocrysts up
to 3 mm, shout 3% alivine phanocrysts, also up to 3 mm, and 1-2%
clinopyroxene phenocrysts, up to 2 mm, Textures range from nesly
glasy to intarssrtal microlitie. Ataration is minor to moderate, mainly
onidative In Section 28-1, snd pon-cxidative (green smectites and
calcita] balow, Olivire is entirely replaced by green cloys. Piecs 1548
s 8 breccia,

Thin Section Deseriptions

Samnple 28.1, 110113 cm, Plece 1498; This sample, from a pillow
interior, i subophitic, It has scamtared plagioclsse end clinopyroxens
phenocrysts and glomerocrysts in a matrix nearly as coarss-grained as
the phenocryms, The sample has titanomagretite-rich interstitsl pat-
ches. The titanomagnetite shows evidence for tharmal degradation
Iwormy etges, eracks, sic). One end of the section shows oxsdetive
altoration. Interstitisl rores are replaced by uniform Fe-hydroxides
snd/or cley, which has saten into Ti-magnetites.

Sample 28-2, 73-76 om, Prece 1311: This sample Is from & plllow
fim #nd ks intanssly altered. It has & mainly relicn spherulitic ground-
s, with all Y and same rapleced
by ciays. The sample is breccisted, with cleys cementing pigces to-
gather. Thers ars many broken mineral [plagioclsse) graine in the
i,

Sample 264, 12-16 om, Piece 1541: This iz & glatsy 10 spharulitic
pillow rim sample, with 5-10% plagioclse phenocrysts, and & few
oliving and i ot ysts. we puhadral,
ehinopyroxenes subhodral, ofivines skelatsl, Glass is altared on one sde
complately 1o clays. The sample is mare o less & breccls, with many
ractured minersl graing.

Sample 28-3, 62—63 cm, Plecs 1546: This sample, from & pillow
intarior, has an intersartal o subophitic texture, with over 30 cach
plagivclase and clinopyroxens crystals, Pisgiocles and clinopyroxens
form glomerocrysts, and much of the plagioclass it skelatal, Clays
replace alivine and much of the groundmass, A moderately reflective
iran hydraxide miners! also occurs in the olivines.

BULK ANALYEIS:

Core-Section 81 n2 B3 83 284
Interval (cm) 110-116 30-43  33-37  FH-40  23-27
50.22 4951 4081 53.78 49.26
T, 084 108 083 0.03 083
ALy, 15.27 1892 16.10 807 15.98
Faglg 1038 10.08 882 11.36 o1
MO 0.18 017 0,18 008 019
Mg B80S E.T5 784 25.18 785
c20 1284 1283 1202 13 138
NayO 180 238 192 208 188
Kg0 0.8 0.0 0.04 0.158 0.08
PyOg o008 o o.o8 0.03 009
ol 10012 9993 10004 10004 9953
Lot 094 186 0.43 653 0.40
Ma/Mg#Fe 0.606 0571 0,816 (:11 0.608
CalCatAl 043 0410 0426 0184 0420
Ni 114 160 100 - L-x ]
& 52 108 80 = 80
2r 44 7 45 - 52
Ha0 087 181 045 - 054
coy o.a2 058 0.08 - 0.08
MAGNETIC DATA:
Core-Sectlon, Interval [=m)  NAM INCL. MOF
281, 85-07 3:%5 61 L]
28-3, 5658 4408 —48.3 160

284, 123125 30 428 200
PHYSICAL PROPERTIES:

Wiater
Core-Section, Interval {em]  Content  Porosity  Wet-Bulk  GRAPE
281, 865-97 1.74 5.02 288 287
78-3, 58-58 .30 am 292 m
284, 123126 1.80 517 287 278

Sanlz
Velocity
5818
5.600
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HOLE 5048, CORE 29 3957 5~-3962.5 m (484.0~-489.0 mbsf)
APHYRIC BASALT {lithelogic unit 20)

There are fewer than 1% total phanoorysts of plagiociass and olivine
in this core, There are a number of highly fractured, breccisted plces
toward the top of the core. Alteration i moderste, mainly to green
wmectites, speclally along cracks. Piece 1558 is oxidized.

Thin Seeticn Doseription

Sample 291, 5-7 em, Piscs 1550: This sample, from a pillaw
interiar, has a hyslopilitic texture with scattered plagiocisse phano-
crysts. Clays #ill cracks and glani?) inclusiors in the plagiociae. The
rock s largely transformed 1o dia. One edge i & clay-filled fracture,
There are one or two chrome spinels, and rare vesicies filled with clays.

BULK ANALYSIS:

-Section -2
Interval [em) 11-16
8i0, 50.49

0.89
:&: 1490
Fag0q 878
MnO 017
MgQ 843
cs0 1283
Nay O 238
Ky 015
P, 0.08
Tﬂ 100.24
Lo 098
Mo/Mg+Fe 0.632
CaiCatal 0435
NI 103
- m
Zr 52
Ha0 056
€Oy o.or
MAGNETIC DATA:
Core-Section, Interval fem]  NAM INCL. MDF
201,48 6158 —200 140
PHYSICAL PROPERTIES:
Water

Core-Section, Interval (em]  Comment  Poromty  Wet-Bulk  GRAPE
29-1,5-6 88 1086 271 263

THERMAL CONDUCTIVITY:
Core-Section, cm K
201,15 1.3

Nota: No recovary, Corss 30 and 31,

Bonie
Velocity
5.108

0§ ANV 10S SHLIS



611

Pinca Numbser

o
2.
g
T 2
Representation
Piece Number
e
Shipboard Studies

Shipboard Stucies

Orientation

L

160—
CORE/SECTION X1

T0-5048.32 Depth: 3871,0-3890.0 m (507 55165 mbaf]
T0.5048-33 Depth: 3800.0-3089.0 m [516.5-525.5 mbsf)

pyroxene-plaginclsse phyric basalt. Tha basalr s sitersd. No
wmsicles are prasent. The rock fragment s rounded and probably
has fallen into the hole.

32.1-32.2, Pisces 136172 [Unit 21)

Dominant Lithology:  Highly  olivine-plagiociasa-linopyroxane
phyric basalt.

Macroscopic Deseription:  Fine- to medium-grained highly olivine-
plagicclase phyric baselt. Evidences of slterstion and oxidation
are observed, Numerous fractures filled with smectite ars pressnt.
The smactite alss occurs o pesudomonphs and costings. Some
altared olivine(?) phanocrysts are stained (brown to red). Glassy
marging and rims are found In Pieces 140, 180, 173, and 178.
Thess are used 1o defing unit.,

Thin Ssction Descriptions
321, 2228 em (Piece 138):

Name: Basalt breccis — plagiocles, olivine, clinopyraxens
phyric lithic fragmen

Tcturs: Variolitic lithic fragmants

Phenocrysts: Olivire, 5%, 0.6x05 mm, suhedml; plagiociase,
15%, 0.8x0.2 mm, blocky; clinopyroxene, 5%, 1.0x05 mm,
suhedral-subhedral

Glass 26%, bry variolite, breccis matrix
Alteration: Smectites, 5% roplacing olivine

T R T S, I W VA P O . W D N T |

1oy, ; g |
£ 'EE S=§ s g -’.E
TR g1l
EIEiIE dat i Sggsai
m — ] — m -
R 7 e I 7
& ; v [ g
1 I®‘E} L A
A 1w -1° 4 B T
A ) -] ‘; L
L~ L1 L1 -
L1 g i ¢ [ d
|1 ‘/ 11 -
1 d 4
¢4 »
L g -
LA 4; L1
L] e ; -
g e g
;g ’m/ /N 7
A L
i +J g 7
1 d f
A 1 -
] ’
L1
; L1 ¥ —
1 A 4
LI P
— - —
g g g 1
" d g N
P L A
P v d .
P v 1 d
= 1
+w A =
13
Z S— (S J L L - wod —
322 323 33n

321, 9608 em [Pisca 149):

Name: Madium-grained plaghoclase clincpyroxene ofivine highly
phyric basalt

Tuxture: Glomerophyric

Phencerysts: Olivine, 10%, 0.2405 mm, subedral; plagioclase,
24%, 15x0.2 mm, subhedral to anhedeal; clinopyroxane,
6%, 0.7x0.5 mm

Groundmass: Olivine, 10%, 0.08x0.04 mem, anhedral; plagioclase,
20%, 0.16x0.01 mm, micralites; clinapyroxens, 3%, 0.08x0.08
mm, anhedral; magnetits, 5%, < 0.008, skeletal; glas, 5%;
hematite, 1%; pyroxens and plagiociase, 16%, mature sheat
toxture

Altaration: Smectite (clayal. < 1%, replacing ghess or filling tiny
woids

32.2, 1921 cm (Flecs 160):

Masme: Plagioclsss, olivine, clinopyroxens phyic baslt

Texture: Variolitic

Phenocryis: Olivine, 2%, 0Bx0.8 mm, euhedral; plagiociase,
30%, 15x08 mm, blocky lsths, clusters; elinopyroxsna,
13%, 08x0.6 mm, often gh

Groundmans: Glass, 83%, variolltes; magnetize, 3%

Aleration: Smectite (clays), 10%, scutmend and replacing olivire
and glass

322, 55-57 cm [Pisce 186):

Plame: Medium-grained NW plagioclase phyric basalt

Texture: Subglomarcph

Phenocrysts: Olivine, E!&. wuhadral, totally replaced; plagioclas,

13%, 0.8x0.3 mm, evhedral, wbbedral laths; clinepyroxene,
12%, 0.3x0.5 mm, subhedral
Groundmas: Glaw, 60%, immature, sheal texture; olivine, 2%,
0.06x0.05 mm, snhedral; plagioclsse, 2%, 0.15x0.01 mm.
microlites; clinopyronsne, 0.08x0.05 mm, snhedral; mag
netite, 6%, <0.008 mem, skeletal
Alteration: Smactita (clayi), 5%, replacing olivine
32-2-33-2, Place 173-217 {Unit 22)
Dominamt Lithology: Highly olivine-plagioclase phyric sltered
sl
Mpcroscopic  Description: Vary fine- ta medium-grained highly
olivine-plagioclase phyric altered bassll. Olivine phanocrysts
are froquently altered by & green [imectitel? material. Oxidized
veing (1-2 em thick) are present where clivine & replaced by o
dark brown mineral and plagioclose by a pale orange mineral,
The spparent Fe-oxidation appears to be comtrolled by the
fracture pattern. Blue gresn smectite is ubiguitous, in cracks,
woids, and vains.
Thin Section Descriptions
32.3, 2830 e (Place 180):
Mame: Medium-grained highly olivine plagioctsse phyric basslt
Texture: Glomerophyric
Phenocrysts: Ofivine, 5%, 0.8x08 mm, subedal: plegiocie,
10%, 0.25x0.08 mm, zoned euhedral laths
Olivine [+ py 1, 25%, men, an-
hedral; plagiocisse, 38%, 0.26x0.15 mm, micralite, mg-
netite, 3%, 0.04x0.008 mm, skeletsl: glass. 5%, rapleced by

smectite and associsted with magnetite; pyroxene phus plagio-
clase, 16%, mature sheat texture,

Alterstion: Semectite (clays), replocing glass, olivine, snd in.
Filings; hematite, surrounding olivine and filling fracturas

331, 73-76 om (Pisce 191

Mame: Medism. 10 codrsegrained plagiociase-alivine highly
phyric basalt.

Texture: Hyslo-aphitic

Phenocrysts: Olivine, 5%, 1L0x0.7 mm, subedesl; plagiociass,
V0%, 1.2x0.4 mm, lath-like euhecdrsl

Groundmass: Olivine, 10%, 0.04x0.04 mm, anhadral; plagioclase,
35%, 0.25x0.02 mm, microlites; clinopyroxene, 12%, 0.04x
04 mm, anhedral; magnetite, 5%, 0,16x0.16 mm, skabstal;
wpinel, < 1%, 0.04x0.04, svhedral

Vesicles: 1%, scattered and filled with smactite or hematite,
irregular

Alteration: Smectite and hematite replacing olivine, filling volds
and fractures. Talc(?) replacing olivine,

332, 5052 cm [Piece 207):

Name: Madium: 1o comrse-grained highly plagioclass, olivine
phyric basalr

Twxture: Hyalo-aphitke

Phencorysts: Olivine, 20%, 15x1.0 mm, euhedral; plagioclsse,
16%, 0.7x0.4 mm, suhadral laths, clinopyroxens, 1%, 1.2:0.5
mam, eubadral

Greundmam: Olivine, 5%, 0.07x0.07 mem, anhadral; plagiocless,
20%, 0.2 mmx0.01 mm, microlites; clinopyroxens, 5%,
0.7x0.07 mim, snhadral; magnatite, 4%, < 0.01 mm, skeletal;
ploss, 5%, interstitisl 1o wilicates; pyrowene and plagioclase,
20%, mature sheal texture

Vesiches: 5%, scattered and filled with smectite or hematite

Altgration: Smectite, tsic or tabe plus hematita raplacing clivine;
hamatite abserved bn voids aned cracks

332, 126129 cm (Phece 1281:

Nasmoe: Medium- 1o cosrse-grained subophitic basslt [moderately
plagioclese-olivine phyrich

Texture: Ophitic with soms small sress of glaw

Phenoorysts: Olivine, 2%, 18x16 mm, euhedrl: plagioclse,
2%, 1.2%1.0, subbedral laths

Groundmass: Plagiociate, 40%, 0.08x0.008 to 0.7x0.3 mem,
laths; clinopyraxene, 36%, 0.18x0.15 mm, anhedral; mag-
natits, 16%, 0.0240,002 mm, microlites and dealetsl orystaly;
ghass, 5%; spined, 1%, 0L1x0.1 mm, euhedral

Vesicles: 1%, 0.08 mm, scatiered and filled with smectie and
Feoxide

Alration: Smactits, < 1%, and Fe-cxides, trace, replacing glass
ared oliving respectively
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CORE/SECTION 34/1 34/2 3511 35/2
TO-E04E-34 Depth: 1980,0-3688.0 m (525.5-534.5
T05D4B-35 Dapth: 3898.0-4007.0 :mw::; natite, 2%, < 0.008 mm; glass, 10%, pyroxens plus plagic Texture: Hyalopdlitic

clase, 70%, wariolitic and subvariolitic texturs
Smactite (clays) ropl I

Phanocrysts: None
Groundmass: Piaginctuse, 35%, 0.4x0.02 mm, microlives; clinopy-

347, Piscas 218223 (Undr 22 continued]
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Dominant Lithology: Highly olivine-plageociase phyyric altered basalt
Mecroscopic : Madium-grained alivine-laghociass mader-
ate to highly phyric, alwred basalt. Basalt contaims mumerces
weinlets filled with green smectite. Corpleuous zones of a reddish
alteration miners! up to 2-3 om scross e present (n.g. Piece
219), Within these zones alivine crysaly ars crossad by Fe-oxide
ar iddingsite{7] filled fractures,

342, 118120 om (Fisce 253):
Name: Medium-grained highly plagiocisse olivine phyric basaly
Texture: Hyala-ophitic
Phenocrysts: Olivine, 7%, 0.8x0.8 mm, wuhedrai; plagiociase,
7%, 1.2x0.8 mm, suhedral ar sisbhedyal laths
Olivire, 5%, mam, enhedral;
25%, 0.06x0.006 mm, microlites, magnatite, 6%, < 0,008 mm,

roxene, B%, 0062001 mm, anhedral; magnetie, 8%, 0.01
mem, skebetal; spinel, < 1%, 0.06x0.06, subedral; pyroxena +
plagioclase, 40%, mature sheaf wxiure (partly replaced by
ron-hydroxide or oxide]

Vesicles: Miarolitic voids, 9%, 0.3x0.15 mem, filled with imectite
and Fe-hydroxides, very irreguler shapes

Aheravion: Clays (imectite] filling miarolitic voids; Fe-oxides
replacing the fine groundmass (pyrooene + plagioclase)

34.1, Pigces 224—233 (Unit 234}
Dominant Litholagy: Highly plagiociass ofivine phyric basalt
Macroscopke  Deseription: Medium-grained, moderately 1o highly

skeletal and scattered throughout the whole rock; pyroxens
phn plagiociasa, 5O%, mature sheaf toxture
Alteration: Fe-oxides, lilling fraciures, snd replacing grourdimas

plagioclas olivine phyric beah. Nemerous smphes havn fresh
[Piece 243) or altered (Piwces 234, 239, 240, 250) glassy rima,
and suggest a pillow unit. All samples are altered, Small veinlets
are filled with green and light white-green material {smectite
and calcite?]. In 1ame fractures reddish-brown iron-gxida (hems-
tite] occurs. Olivinm is replaced In almost all samples by fon
oxide or by iddingsite(?).

Thin Ssction Descriptions

34-1, 133134 em (Pisce 234);

Mame; Finegrained highly plagiocisss olivine phyric basalt

Tuxmwre: Glassy, variolitic to subwariolitic

Phenoceysts: Ofivine, 2%, 08x07 mm, eubedral; plagiotiase,
10%, 1.0x0.7 mem, subbadral laths

Groundmass: Plagioclsse, 8%, 0.2x0.005 mm, microlies; mag-

ard phenaerysts

34.1-35-1, Plecas 234267 (Unit 238)

Doeminant Lithology: Moderately plagiociase olivine phyric bisslt

Macroscopic  Desoription: Fine- to medium-grained moderately
plagioclase-olivine phyric basall. Veins of s white radisting
mineral (teclite] arn present. Glats rim fragments, partially
altered to green smectite, are observed (eg. Pieces 273 and
274). Brownish-yellow alterstion rones are shwayt observed
betwean dark pillaw rim and grayish crystaliing basaly.

Thin Ssction Deseriptions
35-1, 4446 em (Piece 264):
Mame; Medium-grainad aphyric besalt {flow interior)

36.1-35-2, Pieces 268-282 (Unit 24)
Dominant L

ithology: Spersely to moderataly plagiociase-cling.
pyroxsne-ofivine phyric basate,

Description: Fine-griained moderately plagiociae-
olivine phyric basalt, No glassy rimé are present, With the for-
mation ol Fe-oxides two differant slteration colars ocour; yel-
lowish gray (Pheces 284, 285) and redefish-brownish (Pieces 288,
290). These may reflect different cxidation states. From Piece
282 w the end of the core the lithologle unit is mom mamive.

Thin Section Descriptions



Grourdmas: Plagiociam, 10%, 0.9%0.04 mm maximum, 0,25x
0006 mm minimum, microlites; clinopyroxens, 2%, 0.08x

4!

36.1-38-4, Pleces 203-341 (Unit 24 continusd]

Dominamt Lithology: Sparsaly to moderasmly plagioclaselinopy-
roxene-clivine phyric besalt.

Macroseople Detcription: Medium- to coarse-grained maxive highly
olivine plagiolcase phyric basalt. Oflvine phenocryin (1-2 mm)
are frequenty altered, No glassy rims or brown aheration {oxi-
dation) is observed. Frectures are less numaerous and thinnes
than in previous lithostratigraphic unit. Pyrite ocours a5 & minoe
vain filling mineral, Some rare crystals of ayrite e aleo cheerved,
Veins of smectite (s.g. Pleces 328, 330, 331, 333) and zeolites
le.g, Pieces 330, 337, 336) are prosent.

Thin Section Descriptions
381, 7880 em (Pisce 298):

Mame: Medium-grainad sparsaly plagiociase-clinopyroxsne phyTic
basalt (flow interiar]

Texture: Subophitic to intersartal

Phenocrysts: Plogioclsse, 1%, 1.2x0.6 mm, subedral zoned laths;
clinopyroxane, < 1%, 0.5x0.4 mm, subhedral

Groundmass: Plagioclsse, 35%, 0.8x0.04 mm, eubedral laths;
clinopyroxene, 37%, 0.24x0.20 mm, anhadral; magrethe, 5%,
0.08x0.08 mm, subedral, glass, 20%, completely replaced by
Amectite

Vesicles: Miarolitic voids, 2%, 0.80 mm, scattared, fillad with
smactite or vaid, vary irregular sha)

Altoration: Smaectita, 22% raplacing glase or Hlling volds

MName: Medium-grained sparuely plagioclase phyric batalt [Flow
Intarior)

Toxture: Subophitic 1o intersertal (some glasy areas)

Prenccrysts: Olivine, < 1%, 0.8x0.4 mm, subhedral, totally
raplaced by green smectite and tale: plegioclase, 2%, 1.2x0.6
mm, sublwdrsl aths.

Groundmass: Plagiocie, 37%, 0.6x0.05 mm, eubedral laths;
clinopyroxens, 37%, 0.3x0.27 mm, anhadral; magnetite, 4%,
1.06x0.4 mm, swbhedral or skelotal | < 0,008 mm); glas,
20%, replaced by smectite

Viesicles: Voids, 4%, 0.8x0.3 mm, scattered, irregular shape and
TiHled with smectite

Alrerartian: Smectite, 20%, replacing glass and fllling voids

36-3, 101-103 em (Pisce 326):

Nome: Medium: to cosrss-grained moderatsly 1o highly plagio-
clam-clinopyroxens phyric basalt (flow interior)

Taxture: Ophitie to intersartal

Phanoeryits: Plagiockiss, 2%, 1,1x0.8 men, subhedral laths;
clinopyranens 2%, 1.2x1.0 mm, wbhedral

Groundmass: Plagiockme, 38%, 0.5x0.03 mm. wubhodral laths;
elinopyroxens, 38%, 0.2x0.2 mm, anhedral; magnetite, 5%,
0.05x0.06, skelgtal; glass, 16%

Alreration: Smectite, 15% replscing gless

Naena: Medim-grained o highty cli
pyrowene phyrsc basalt (flow interior]

Tesctura: Subophitic te stightly Intarsertal

Phenocrysts:  Plagioclase, 3%, 006x02 mm, subhedral laths;
dinapyraxena, 9%, 2.5x1.0 mm, subhedrel laths

Groundmass: Plagiociase, 40%

371373, Pincas 342-407 [Unit 25}
Dominant Lithology: Sparaly to moderately plagiocisss-alivine-

clinopyroxens phyric basal:

Fine- to gr
plagioctss-abiving phyric basalt, The bt i highly fractured
with sbundant glassy rims and glass zones. Many olivine pher-
crysts appear 1o ba altered to smectite. Zeolites, smectite snd
calcite are present §3 velns minerals. Oxidation products in
weing are also cheervad.

Thin Section Description

371, 116-118 em (Place 357):

MName; Finegrained,
ollving phyric basalt (next to glassy margin}

Texture: Subvariolitic to  sibglemarophyrie  |hyalo-ophitic)

Phanacrysts: Olivine, < 2%, 0.5x0.3 mm, euhedral; plagiocliss,
3%, 1.1x0.25 mm, subhadral lathe; clinopyraxens, 1%, 0.45x
1.5 mam, anhadral
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CORE/SECTION 3|1
70-5048.38 Depth: 4025.0-4034.0 m [561.5-570.5 mbaf]
T05048-39 Depth: 4034,0-4043.0 m [570.5—-579.5 mbsf)
38.1-38-1, Pieost 406168 [Unit 26 comtinued)

Dominant Lithology: Moderate plagioctase-olivine-clinopyroxens
phyric basalt

Macroscopic Desoription: Fine- ta medium-grained moderately
phyric plagioclsssclivine phyric besalt. Highly frectured with
vains throughout. Veln include calcitn je.g. Plece 413), zeolites
le.g. Pieces 413, 417), and pyrite {r.g. Plece 420, Glaw rims
and gl rones are pressnt throughout. Gresn imectits s dom-
nant mineral kn volis and fragment costings.

Thin Section Detcriptions

38-1,28-31 om (Piese 414):

Mame: Medium-grained moderately olivine-plagiocass-clinopy-
rexena phyric basalt [flow intsrior)

Texture: Hyslo-ophitic

Phanoorysts: Olivine, 5%, 1.7x0.8 mm, suhedral; plagioolass, 4%,
0.8x0.18 mm, subadral laths: clinopyraxena, 1%, 0.4x0.3 mm.
anhedisl

Groundman: Plagioctass, 30%, 0.3x0.01 mm, microlites; clino-
pyroxane, 5%, 0.08:0.08 mm, anhedral; magnetite, 2%, 0.01x
0,01 mm, skelatal; pyroxena + plaglociass, 45%, mature sheaf
taxture

Vesicles: Misrolitic voids, 8%, 0.6x08 mm, fillsd with mmectit
{core] and iron hydroxides (rind), irregule shape

Alteration: Calcite, | fractures, volds smoclated with smectite;
wmactite and iddingiite, replacing olivine and in voids and
fractures; Fe-hydroxides and Fa-ooxides in voide
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38-2, 129131 em (Pince 452];
Name: Medi inad, aliving plagh clino-

pyraxans phyric basait low interion)
Texture: Hyalo-ophitic

Phenocrysts: Olivine, 2%, 0.7x0.3 mm, subedsal; plagiociess,
2%, 1.2x0.3 mm, subhedrsl or euhedral laths; clinopyroxens,
1%, 0.35x0.30 mem, anhadral

Groundmass: Olivine, 3%, 0.2x0.05 mem, subedral or anhedrl;
plagiociase, 25%, 0.2x0.01 men, microbites; clinopyroxens,
2%, 0.04x0.04 rmm; magnetite, 5%, 0.01x0.008 mm, sabetal;
ghess, 5%; pyrowene + plagioclnse, 55%, mature thasf taxture

Vesicles: Voids, 04x0.4 mm, irregular snd scattered

Alteration: Calcite, green and brown smectits, Fe-oxides and Fe-
hydroxides replacing glass aliving and miarokitic voids

39-1, 4850 em [Piece 482):

MName: Fine-grained plagi
bataly iflow interior)

Texture: Subglomercphyric

Phenccrysts; Olivine, < 1%, 0.8x0.6 mm, euhedral; plagioclase,
5%, 1.1x0.8 mm, whhedral to subedral laths: clinopyroxens,
< V%, 0303 mm, anhedral

Grourdmass: Plagioclsss, 24%, 0.8x0.04 mm, microlites or laths;
clinopyroxens, 3%, 0.05x008 mm, anhedral; magnetite,
%, < 0.008 mm, skcebetal; spinal, < 1% pyrosena phus plagio-
clase, B5%, Immature and mature sheaf twxture

phyric

ALY
Unit 27
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Represantation
Shipboard Studies
Alteration

Piece Number
Orientation

Graphic

39-1-39-2, Placas 460485 (Unit 26)
Dominant Lithology: Spanely plagiociese-alivine phyric basalt
Macroscopie Dwseription: Medium-grained sparsely olivine plagio-
clue phyric basslt, The rock texturs i msdium-geained and uni-
farm having & mamive appesrance. Fractures, vains, and glass
are rare. A broccis zons [s pressnt from 110135 em. The braccls
Fragmaents are angubsr with & brownish alteration common, The
hreccia matrix is rich in graen smectite,
Thin Section Description
381, 140-142 cm (Pleca 478):
Mame; Sparsaly ofivine-plagioclase phyric basalt {How intarior]
Texture: Intersertal with cophitic srees
Phenccryses: Olivine, 2-3%, 0.36x0.35 mm, suhedral, plagio-
clase, 2-3%, 1.3x08 mm, blodky
Grourdmasn: Clivine, 30%, 0.7x0.7 mm, snhedral; plagicclae,
3%, 08x0.1 mm, seeletsl to lsthy, magnetite, 5—10%, 0.1x
005 mm, skelotal; glass, 26-30%, represented by microlites
and altared zones
Alteration: Smectite, replacing olivine and glass,
‘oucides, replacing glass and magnatite, scattersd

scattered;

3923, Pieces 487503 (Unit 27)
Dominant Litholoay:
phytic baalt
Macroscopie Description: Fine- to medium-grained sparsely 1o
moderatsly plagiociass ollvine phyric basslt. The sopesrance
of this unit is very fresh. No glassy rims or visible alterstion

«can ba obsrved In the zones next to fractures, Minor alteration
or wein filling minarals {zeclites, smectites) am obssrved in
fracturns.
Thin Section Descriptions
382, 4042 cm [Ploce 488):
Name: Fine- to e
basalt (flaw interior?)

Texturs: Hyalo-ophitic with groundmass being mature to im-
mature sheaf texture

Phenocrysts: Olbvine, 4%, 1.0x08 mm, suhedral; plagiociase,
10%, 1.1x0.5 mm, subhedral laths, sometimes zoned and cut
by opaque veins; clinopyroxens, 1%, 0.4x0.32 mm, subedral

Groundmass: Olivine, 3%, 0.08x0.05 mm, euhedral; palgiociate,
10%, 01220006 mm microlites; clinopyroxens, 2%, 0.02x
002 mm, snhedral; magnatite, 5%, skeletal: pyroxens +

70%, mature to i textune

Wesicles: Miarolitic vaids, 2%, filled with smactite

Alteration; Smectita(?) replacing olivine oryitaly

39-2, 135138 o (Piece 496):

Narne: Madium-grained moderately olivine plegioclsss phyric
baszlt {flow interios]

Texture: Gophitic to

phyric

o highly i

imtergranulsr
Phanacrysts: Olivine, 2%, 0.8x0.5 mm, suhedral; plegioclsse, B%,

1.2x0.5 mm, subhsdral laths

Groundmas: Plaglociess, 40%, 0.2x0.03 mm, laths: clinogyrox-
ana, 40%, 0.36x0.30 mm, sahedral; magnetite, 3%, 0.01x
0.01 mm, skeletal; glas, 7%

Alteration: Smectite, talc, 2%, replacing olwine (partly} and
e
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e 40-1-40.5, Piscst 504—5677 (Unit 27 continued)
] NEREERENEREENER s
§ g £ 5 £ : E E phyric basalt.
E ; 2 B g ; 2 E = § : = = Mediii B ained,
8 % g i é £ ! E B 5 & plagioclsssciivine-clinopyroxens phyric mamive baslt flow,
g & 5 2 5 & 5 & i 5 & -1 & Phaglociase is the most sbundam phenocryst [~ B%), olivine is
completely replaced by smectite. The alteration h light, glass
] B T wfols [] o SO O o O (- L Tl
d 1 580 w A 2 1 Tein Saction Deseripions :
o °
40-1, 124128 em (Piacs 5201
R LA A d i;j ] g o ? P 7 Narme: M 0 ined fivi
2 578 i phyric basalt,
P | o Yummg:l:w I‘:wn‘l
LA d sa2l(o ) 4 LA L o Phanoerysts: 6% subedral, somatimes zoned plagioclass (2.5x
L] /g 15 mm], 2% euhedral clivice (1.3x1.0 mm), < 1% subhedral
o =] » = | clinapyronsns (1.0x0.8 men)
0.~ Groundmess: 40% plagioclase [#ths (D.4x0.04 mm|, 40% snhedral
* 1 1 563 !?‘ f 576(| o T o - clinapyroxens [0.35x0.25 mm), 3% mmmmlm (0,08
4 008 mm) located in glasy seas, < 10% glan imterstitial
o 2 4 2 3 slicatet
1 p £ 1 2l Alteration: Smactite replacing glass and olivine
A 584 A m ’ P m,ss-“:hmlmml:
L o - Narme: me 1o grained, el
- L1 pyroxene-of ivine phyric basalt.
‘ L] N = Tuwturs: Ophitic to interseal
Lol | & Phanccrysts: 8% sbhedral plagiociase laths [1.4%0.7 mm], some-
LA ] L L1 thman zaned, 7% wibhedral to anhedral, twinned cinopyroxsne
* 11.2x1.2 mm, 1% suhedral olivine 10.7x0.5 mm]}
= ™ a | 8 e Groundmass: 35% subhedral plegioclass lsths {0.5x0.1 mml,
568/ | 4
o) 3% anhedral clinopyroxsne (055204 men), B% subbedral
1 L_, P oliving [0.08x0.05 mm), 5% magnatite (0.06x0,06 and 0.02x
— 0.01 mm), 6% glass
1 m So T Alteration: Glass and olivine is replaced by smactity
1] B S /n 7 *Note: 4.5 m were cored, 5.25 m basalt were recovered. Discrapancy
b o | g | ey e the resutt of materint dropping cut of Cors 30, or left un-
' o = 1 tampled batween base of cors and base of core bit. Thers are sito
LA | potentisl inaccurscies in recording length of plps from the rig floor.
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CORE/SECTION 4N 41/2 413 4104 421 42/2
;owu; m g’m‘i 5 m m Phencerysts; 5% biocky or lathy plagioclsse (0.6x0.3 mm); 5% Thin Ssction Daseriptians

subhediral olivine (0.8x0.5 mm); < 1% subhedral spinel 414, 42-43 em (Piocy B34}:

41-1-41-4, Pioces 578636 (Unit 27 continued)
Dorminant

Lithalagy: I
phyric basalt.

Medium- 10 inad
plagioclase-clivine-clinopyronene  phyric masive basalt fow.
Plagioclass it the most sbundant phenocryst [~ B%), olivine is
completely replaced by smectite. The slterstion i sliight, glas
it partly replaced by wmectite. A few fracrures are filled with
light-green or begwi-green smectite.

Thin Ssction Descriptions
411, 118130 cm [(Piece 584):
Name: Madium- to cosrsegrained highly plagloclme-olivine-
phyric basslt
Texture: Ophitic to slightly intarsartal
Phanocrysts: 8% wbhedral Inthy plagioclsse (0.8x0.25 mm),
7% euhedral alivine [28x1.5 mm)
36% wubhedral Laths (0.15x0.01 mm);
36% snhedral clinopyroxens (0.15x0.15 mm); 3% skebetal
magnatite (0.08x0.08 mm]; < 1% subhedral spinel [0.12%
0,12 mm], 5% glass
Alteration: Gles replsced by green smectite, olivine repleced
Iy pale green smactite and talc
41-2, 21-24 em (Place 500):
Name: Madfium: 1o cosrse-grainad moderately plagioclase-olivine.
phyric basalt
Texture: Ophitic to intarsertal

Groundmass; 40% plagiociase latha {0.7x0,1 men); 40% snhedral
olbving [0.1x0.1 mmi; 5-10% glast

Alterstion: Glass snd olivine replsced by brown-gresn enectite

41-3, 112=115 em (Plecs 625):

MName: Medium-grained highly plagiocisse-clivine-clinogyroxens
physle basalt

Texture: Hyalo-ophitic

Phanocrysts: B% suhedral plagiociase laths (085205 mm]; 5%
wuhedral livire {0705 mmi: < 1% subhedral elinopyroxene
10.4x0.4 mm}

Groundmass: 36% plagioclsss laths (D.16x0,02 mm); 35% an
hedral clinopyrcoena (0.08x0.08 mm}; 3% smbbedral olivine
10.06x0.03 mm); 5% skelotal magnetite (0.025x0.02 mm),
ok glass

Alteration: Glass and olivine replaced by green tmectite

41-4—42.2, Pieces B36-670 (Unit 28]
Dominent Lithology: Sparsy to moderstely plegioclase-clinopy-

roxens phiyric basalt,

Macroscopic Deseription: Fine- 1o madiam-grained sparsely 1o mod-

erately plagioclass-clinopyroxene phyric basalt flows, The flows
have glessy marging snd sre somatimes bracclated. The altsrstion
ir moderate comsisting of smectite replacing groundmass, Frac
tures are fillsd with smaectite. Fe-oxides occur in groundmass
ond fractures on Piocss 832-838, therefore the alteration b
exidative,

Nome: Medium: 10 coarse-grained dightly to moderataly plagio-
clasa-cliving phyric basalt
Taxturs: Hyalo-sphitic
Phenocrysts: I% broken plagioclase lathe (0.8x0.2 mm). 2%
euhadral oliving
0%

and eli microlites
having mature sheal texture; 20% plagioctase laths (0.5x0.01
mmi; 17% anhedral clinopyroxens (0.1x0.08 mm]; 5% an-
hedral olivine (006004 mem): 3% soeletsl magnatite (001
0.01 mm); 5% glass; B% miargiitic vaidy and crocka of irreguisr
shape

Alterstion: Green smectita complutely replaces glass and ollvine
and fills the misrolitic voidi

42-1, 5780 cm (Place 853):

Name: Medium- 1o cosrse-grained moderately plagiocime phyric
basalt

Texture: Subophitic with some intersertal arsas

6% euhedeal Laehs, 2 zoned
{1,205 mmj}
4E% anhedral 10.2¢0.1 mm); 35%

subhedral plagiociase laths (0.4x0.1 mm); 2% suhedral clivine
102x0.28 mam); 8% skelatal magnatite; 5% glass
Alieration: Glass and olivine completely repleced by smectita
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Subunit 304

Piece Number

Shipboard Studies

] 44-1-45.1, Pisces 717730 (Subunit 298)
Dominant Lithology:

70504843 Dapth: 4085540745 m (802,0~611.0 mbsf]
70604844 Dapth: 4074.5—4083.5 m (611.0-820.0 mbsf)
70504845 Depth: 4083.5—4093.5 m (620,0-529.0 mbsf)
43.1=44.1, Pleces 671=710 (Unit 28 continued)
Dominsnt Lithology: Sparsely 1o moderstely plagiodase-clino-
pyroxene-phyric bamlt.

Fine- 1 modi. ined sparsely 10
phyric basslt flows. The
fows fhawe glassy marging and are sometimes breccisted, The
alteration is modersts consisting of smectite replacing ground-
mass. Fractures ere filled with smectite. Feoxides oocur in
groundmass and fractures on Plsces 684—668.
Thin Section Description
441, 22-24 em (Pleca 701):
Name: Fine-grained i i i
basalt
Texture: Varotive 1o hyslopiitic
Phenoeryets: 10-16% plagiociase laths (0.7x0.26 mm): 1% su-
hedral clinopyroxens {1x1 mm}
Groundmass: 10% skelatsl plagicclass laths (05x0.05 mem);
% skoletal magnetite; 75% glass

441, Pigces 711716 (Subunit 204)
Dominant Lithelogy: Glomerophyric basft
Mecrawcopie Description: Fine- to medium-grained glomerophyric
basalt. A faw clivine phenocryets have besn replacad by smectite.
Some fractures are conted with smectite.

phyric basalt
Macroscopic Daseription: Unit of pilows sndfer thin flows with
brecciss and glassy marging, Fire. to medium-grained, moderately
L oliving-phyric basalt. Smectite replaces
oliving and partly the groundmass. Pyrite occurs in veine,
Thin Section Description
41, 8891 om (Pivoe 728);
Name: Fine to madi ined - cll
pyroxens-olivine-phyric basalt
Texture: Hyslopilitie
Phenocrysts: 3% subbedral plagioclase laths (0.9%0.3 mm}; 3%
subbedral clincpyroxans (0.8x0.5 mmi: 2% eubedral olivine
{0.6x0.18 mm)

A8% L wnd microlites
with mature shasf texture: 20% plagioclase laths (0.2x0.01
mm}; 7% subhedral olivine (D.8x0.18 mml: 6% anhedral
clinopyroxens (0.04x0.03 mm); 5% magretite (0.01x0.01
mm); 7% glass

Alteration: Glass is reploced by smectite, olivine is replaced by
smectite and talc

| #5.1-85.2, Pieces 731756 (Subunit 26C)

Dominant Lithology: Fine-grained glomerophyric basait

ik Bl Dyirtiith

45-1, 118121 em (Piscn 747):

Name: Medium-grained, moderately plagiociaie-olivinecling-
PyToxane-phyric basalt

Taxtre: Hyalo-ophitie

Phanocrysts: 3% suhedral plogioclase laths {0806 mm}; T%
euhedral olivine, < 1% subhedral clinopyrexsne (0.4x0.3
mm}

0 and microlites with
matury shea! texture: 22% plagiocise laths [0.3x0.03 mmj;
22% clinopyroxane [0.0Bx0.08 mm): 7% subhadral olivine
(0.08x0.08 mm); 4% skeletal magnetita {0.01x0.01 mm):
« 1% subhadral epinel {0.04x0.04 mm]; 5% gless, 6% miaro-
litie voids (0.04x0.03 mm)

Alteration; Smectite and calcite replaces olivine and glass. The
misrolitic volds are filled with a calorless smectite.

#5-2, Piacos T58~T768 (Subunit 304)
Dominent Lithology:

Phyric el
Macroseopie Description: Sequance of pillows andior thin flows.
Braccia and glassy rims are common. Medium-grained, moderately

$0S ANV 10§ SHLIS
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TOE04B 46 Depth: 4092541015 m [629.0-638.0 mbsf)
70504847 Depth: 4101.5-41105 m [638.0-647.0 mbsf}
46-1-47.2, Pigces 769825 (Subunit 304 continued]
Dominant Lithalogy: ik
phyric basalt.

Fine: to medium.gs
olivine-plagiockese.phyric bamit, The rocks appesr to be fresh.
Altoration minerals {smactita) oceur in fractures, Qlivine phano-
erysts are partly or completely replaced by smactite in some
areas. Pyrite ks alsc observed in soma fractures le.g. Pleces B06—
808, B14-816). Glass rims and marging sre scarce. However
Piecas B27--830 contain abundant glassy rims with the rim
material frequently altared 1o green smectite. For this reason
the saction |s desigrated Subunit 28F
Thin Section Description
46-1, 80—83 cm (Piece 775);

Name: Fine 10 hum-grained i el
myroxane, ollvinephyric basalt inext 1o glasy marginl,

Texture: Subgiomerophyric 1o hyalo-ophitic

Phenocrysts: Oliving, 3%, 0.4x0.4 mm, subhedral; plagiociase,
2%, 1.5x05 mm, subbedral zoned laths; clinopyroxens, 2%,
1 E6x0.5 rram, laths with rounded cormers, twinned

Groundmass: Ofiving, 2%, 0,16x0.08 mm, subhedral; plagioctass,
19%, 0,3x0.03 mm and 0.3x0.008 mm, micralites; clinopyrox-
ene, 8%, 0.08x0.08 mm, anhedral; magnetite, 8%, sheletal;
pyroxena + plagiociase, 70%, matwre 1o immature sheaf
texture

Altaration: Smectite replacing olivine

47-2, Plnces 826—830 (Subunit 308}
Dominsnt Lithology:  Highly plagiociasa-clinopyroxane-of ivine-
phyric basalt.

Fi ined highly plagi o
pyroxene-olivine-phyric besalt. Rubble of thin lsva flow. Glasy
margine on every piece of basalt. Glasy rima are complately
alterad to graen smectite.

Thin Section Description
47-2, 5657 em (Place B23):

Nome:  Fine-grai highly i i whyric
basalt [t 1o glassy margin]

Tenture: SubgomerophyTic and subwariolitic

Phenocryits: Plagloclsss, 7%, 0.6x0.16 mm, suhedral laths;
clinopyroxens, 7%, 30x1.0 mm, subedral  (comens  are
rounded snd often twinmed)

Groundmass: Olivine, 1%, 0.12%0.10 mm, euhsdesl; plagiociase,
6%, 025008 mm laths, 0.4x0.008 mm, microlites; clino.
pyroxene T%, 0.04x0.04 mm, anbedrsl; magnetite, 7%, py-
reene + plagioclsse, 70%, subwariolitic texnsre

Afteration: Smectite replacing olivine

47.2-474, Pieces B31-850 [Subunit 30C)
Daominamt Highly plagicelmse-clinopyroxsna-olivine.
phyic basalt,

iption: Medium- o grained highly plagio-
clase<linopyrowsne-phyric bacalt, The rocks ars highly fractuned
with fractures filled with green smectite and pyrite. Alteration is
non-oxidative.
Thin Section Description
474, 4245 om (Plece 8531
Mame: Medium- to coarss-grained
roxene-phyric basit [flow interior)
Tescture: e with ic lto
yrourimass
Phenocrysts: Olivine, 1%, 05x0.3 mm, subetrsl; plagloclase,
7%, 1.8x05 mm, subhedral laths; clinopyroxene, 7%, 1.8x
1.0 mm, suhsdral. The plagiociase and clinopyroxens i often
gathered in the same areas.
Groundmasn: Plagiockie, 5%, 025x0.01 mm, microlaths;
dinapyroxane, 36%, 0.08x0.08 mm, snhedral: magnetite,

highly  plagioclase-clinopy-

B%, 0.05x0.03 mm, skeletal; glass, 8%
Viesicles: Voids, scattered Irragular (may be due o thin section
weparation

greon smectite

$0S ANV 10§ SALIS
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CORE/SECTION 48/t 48/2
70.5048.48 Depth: 4110.5-41185 m (647.0-856.0 mbif)
70504849 Dupth: 4119.5-4178.5 m (656.0—665.0 mbsf]

48-1, Piocer 850886 (Subunit 30C continued)
Dominant Lithology: Sparsely plagiocisse-clinepyraxens-olivine-
phyric basalt.

an sperialy 1o

phytie plagiociase-clivine basalt, Tha basalt is medium-grained,

moderately fractured with gresn smectite the dominant mineral

filling the fractures. Pyrite occurs in fracturss [e.g. Piecas 850,

BEY, and B66). No zeolites and obwious oxidative aftoration are

obsarved

Thin Section Dmscription

48-1, 4649 cm (Piece B64):

Nams: Fine- to medium-grained sparsely
wne-oliving phyric basalt (flaw Intarior)

Texuwre: H litie with an intrserl

Phenocrysts: Olivine, < 1%, 0.4x0,025 mm, subhedrl; plagle-
class, < 1%, D.45x0.4 mm, sbhedral laths; clinopyroxens,
1%, 1621.1 mem, euhedral

Groundman: Plagioclass, 40%, 0.26x0.025 mm, nibbedral laths;
clinopyroxana, 35%, 04x0.04 mm, anhedral; magretits, 4%,
0.018x0.015 mm, skelutal; glass, 5% replaced by smectite;
pyronsna + plagloclass, 16%, mature sheat taxture

Vesicles: Misrolitic voids, 10%, 1.2x0.7 men, pardy fifled with
wmectita, irragulsr shapa

Alteration: Brown and gresn smectite replacing olivine and glass

. 5 H
i
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s
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Subunit 334
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481, Pigoes 867874 (Unit 31)

Dominant Lithology: Basalt breccia
Macrosoopic Dwseription: Abundant 1 mm—1 om sized angulsr to
subangular besalt fragments in & matrix of green smectits and
glass, Pigces 868 and B70 contain fragments >3 em in dismetor,
Thin Ssction Description
48-1, 9082 cm (Plsce BEB):
Mame: Basalt breceia (glassy margin
Texture: Lithic fragments are glassy to variclitic
Phancerysts: Olivine, < 1%, 0.5405 mm, subhedrsl to subsdral;
plagioclase, 5%, 1.0-05 mm, lathy clinopyroxens, < 1%,
D5x0.5 mm, subhedral-anhadral
Groundmass; Glass, 95%
Alaration: Smactite replacing original matrix and glassy frag:
ments

48-1—48-2, Pisces 8765887 (Unit 32)

Lithology: Sparsaly to modsrately plagiocime-clinopy.
roxene-glivine-phyric basalt
Fineg . sparsaly to
Al Iivine-phyric basalt. This unit repre
sents a msstive basalt flow, Alteration accurs mainly in the emall
fractures whers smectite and pyrite ave found, Olivine is also
altared to smectlts

48/4 491
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48-1-49-3, Pieces 915-856 (Subunit 338)
Lithalogy: i

Thin Section

48.3, 8285 em (Piece 902):

Name: Medium-grained plagiocisse-phyric basslt [Now interior)

Texture: Sub-ophitic to intersertal

Phanocrysts: Ofivine, < 1%, whbhadral; plogicclase, 15%, 1208
mm, squant 1o blodky

Groundmass: Plagioclass, 25-30%, 0.5x0.08 mm, skeletal; clino-
pyroxene, 26—-30%, 0.3x0.3 mem, subedral; magnetite, 6-8%,
skateral glass, 26%

Alteration: Clays (imectitel, 5-10% replacing glass and olivine

483, B5—88 cmiPiecs B03):

Nama: Fine- 1o medium-grained aphyric basli [next to glsssy
margin, variolitic patches)

Taxture: Hyalo-ophitie

Groundmass: Qlivine, 10%, 0.1x0.1 mm; plagiocias, 26%, 0.7x
0.05 mm; glass, B5%, obwerved as wasiolites

Altesation: Smectite, 10%, scattersd and replocing glass pockets

484, 1416 em (Pisce B10):

Name:  Fine-groined  plagioclass-clinapyroxene-phyric basait
[glassy margin)

Texture: Variolltie wxeure

Phenoerysts: Plagioclass, 20%, 15x0.7 mm, squant: clinopy-
roxane, < 1%, 16116 mm, blocky laths

Groundmas: Magnetite, < 5%, glass, B0%, obsarved a5 variolites

dbvine-phyric basalt.

Thin Ssctlon Description
482, 7678 cm [Piece BB4):
Name: Finegrained sparely 1o modsraly plagiocisss-clinapy-
roxene-olivine-phyric bassl (next to glassy marging

Texture: Hyslo-aphitic

Phanoerysts; Olivine, 1%, 1.0x05 mm, suhsdral; plagiociess, 2%,

0.8x0.7 mm, subhedral lsths with rounded cornars; clinogy-
roxane, 1%, 1.3:0.6 mm, subhadral slongated laths with roundsd
carmers

Groundmass: Olivine, 4%, 0.02:0.03 mm and 0.4x0.3 mm, suhedral;
plagiociuse, 40%, 0.12¢0.01 mm, microlites; elinapyrosene, 17%,
0.05x0.04 mm, anhedral; magnatite, 5%, 0.01 mm, deeletal;
pyroxene + plagiocksse, J0%, mature sheal texture

Alterstion: Smactite raplacing alivine

48.2-48.4, Pigces 859014 (Subunit 334)

Dominant Lithology: Aphyric to moderstsly plagioclese-clinopy-
rouene-olivine-phyric basalt,

Fine- to wained aphyric 1o mod-
arately plagiocise-clinopyroxene-olivine-phyric bacsit. This unit
represents 8 pillow sequence with possibly o amall flow In the
middle of the unit. The siteration is oxidative in the upper
portion us evidenced by the red-brown Fe-oxides in the fractures
and raplacing olivine, Altaration in the lowsr half is reducing as
evijenced by the presenca of pyrite, Fracturing s intense with
glassy marging present on 1op, sides and botioms of orlented
rodks.

Fine- 1o medium-grained
plagioclase-clivine-phyric bassll. The basalts are very often
brecciated. Smectite and pyrite ocur as fracture infillings,
suggesting the alteration is non-oxidative. Glassy rims and marging
are abundant,

Thin Ssetion

Bwcription

493,57 cm (Pisce 852}

Nama: Finegrained  olivine-plagiodase-phyric  basalt  [glassy
margin, next to glasy marging

Texture: Variofitic with aress of hyalopilitic

Phenocrysts: Olivine, 1%, 0.2x0.2 mm, subedral; plagioctase,
10%, 1x0.3 mm

Groundmags: Olivine, 10%, 0,1x0,1 mm, snhedral; plagloclss,
20%, 0.4x0.03 mam, skelatal . magnetite, < 5%:; glas, B5%,
wariolites and sheal texture

Altaration: Brown smectite, 5-10%, wattered, replacing olivine
and glass
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TO504861

Dapth: 4178.5-4133.0 m [666.0—809.5 mbaf]
Depth: 4133.0—4142.0 m [660.5—678.5 mbsf)
T0504862 : 4142.0-4151.0 m (678.5—687.5 miaf]
50.1, Pisces 957982 {Subunit 338 continusd)
Lithalogy:

H d phyric basalt,

Macroscopic Description: Fine- 1o medium-grained moderately
plagioclase-oliving-phyric baslt, Smectite rplaces olivine and
grourdmass, with smectit also observed filling fractures. Fe-
oxider (Phoce B57) and pyrite (Pleces 968—862) ocour s second.
ary minerals in veinlets and frectures. Glassy rims ste observed
in Piaces 957, 960, and 962,

50:1=62.4, Pieces 9511062 {Unit 34)
Dominant Lithology: Spersely to moderstely plsgiociase-olivine.
phyric basalr.

Medimm: to grained sparsely to
miaderatoly piagiociase oliving-phyric basalt, This unit ks 8 massive
cosrse ophitic basalt with a glassy margin at the top, Olivine
phancerysts and portions of the grourdmass dre replaced by
wnectite. Vaint are filled with smoctite and pyrite, indicatng
@ non-oxidizing condition. In Piece 1002 & small dextral fault
oocur, displacament is 46 mm.

Thin Section Descriptions
E1-1, 72=74 cm (Place 880);

MName: Coarsegrained sub-ophitic basalt {fiow interior)

Taxnure: Ophitic to intersereal

Phenocrysts: Ofivire, 4%, 0.7x0.4 mm, eubedrel; plagiccise,
4%, 15x05 mm, subhedral laths; clinopyroxens, 1%, 1.2x
0.5 men, anhedral

Groundman: Olivine, 13%, 0.1x0,08 mim, suhedral; plagiociase,
35%, 0.3x0.03 mm, subhedral laths; clinopyroxens, 30%,
0.08x008 mm, anhedral: magnetite. 5%, 0.04x0.04 mm,
skaletal; ghaw, B%

Altwration: Green wmectite and talc replacing olivine; smectite
replacing gles

522, 132-134 cm (Piece 1021):

Name: Coase-grained wb-ophitic  plagioclme-clinopyroxene-
alivine basal (flow interiar)

Texture: Ophitic to intersertal

Phencerysts: Pagiocle, 7%, 1.2x0.2 mm, sobhedral lathy
clinopyraxene, 2%, 1.6x0.6 mm, anhadral

Groundmas: Olivine?, 5%, 0.2x0.3 mem, anhedral, complutely
replaced by green wmectite; plagioclass, 38%, 0.3x0.02 mm,
wubhedral laths; dinapyrexens, 374, 0.3x0.25 mm anhetral;
magnatite, 4%, 0.08x0.068 mm, skeletsl: glass, 7%

Alseration: Grean smectita replacing glass and ollvine(?)
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Dapth: 4151.0~4155.5 m (687 5-892.0 mief)
Dapth: 4155 5-4160.0 m (592.0-896.5 mbef}
Dapth: 4160.0-4169.0 m (596.5-706.5 mbsf)
Depth: 4169.0-4178.0 m (705 5—714.5 mbel]
53-1, Pisces 10531087 (Unkt 34 continuad)

Dominant Lithclogy: Sperwly to moderstoly plagiociese-alivine:
phyric basalt.

Macroscopic Description: Medium to costsegrained speraly to
modarately plagiociase-olivine-phyric basalt, Olivine phanocrysts
and porthons of the groundmas are reploced by smectite. The
rocks are highly fractured. In tome open spaces in the veina

erystals and W mases have been de-
posited on top of smectite.

54-1, Pieces 10581066 (Unit 35)
Dominant Lithology: Fine-grained aphyric bassll.
Deseription: Moderate to highly vesiailar finegrabed
aghyric basalt, Vesiches sre mostly filled with dark gresn smactite.
Thin Section Description
54-1, 6264 em (Piecs 1085):
Name: Finegrained aphyric basait (naxt to glasy margins]
Texture: Hyslopilitic
Groundenass: Olivine, 3%, 0.26x0.20 mm, nubhedral; plagiociase,
10%, 052008 memn, laths, 0.3x0.01 mm, microlites; dino-
pyroxene, 5%, 0.03x0.03 and 0.26x0.08 mm, anhadesl; mag-
natite, 2%, 0.01x0.01 mm, skeletal; pyroxens + plagioclase,
80%, maturs sheaf mxture
Aleration: Green smectite replacing olivine

54.1-56-2, Piece 1066—1124 (Unit 36)

Dominant Lithology: Fine: to medium-grained vesicular aphyric 1o
sparsely glomerophyric basalt.

Macrascopic Dascription: Fine: 1o medim-grained vesiculasr aphyric
o sparsely glomerophyric bealt This unlt consists of swared
basalt flows which are separated from esch other by giessy
marging. Vasicles compriss approximately 5% of the basalts
(0.1-0.3 mm diameter] snd sre scatiered throughout. The
vesichst Bre ampty in the frath rocks and contain green smactita in
the altered rocks. Fractures are filled with pyrite and dark green
smactits.

Thin Section Description
54-1, 9184 om (Plecs 1068):

Nome: Fine- o medium-grained sphyric vesicular basalt {rext
0 glissy margin

Texture: Hyalo-aphitic to hyslopslitic

Groundmaem: Olivina? replaced by smectite; plagiociew, 12%,
04x0.03 mm, laths; clinopyroxens, 8%, 0.05x004 rmn:
magretite, 3%, 0.02x0.01 mm, skebetsl; pyroxene + plagio-
class, 76%, mature shoaf taxture

Vesicles: 5%, 0.12 mm, round and filled with snecthts

Alteration: Smectite in vesicles and replacing olivine(7)
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70-5048.57 Depth; 4178,0-4187.0 m (71457235 mbst)
70-504B-58 Dapth: 4187 0-4196.0 m (7235-732.5 mbsf)
70504858 Dapth: 4196,0—-4205.0 m (73257415 mbsf)
57-1, Pisces 11251138 (Unit 36 cominued)

Deminant Lithology: Medium-grained vesleulsr sphyrle o sparsely
lomerophyric basalt.

Deteription: Medium-gralned vesiculss aphyric o
sparsely glomarophyric basalt, Vesicles are filied with derk gresn
smactite. Fractures in Pisces 1127 and 1131 are Fillod with dark
green smectite and pyrite. Red-brown Fe-oxides sre presant In
fractures toward the bottom of the unit (e.g. Pieces 1133-1138).

Thin Section Description
871, 4042 cm (Piecs 1130):

= Mame: Medium-grsined vesiculer sphyric basalt (flow interiar)

Taxture: Hyslo-ophitic to hyalapliitic

Groundmas: Qlivine?, 3%, subhedral to snhedral; plagiociase,

35%, 0.25x0.015 mm, micralites; clinopyroxers, 32%, 0.08x

- 0.08 mm, anhedral; magratite, 4%, 0.02x0.02 mm, seletal:

glass, B%; pyroxsne * plagiociese, 15%, mature sheal texture

Vesicles: 3%, 0.3 mm, seattared, some filled with smactite, round

Alterstion; Green-brown smectite replacing gless, clivine(?), and

= filling vesicles

Shipboard Studies

N | Adteration
Shipboard Studies

B ow S w RN R R TRT S S N TR] Altertion

Pisce Number

s
el R Ia ([ SORT] L

Represantation

Orientation

i,
13

Shiphoard Studies
] Alteration
Piece Number
Graphic
Repressntation
Orientation
Shipboard Studies
] Alteration
Piece Numbar
Piece Number
—_ Orientation
Shipboard Studies
e PRGN FR— N TG R T o e o =, TN T A lestion
g!
o o©o
—
Orientation

2

Piace Number
Graphic
Represantation
Orientation

Tunis 38

§

B [E>d

—
=
2
v,
P2
—

1247

o
o
§

e

[[EX) &t en

§ §

S (T
o ol o

<
o\
N

162

Sy
g

l

| 571-56.1, Pigces 11381198 [Unit 37)
Dominant Lithalogy: Sparssly to modarately olivine phyric baslt
Medium- to grained sparsely oiivine

- phyric basalt. Fractures, minor in abundance, are filled with
green smectite, Pyrite octurs sy patches in some veing, Green
smactite I8 the dominant wein-flling minaral,

Thin Section Description

- 57-3, 112-114 em (Pigea 1178):

Mama: Medium- 10 cosrss-grained sparsely olivine phyric and wb-

= ophitic basalt {{low interiar]

Texture: Sub-ophitic 1o intergranular

Phenocrysts: Qlivine, 2%, 1.2x0.8 mm, subhedral

Grourdmass: Olivine, 7%, 0.26x0.25 mm, wihedral; plagioclase,
40%, 0.4x0.02 mem, lath; clinopyroxene, 42%, 0.35x0.30 mm,

- anhedral 19 subhedral;: magnatite, 3%, 0.04x0.04 mm, skeletal;

gless, 7%

o Alteration: Smactite replacing olivine and glass
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< 581, Pisces 1199—1246 (Unit 38)

i Lithology: C: e itic basalt dyke,

= Macroscople Dascription: Medism: to coarsegrained moderstely

plagioctisa-oltvine-phyric besalt. The upper contsct of the dyke

s wail documanted showing & glassy margin on an odiented pisce

with & 2x2 on thick fragment of the overlying unit s an jn-
™ clusion next o the glassy margin, The lower contact was not

f recovared, Oliving is replaced by smactits and low tale. Vainlats

are composed of dark green smectite and pyrite. The alwration is

nenoxidative.

Unit 37
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Nama: Conrse-grained subophitle baalt [flow interior)

- Taxture: Ophitic to intergranular

Phenocrysts: Olivine, 3%, 0.7x05 mm, esuhedral: plagiociass,
12%, 0,9x0.7 mum, subhedral; clinogyroxens, 5%, 2.0x0.8 mm,

EEA )

subhadral
e Groundman: Plagioclase, 36%, 0.25x0.02 mm, subhedrel lath;
elinapyroxens, 37%, 0.16:x0.15 mm, anhedral; magnatite, 5%,
0.06x0.,04 mem, skedetal; ghass, 3%
Altaration: Smectite replacing glass and ofivine
©8-3,97-99 cm (Piece 1235):
= Mame: grained highly ~cil phyrl
basalt (flow interior)
- Twcture: Subophitic
Phenocrysti: Olivine, < 1%, 0.8x0.4 mm, euhedral; plagiociess,
iy 8%, 11205 mm, subhedeal to anhedral; dinopyroxene, 8%,
18x1.0 mm, subhedral 1o anhedral
Groundmass: Olivine, 7%, 02x0.15 mm, subhedral; plagioclase,
582 583 el 32%, 0262003 mm, laths; clinopyroxens, 35%, 0.2x0.2 mm,
anhedral; magretite, 4%, 0.06x0.05 mm, skelotal; glas, 6%
Alterstion: Smectite replacing glass and alivine
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50.1, Pisces 12471253 (Unk 39)
Dominant Lithology: Aphyrie to moderately plagiocisse-olivine.
phyric basatt,

Description: Medium- to coarse-grained aphyric 1o
moderatnly plagioclase-clivine-phyric basalt. Green smectit and
talcl?) have replaced the alivine phenocrysts. Pyfite snd green
smectite ooour #s tracture fillings, The alterstion s non-oxidetive.
Some brecciated pieces occur In the upper part of this unit.
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TO5048-60 Depth: 4205.0—4214.0 m (74157505 mbsf]
T0-5048-61 Depth: 4214.0-4218.5 m (760.5~755.0 mbaf)

: 4218.5-4228 5 m (755.0—764.0 mbsfl
continued)

70-504B8-62 Dapth:
60-1-60-2, Pleces 12541278 (Unit 39
Dominant Lithalogy: A phyric 1o moderatsly plagioclase-ofivine-

phvyric basait.

Macroscopic Deseription: Medium- to coarsegrained aphyric to

moderately  plagiocnse-clivine-phyric  basalt. Ofivine crystals
are ahered to dark gresn wmectits, pyrite crystals are found in
weins (e.g, Piece 1273) o3 i green smectite, The alteration b
non-oxidative.

Thin Ssction Descriptions

60-1, 4850 om (Piecs 1260]:

Name: Medium-grained aphyric basalt {flow interior}

Textura: Intergranular to intarsertal

Groundemas: Olivine, 10%, 0.4x0.25 mm, subedral; plagioclase,
38%, 0.35x003 mm latha; clincpyroxens, 37%, 0.1620.18
mm, snhedral; magretite, 5%, 0.08x008 mm, seletal;
glass, 10%

Green Smoctite replacing glass and olivine

602, 4184 cm (Piece 1275):

Neme: Mediumgrained highly olivine-plagiociess-phyric basalt
fiow Intarior)

Texture: Subglomaraphyric, hyalo-aphitic to hyslopilitie

Phenocrysts: Olivine, 8%, 1.8x1.0 mm. subedral; plagiociase,
&%, 0.4x0.1 mm, subhedral laths

DOfivine, 7%, 004 mm,

15%, D2x0.02 mwm, microlites; clinopyroxens, 15%, 0,03
003 m‘nhldrll:mnﬂlliw. 5%, 0.01x0.01 mem, sicalytal;
pyroxens plagioclass, 42%, very mature sheaf texture

Alteration: Yellow green smectite replacing ollvine and partly
fiiling fractures. Blue grean smectite replacing glass

1 81.1-82.2, Pisces 12791339 (Unit 40)
Dorminant Lithology: Moderatsly plagiocisse-olivine-phyric bassits.

Fire- 1o medim-gr 1 to
highly fractured, moderately plagiociass-oiivine-phyric bassit.
This unit consints of pilkows and/or flows which s separated by
glasey marging, Alteration i evidenced by the presance of green

ecti plocing olivine and glass; filled
with smectite snd soma pyrite, The alteration is non-oxidative.
Phanocrysts am suhedeal olivine (< 1.0 mm) and subhedral lathy
plagioclase | < 1.3 mmi, The groundmass hay & mature shesf
TanTure.
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TO5048-63 Depth: 4227542365 m (764.0—773.0 mbsf}

631634, Pigees 13401382 (Unit 40 continuesd)
Dominant Lithalogy: Moderately plagioclase-olivine-phyric basalt

g 8 P Macroscople Dwscription: Fine- to medium-grained modermaly to
i I - 3 % highly fractured, maderately plagiocisse-olivine, phyric basalt.
_g ¥ B -] £ g i - B § The bauits are moderately 10 highly altared a5 documentsd by
H & é = s 'E g s 3 'E 5 'E g g 5 numarous umectite filled fractires and veiniets. Qlivies s replaced
2‘E | E " 5 3 g E g £ 3 H g 2 2§ 3 3 28 % E by smactite. Pyrite is also obssrved in fracturss, Same plagiocie
E E £ E ﬁ' g "; I g .§ g E § 5 g i g E phenocrysts have a maximum langth of up to 2 mm. Phenocrysts
g ; | & = L E are auhadral olivine | < 1.0 mm) andd subhedral lathy plagloclase,
§IE -] g ] < g g g &< 5 8 S & 3 £6 & o= & The groundmass has s muture shaaf texture,
— - — — — —— — — Thin Section Description
% 4 ;l 623, 3033 cm (Piece 13601:
bl < Name: Madium-grained, moderately plagioctase-alivin-phyri
/ 4 ma; N ately  pi E v yric
‘asalt {flow interioe)
1 ; =1 Textura: Hysle-ophitic
it T = Phenocrysts: Olivine, 2%, 1.0x0.5 mm, euhedral; plagioclase, 5%,
1.3x0.4 mm, subhadral laths
’) Groundemass | Olivine. 4%, 0.08x0.2 mm, subhedral; plagioclase,
¥ g - 10%, 002402 mm, micrslits; clinopyroxens, 6%, 006
1378 L/ 0.06 mm, snhedral; magnatite, 6%, 0.04x0.04 mm, skeletal;
.’ A glass, B%; pyroxene + plagiociase, 58%, very mature shesf
il tature
A 1am f | Vesicles: Miarclitic voids, 2%, scattered, irregulur shaped and
_ fillee with green smectits
Alteration: Green smectite replacing gless: green smectite, takc(?]
1380 v Y P - and opaquast?] replacing olivine
4 0
| 632, Pieces 1383—1400 (Unit 41
1 1m A 11 1] Deominent Lithalogy i livine-phy
1 o haghly why
+ - basalt,
4 -~ C] ; d ] Macroscopic Daseription: Small unit of massive, medium- 1o coarse-
‘ Fllcl‘ur‘ll contain m‘:i:‘nw' il el i e
= . Smoctite alwo occurs n veinlets and
* A1 e “ roplaces olivine and glass. Glassy rims are abundant, Alteration
E Ei 1 § 4 - - is moderate and non-cuddative,
=1 [ = : Thin Section Description
g == 3 W‘EE-% [ /g 1 634, 45-48 em [Pisce 1395):
- Name: Medium- to o highly i
— 1384 O % e b phyric basalt (flow interiar]
(2 V] Q 1mel|” © f & Texture: Suboghitic to intersartal
E oQ = Phenocryst: Olivine, 5%, 06x02 mem, suhsdral; plagiociass,
F—== =2 8%, 12508 mm, subhadral laths
F_- 1 D h Groundmam: Plagioclsse, 38%, 0.12x002 mm, laths; clino-
o c . pyroxane, 37%, 0.12x0,10 me, anhedeal, magnatite, 4%,
< /] 9] 00| T 0.02x0.02 mm, skeletal or elangated: glass, 7%
1388 1 % ¥ J Vesicis: Miarolitic voids, 6%, 08x0.2 mm, filled with green
o © Q — smectite, irregular shape
‘ — g — o — Alteration: Smactite and tale(?) replacing ollvine, smectite raplae-
L——
171 4 ing glass
w ey 5] x L 834, 60-61 em (Pisce 1400):
} (ool P Bic b2 L 1 0 ] A Name: Modium-grained highly plagiocisinclivina-phyric basait
"-‘E'} — (et to glassy margin
— ™ _ Texture; Hyalo-ophitic
A ? ] 1 s BO ¥ Phenocrysts: Olivine, 5%, 0.6x0.5 mm, suhedral; plagiociss,
’ m’ 00 ¥ — 12%, hfhmn\, roundsd or gubedral laths, 15405 mm, wb-
hetirsl laths
= A 90 1/ 4 Groundmas: Oliving, 15%, 0.1x0.1 mm, subhodral; plagioclase,
' sassl—] 25%, 0.4x0.01 men, micralites; dlinopyroxene, 15%, 0.08x0.08
v bV - mev, anhedral; magnetite, B%, 0.03x0.03 mm, skaletal; glass,
‘ ;“ 10%, pyroxens + pisgiociase, 10%, vary mature shaaf texture
1389 " [ b Alration: Smectita replacing glass and oliving
LA v T 834, Plece 1041 (Unit 421
ﬂﬁ Py | Sea Deseription nuxt pags.
58 1390, 1Y
EVJ t P \_1 L _— L L L L L -

63/4
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h 1418 ﬁ
5 e .:',_‘: t
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Sar TOTION ot Sl w2465 m 7507058 et
70.5045-65 Depth: 4245542545 m (782.0-791.0 mbsf)

70604566 Depth: 4264 542635 m (781,0-800,0 mbsf)
64.1, Ploces 14021418 (Unut 42 continuad)
thology: ivi phytic basalt

Fina-grained olivina-plagic-
clase-phyric basait, The unit consists of highly fractured pillows.
Giassy marging are found at tha top, sides, and bottom of orlent
ed tamples, Fractures are filled with green smectite. Fa-oxides
occur in some frsctures with pyrite common toward the bottom
of the unit aoourring with hematite.

B4-1-64-3, Pinces 14201444 [Unit 43)
Dominam Lithology: Fine. to medium-grained sphyric bassis
ion: Fine 1o medium-grained aphyric basaly
The bottam of the unit is more fractured and breccisted and has
@ few glassy marging, Smactite fills fractures and replacos growund-
mass, Pyrite i commen forming eggregati up to 3 mm in size.
Alteration is non-oxidathve.
Thin Section Description
64-2, 128131 em (Plocs 1437):
Name: Fina-groined sphyric bawslt (next 1o glassy margin or
flow Interior)
Texture: Hyslopilitie 1o hyalo-ophitic
Groundmass: Oflivine, < 2%, 0.3x0,16 mm, subhadral; plagiociass,
10%, 0.3200.02 mm and 0.12x0.10 mem, laths, clinopyroxens,
10%, 0.1x0.08 mm, snhadral: magnetite, &%, 0.02x0.02 mm,
skelotal; glass, 5%; pyroxens + plagioctase, E7%, vary mature
sheat texture
Grean
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NN N NAN NNNANNKN NTRRN

Piece Number

N

s 3 g :
Pl g b
2 3 ’% zZ 2
i iy
IERIS RIS )
[ sF
LA 4
L~
A 0 .
I
LA LA s
A4 e P :
A e
~
1
A
11 ™|
» B 4
1 =
” \
=
L
#i LA
L1 +
d LA
L~
LA
L
L]
£~
\ \
L1
=
d A
d “

65/1

64-3-64-2, Plece 14451467 (Uniz 44]
Domimant Lithology: Highly plagiocluse-pyroxene-phyvic basalt
Macroscoplc Description: Massive, cosrso-grained, highly plagicciase-
wyroxsne-phytle bawlt. Smectite completely reploces glass and
alivine and coours in froctures, Pyrite i1 slo pressnt in some
veins,
Thin Section Description
644, 51-53 em (Phece 1465):
Marme: Coarse-grained plagicciasepyroxane highly phyvic bawmlt
[fiow interice}
Teorture: Subophitic to intersartal
Phenoorysis: Plagioclase, 6%, 1.2x05 mm, subhedeal laths;
clinapyraxens, 6%, 1.2x0.8 mm, anhedral
Groundmass: Olivine, 2%, 0.3x0.08 mm, euhedral; plagiociase,
3%, 04x0.04 mm, subhedral laths; clinopyroxens, 37%,
0.2x0.2 men, anhedral; magretite, 4%, 0.06x0,04 mm, skeletal;
glass, 16%
Altoration: Green smectite replacing glass and oiivine

644662, Pleces 14631510 (Unit 45)

Dominant Lithology: 1o highly divina-phyris

basalt,
Macroscopic Duscription: Highly fractured, fine- 1o medism-grained,
1o highly dlving phyric basalt

pillows andfor thin flows. Glassy margins and brecciated basalts
ars gbundant. Smectite completely repleces oliving and the
grourdimass in brecciated places. Fractuses are fillod with gresn
smactite.
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Thin Section Descriptions

64-8, 123-125 em (Pece 1471):

Name: Madium-grained highly plagioclass-alivine-phyric hasalt
[How intarior)

Textura:  Hyaloophitic 1o i

Phencorysts: Oivine, 4%, 0.7x05 mm, euhedral; plagioclass,
B%, 1.2x0.4 mm, euhedral laths; clinopyroxens, 1%, 2.0x0.5
mm, subhedral

Groundmass: Olivine, 3%, 0.01x0.01 mm, mubhedeal; plagiocisse,
6%, 0.25x0.01 mm, s %, 0,
mim, anhedral; magnetite, 4%, 0.01x0.01 mm, kaletal; py-
renetne + plagsociase, T3%, mature sheaf xtug

Wesicles: Vein, 6 mm thick filled with radiating zeolite crystals

Alteration: Green and colofless smectite raplacing olivine

66-1, 98—100 em (Pisce 1500]:

Name: Fins- i ined dis ol it
basaht {next to ghassy marging

Taxture: Hyalo-ophitic to hyalopliitic

Phanoerysts: Olivioe, 1%, 0,302 mm, gubedral; plagicciase,
%, 12x025 mm, euhedral laths; clinopyroxane, 4%, 0.3x
0,1 mem, laths with rounced comars

Groundmess: Plagicclase, 7%, 0.12x0.01 mm, microlites; dino-
pyroxens, 7%, 0.04x004 mm, snhedral; magnetite, 7%,
< 0.008 mm; pyroxene + plagioclass, BO%, subvarialitic to
Imemature shaat taxmnire

Alteration: Green and colorless smectite replacing olivine

66-2, Pisces 16111524 (Unit 46)
Dominant Lithology: Aphytic basalt,
i Massive medium-grained aphyric basalt,
Glas in the groundmass fs complatsly replsced by graen emectits.
Fractures aro fillod with smectite. The frectures slso contain
scatiened clusters of pyrite crystale.
Thin Sacrion Description
662, 71-73 om (Pisce 1615):
Narme: Medium-grainad aphyric baalt (flow intarior]
Texture: Subophitic to intweeral
Groundmas: Olivine, 4%, 0.16x0.16 mm, wibbedeal; plagic.
chso, 40%, 0.3x0002 mm, subhedral lathi; clinopyroxens,
#0%, 0.26x0.25 mm, anhedral
Altaration: Grasn smactite replacing glass and olivine
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T0-5048-67 Dapth: 4263542725 m (800.0-809.0 mbai]
T0-5048-68 Dapth: 4272 542815 m (809.0—818.0 mbaf]
T0-5048-68 Depth: 4281,5-42905 m [816.0-827,0 mbsf)
705048-70 Depth: 4290543005 m (827.0-836,0 mhsi)

671, Piscs 1525 (Unit 46 continued)

g é é = E B Dominant Lithology: Aohyic basali.
% i 5 ) % 5 S § 5 3 - E i g g M-r.lm':e Dnmm_um:lmm mi_un»;qnln; :_n\fm sl
.E E s .g E ; 5~} 5 @ .E ;3 5 g Groundmas consists of oliing, plagioclase, Inopytoxene,
g g E g § 5 3 iz g E 2 8 H E £ 35 E £ g Glass in the groundmass Is complotely replaced by smectite.
B E k z £ Z 5 k-1 z 2 B 5 s =z 2 E E = z 28 B Z 2§ B s Fractures arn filled with smectite with some containing chustars
8 BE E 5 3 E $E E2E EEE 23 H %L of pyite,
£38 253 182332 : B3issd Bi2zs: B8Ri 3 58351
om 67-1-69-1, Pieces 1526-1547 (Unit 47}
0= M —] [ [} ﬂ [ ] 1 | W | 1 I Dominant Lithology: Aphyie 1o sparsely olivine-clinopyroxene-
basslt.
I O ] & H-Et | R et
11 | | sa0ff d T = o spersaly olwine-clinopyraxane phyric besslt Dack green smactitn
n 1628 ? N completely neplaces glass and ofivine. Veinkots are filled with
_ s d ‘Q’ L1 4 "HMe ] sniectite, seolite, and pyrite. The tocks rscoverod ara highly
/E‘m T A d __—‘ /E Tractured and brecciated in o
- i’ T o Thin Section Descriptions
@ o f— | ﬁ td 67.1, 5550 am (Piecs 1628):
- i — L1 % * st 1 Mame: Fine- 1o madivmgrained very parsely olivinacling-
b = a = -1 A pyrowene-phyric basall {next to glasy marging
-1 1526 | — 7 1581 ﬁL. = Texeurn: Hysopilitic to hyalo-ophitic
‘m@ f P -1 e T L1 P Phenoerysts: Diivine, < 1%, 0,6x0.4 mm, euhedral; clinogy
7 1 ] N roxene, < 1%, 0.5x0.3 mm, subhedral
a_ A A sl L _ Groundmass: Playiacisse, 14%, 0.8x0.2 mm, microlites; clino-
= L1 e . 7%, D.2x02 mm, anhedral: magnatite, 4%, 0.01
L -1 | A E KLT'L":. soletal; )‘m','.:\..‘w'u:vnu + D:llq‘fnclw< 70‘:
} O g R ’ d immature to matute sheaf texturs
50— 1527 — -1 A - Alteration: Green smectite replecing alivine mnd glass
O 1 o | 68:1, 66--68 am (Fiece 1544);
. A a : Barme: Medium-grained aghyric basslt (fiow interior)
— gl O = o -3 Texture: Subophitic 1o intersertal
o op o Groundmass: Phagiociass. 40%, 0.240.03 mm, lsth: clinopyron:
-5 . ang, 40%,. 0.12x0.10 mm, anhedral; magoetite, 10%, 0.04x
s o L] | - z 0.04 mim, skaletal; ghets, 10%
— i g ——] 3 — Alreration: Smectits roplacing glass
= A
4 q o O 1] d d ] 691701, Piscer 15481560 (Unit 48]
1 o) Dominant Lithotogy: fivi
= =1 ohyric basalt
O | d d * d Fing- 1o mediungrained iparsafy ta mad
1 b weately plagioclass-olivine-Slinopyrexanephiric basalt, Pheno
23| 20 LA1% 1557 § d o 1 d crysts of suhedral aliving is partly eaplaced by smectite, Eubedral
= i o = : unet subhedral clinopy are sl
L s D@ -1 ao o i L Smactita complataly oplaces glass, ollvine and snd fills veins
T Vol —— P L T Thin Section Descrigtion
’ 70-1, 834 Pioce 1558]:
E=N d o0 4B 4 1558 ﬁ bl 0504 o P ol , &
- @ L~ e = L~ oS A i dinopyroxong-phyric healt (flaw interior)
1) [ 9 e Tenture: Intergranalar
— 1538] ] | ) =4 Phencerysts: Ollving, 1%, 065x0.6 mm, euhedral; plagiocase,
e 2 i @ & . T 1K) 1 Fh, 08405 mm, subedral laths; inopyronene, 1%, 0.4x0.4
7 1 = 11 - e, sebhedral
b o | Groundmass: Olivine, 14%, 0.08x0.08 mm, subhedral; plagso-
- @ LA C} — — clasa, 4D%, 0.16x0.02 mm, microlites: chinepyroxane, 36%,
1 @ 0.04x0.04, anhedral: magnetit, 3%, 0.02x0.02 mm, weletsl:
7 @ﬁ L= O 1 5 alass(?], 3%
. = —— = Aleration: Smectite repiacing plas end chionite
=] /T 1
S bl | 701702, Pieces 15611686 (Unit 49)
= d g —|  Dominant Lithology: Massive coarse-grained aphitic basalt.
£ Massive nel ophitic tasalt.
- 1662 |1 ks 1 Altration consists of smactite replocing ghass and m @ fracture
Tiling with zsalita
= e = — = = = —c — B — — = — = = Thin Section Description

g
g

50
CORE/SECTION 8711 681 63/ 702, 1618 em [Pisce 15641

Name: Coarse-grained ophitic basalt {lkew interior)

Texture: Ophitic, with some glasy areas

Phenocrysts: Dliving, 8%, 2.0x1.8 mm, wibhedral; plaglocisa,
A0%, 1.2x0,35 mm and 0Ax006 mm, eubedil ivhi; dino-
pyrooens, 40%, 1,008 mm, anhedral

Magnetite, 5%, mam, skedetal of micro-

litos. glass, 7%

Altaration: Groan smectite replacing giess and olivine
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