2. SITE 462: NAURU BASIN, WESTERN PACIFIC OCEAN,
DEEP SEA DRILLING PROJECT LEG 61!

Shipboard Scientific Party?

HOLE 462

Date occupied: 1550Z 28 May 1978

Date departed: 0700Z 8 June 1978

Time on hole: 10 days, 14 hours, 12 min,

Position (latitude; longitude): 7°14.25'N; 165°01.83'E
Water depth (sea level; corrected m, echo sounding): 5181
Water depth (rig floor; corrected m, echo sounding): 5191
Bottom felt (m, drillpipe): 5189

Penetration (m): 617.0

Number of cores: 69

Total length of cored section (m): 616.5

Total core recovered (m): 376.8

Core recovery (%): 61

Oldest sediment cored:
Depth sub-bottom (m): 599
Nature: Brown clay, chert
Age: Cenomanian
Measured velocity (km/s): 2.5

Basement:
Depth sub-bottom (m): 617.0
Nature: Basaltic sill
Velocity range (km/s): 4-5.9

Principal results: Hole 462 (7°14.25'N, 165°01.83'E) was drilled as a
re-entry pilot hole from 28 May to 8 June at a water depth of 5181
corrected meters. Total length of continuously cored section was
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616.5 meters. Total core recovered was 376.8 meters. Core
recovery was 61%. The section is divided into units. Unit I extends
from 0.5 to 297 meters: calcareous and radiolarian oozes and
chalks, mainly of turbidite origin, containing shallow-bank to reef
skeletal debris of Eocene age, and planktonic microfossils as old as
Late Cretaceous, in deeper-water strata of Oligocene age; at 50
meters depth, several meters of late Miocene-Pliocene ooze is rich
in air-borne volcanic ash; age of Unit I ranges from Pleistocene to
early Oligocene or late Eocene. Unit 1I extends from 297 to 447
meters: cherts, chalks and limestones of early Oligocene or late
Eocene to middle Maestrichtian age. Unit I1I extends from 447 to
560 meters; volcanogenic and zeolitic sandstone, mudstone, and
limestone of Maestrichtian to Cenomanian age, containing locally
abundant shallow-bank skeletal debris of Maestrichtian to Cam-
panian age. Unit IV extends from 560 to 617 meters (total depth):
hyaloclastic mudstone layers, one of which contains undatable fish
teeth and radiolarians intercalated with seven altered basalt and
diabase sills. Total basalt recovery was approximately 35 meters
from six sills 0.5 to 9 meters thick, and one sill at least 30 meters
thick which was not fully penetrated at 617 meters. This deepest
sill is diabase and displays granophyre facies. All sedimentary
units are characterized by abundant contributions of sediment
transported and redeposited at Site 462.

Six Uyeda-temperature-probe runs were made, three good, two
questionable, and one without usable results. Based on these data
and shipboard porosity and conductivity measurements, a geo-
thermal gradient was plotted that gave a surface value of 1.1 HFU,
which is consistent with other measurements in the area.

Six logging runs were made: (1) temperature and natural
gamma, which was successful; (2) sonic and gamma, which failed;
(3) induction and gamma, which succeeded; (4) sonic, which fail-
ed; (5) density, gamma, and temperature, which succeeded; and (6)
guard, neutron, and gamma, which failed. Failures were due to
hole conditions, particularly in the Eocene chert section.

The vessel moved 1553 feet to re-entry Hole 462A, on a bearing
of 16.6° from Hole 462.

HOLE 462A

Date occupied: 0305Z 9 June 1978
Date departed: 0524Z 27 July 1978
Time on hole: 47 days, 2 hours, 19 min.
Position (latitude; longitude): 07°14.50' N; 165°01.90'E
Water depth (sea level; corrected m, echo sounding): 5177

3

Water depth (rig floor; corrected m, echo sounding): 5187
Bottom felt (m, drill pipe): 5186

Penetration (m): 1068.5

Number of cores: 92

Total length of cored section (m): 629.0

Total core recovered (m): 348.7

Core recovery (%): 55.5

3 Includes Majuro port call and steaming between 462A and Majuro and return.
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SITE 462

Oldest sediment cored:
Depth Sub-bottom (m): 994
Nature: Brown-red clay, volcaniclastic sandstone and siltstone
Age: Barremian
Measured velocity (km/s): 2.93

Basement:
Depth sub-bottom (m): 1068.5
Nature: Basaltic sill
Velocity range (km/s): 5.40-6.25

Principal results: Hole 462A was a multiple re-entry hole programmed
to penetrate and sample Mesozoic sediments and the underlying
oceanic crust of anomaly M-26. The upper 617 meters of Hole
462A virtually duplicated Hole 462. From 617 meters down to the
total depth of 1068.5 meters, the drill penetrated an igneous com-
plex of single and multiple diabase sills and extrusives. A few
datable horizons were cored. The deepest of these, taken in Core
80 at a sub-bottom depth of 994 meters, contained a bathyal fauna
of radiolarians, fish debris, and agglutinate foraminifers.

Also obtained in Hole 462A were (1) neutron and gamma-ray
logs in the pipe and bottom-hole assembly, and (2) a sonic log in
the open hole. Difficulties prevented further logging.

BACKGROUND AND OBJECTIVES

Introduction

Our goal at Site 462 was to study the paleontologic,
sedimentary, petrologic, tectonic, and magnetic histories
of that area through Recent to Late Jurassic time by
drilling a deep re-entry site into the Nauru Basin west of
the Ralik Chain of the Marshall Islands (Fig. 1). This
area formed at a fast-spreading Pacific Plate boundary
145 to 155 m.y. ago, in the Late Jurassic (Fig. 2). Cores
from this locale would allow us to better understand
biostratigraphic evolution and sedimentary processes in
a Mesozoic open-ocean environment, the petrologic
nature of fast-spreading oceanic crust, the tectonic
history of the Late Jurassic Pacific Plate, and the nature
of the Jurassic magnetic quiet zone.

Sedimentological and Paleoenvironmental Objectives

The basement, or plate, age at Holes 462 and 462A in
the Nauru Basin should be approximately 145 to 155
m.y., giving us an opportunity to core sediments pos-
sibly as old as Oxfordian. The section there should
therefore encompass these stratigraphic intervals: late
Barremian-Aptian-early Albian, and Cenomanian-Tu-
ronian, occupied by organic-carbon-rich ‘‘black shales”’
or sapropels, cored at many DSDP sites. These black-
shale sections are thought to be the result of the devel-
opment of a widespread and thick oxygen-minimum
layer in the world ocean during relatively short and well-
defined times (Schlanger and Jenkyns, 1976).

Sedimentological, geochemical, and paleontological
studies of strata deposited during the above-mentioned
stages at Holes 462 and 462A would enable us to com-
pare the effects of an oxygen-minimum buildup in a
relatively closed basin such as the Atlantic Ocean and
Tethys Sea, where terrestrial carbonaceous input was
high, with effects in a relatively open basin such as the
Pacific, where terrestrial carbonaceous input presum-
ably was low. The Nauru Basin sediments should con-
tain a clear record of a deep-water oxygen-minimum
event—one without the complicating factor of a heavy
terrestrial organic-carbon overprint,
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Geochemical and isotopic studies of Holes 462 and
462A material should resolve some of the questions
posed concerning the correlation of oxygen-minimum
expansions and global climatic changes. Further, since
the development of oxygen minima may be linked to
variations in upper-water-layer fertility, the fossil rec-
ord at Holes 462 and 462A, which should contain infor-
mation on the range and extension of new groups, will
help in establishing such a linkage. Recovery of a com-
plete fossiliferous section down to the Oxfordian will in
itself be valuable in refining zonations and deciphering
paleoenvironmental events.

The Cenozoic section at this site may, according to
the site surveys, consist of interbedded pelagic sedi-
ments and turbidites. It is in a deep basin surrounded by
atolls of the Marshalls and volcanic islands of the
Caroline chain (Fig. 1). Further, Kana Keoki seismic
records (Fig. 3) and the detailed bathymetric chart (Fig.
4) show levees and channels indicative of probable distal
turbidite regimes. Therefore, we should be able to iden-
tify events such as the onset and cessation of volcanism
that built the edifices in the Marshalls and eastern
Carolines. Turbidite-debris analysis should also give us
information on reef build-up and, probably, island
emergence in the area, as was done in the Line Islands
area on Leg 33 (Schlanger, Jackson, et al., 1976).

Petrologic Objectives

It has been a top priority to obtain relatively deep sec-
tions from oceanic crust formed at both slow- and fast-
spreading ridges. Three DSDP Legs (51, 52, 53) in-
volved drilling such sites on 110-m.y.-old, slow-spread-
ing crust in the western Atlantic Ocean. The Nauru Ba-
sin site was meant to sample fast-spreading, Mesozoic-
age crust. The Nauru Basin formed at 4.7 cm/yr, half-
rate, and is an area of smooth oceanic crust, character-
ized by a well-defined magnetic-lineation pattern.

The results from Atlantic Ocean drilling indicate that
the construction of upper Layer 2 is largely by extru-
sives, with many pillow lava sequences separated by
abundant glass-lined fragments. Is this also true for
fast-spreading crust? This is an especially interesting
question in the Nauru Basin, because the seismic-profile
records show many smooth layers that may be indicative
of significant intrusive activity.

Almost all of the Atlantic Ocean samples show alter-
ation of basalts by cold water, and abundant production
of smectite. Very few high-temperature-metamorphosed
samples have been recovered. Much relatively fresh
glass was recovered from one of the deep sites on the
110 m.y. old Atlantic crust. Is this also typical of fast-
spreading crust, indicating a similar distribution of
ridge-crest isotherms and hydrothermal-circulation his-
tory? Magnetic-anomaly patterns, although subdued in
amplitude, in the Nauru Basin are remarkably well de-
fined, indicating that alteration has had little affect on
the magnetic-anomaly source layer.

Tectonic Objectives

The history of horizontal motion of the Pacific Plate
back through the Early Cretaceous is relatively well
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Figure 1. Regional bathymetric setting of Site 462 in the Nauru Basin, fringed to the north, east, and west by seamounts,

guyots, and the Marshall and eastern Caroline Islands.

known from studied magnetic-lineation patterns, mag-
netic studies of seamounts, and facies studies of sedi-
ments. The preceding Jurassic history is relatively un-
known, because no Jurassic seamounts have been re-
ported, magnetic-lineation information is very limited,
and no sediments of unequivocal Jurassic age have been
recovered from the western Pacific. Tentative studies of
Jurassic magnetic-lineation patterns suggest a more-
equatorial paleolatitude for the Late Jurassic Nauru
Basin than the Early Cretaceous Central Pacific Basin
just to the east (Fig. 2). This raises the possibility that in
the Late Jurassic the Pacific Plate was initially moving
south, or at least had a dominant counterclockwise rota-
tional component. Sometime in the Late Jurassic or
Early Cretaceous, this retrograde motion reversed,

perhaps by rebounding off eastern Gondwanaland, and
the Pacific Plate began the steady northward motion
that persists today.

Studies of Mesozoic sedimentary facies coupled with
paleomagnetic studies of the sedimentary and volcanic
rocks of the Nauru Basin should confirm or deny the
above hypothesis. An equatorial sedimentary sequence
at the base of the Nauru Basin section, overlain by
higher-latitude sediments, in turn overlain by a second
equatorial sequence, would support the retrograde-
motion hypothesis. Paleomagnetic-inclination informa-
tion should reveal the corresponding history of latitudi-
nal motion, although nothing can be inferred concern-
ing rotation of the Mesozoic Pacific Plate from the rela-
tive paleomagnetic declinations.
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Figure 2. Mesozoic magnetic-lineation patterns of the Nauru and Central Pacific Basins, showing the location of Site 462 in the Jurassic quiet zone

(from Larson, 1976).
Magnetic Objectives

Studies of the remanent-paleomagnetic-inclination
information should contribute to our understanding of
the Mesozoic tectonic evolution of the Pacific Plate, as
described above. In addition, paleomagnetic and rock-
magnetic studies of Jurassic sedimentary and volcanic
rocks should be of great interest in understanding the
history of the Earth’s magnetic field at that time.

The M-sequence of magnetic anomalies is always
bounded on its old (Jurassic) end by an “‘envelope’’ of
anomaly amplitudes that taper down from ‘‘normal”’
values at about 145 m.y. to very small anomalies by 155
m.y. This latter portion of the record, nominally from
153 to 160 m.y., is called the Jurassic magnetic quiet
zone (Fig. 2) and was the target of our drilling program
in the northern Nauru Basin. In this area, very small but
coherent magnetic anomalies (M26, M27, M28) imply
remanent magnetizations nearly an order of magnitude
lower than Lower Cretaceous magnetic anomalies. Ob-
taining a significant Jurassic volcanic section should test
the hypothesis that these low-amplitude anomalies re-
sult from fluctuations of the Jurassic dipole-field inten-
sity, field reversals during a time of generally low mag-
netic intensity, local variations in petrology, or a large
increase in reversal frequency.

Site Survey Results

A detailed survey of the vicinity surrounding Site 462
was conducted from the Hawaii Institute of Geophysics
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vessel Kana Keoki from 9 April to 17 April 1977. Bathy-
metric relief is less than 150 meters (Fig. 4), and is domi-
nated by two turbidity-current channels in the south-
western region of the survey. The transition between
discrete, leveed channels and an extremely flat turbidite
plain occurs near the center of the survey. Site 462 is
about 10 km east of the southeastern leveed-channel sys-
tem, on a very flat turbidite plain characterized by many
flat-lying internal reflectors that comprise an upper and
lower sedimentary sequence. A further seismic charac-
teristic of the Nauru Basin is an unusual lack of
refracted arrivals observed on sonobuoy stations (Lar-
son, 1976; Houtz, 1976). However, many of the normal-
incident reflections also produce prominent wide-angle
reflections on air gun-sonobuoy (ASPER) seismic
records. Wide-angle reflection solutions from seven
ASPER measurements were averaged to characterize
the average thickness and velocity of the sediments in
the area. The upper sedimentary sequence consists of
the material between the sea floor and the reflector at
7.3 seconds on Figure 3. This material has an average in-
terval velocity of 1.68 km/s and an average layer thick-
ness of 417 meters; it is probably Cenozoic. The lower
sequence is the lower-frequency set of flat-lying reflec-
tors between 7.3 and 7.6 seconds. The base of this se-
quence is harder to pick than the upper unit, but the
average interval velocity of this material is 3.59 km/s,
and the average layer thickness is 534 meters. It is prob-
ably much more lithified Mesozoic sediments, and may
contain interbedded volcanic units. The scientific objec-
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tives of this site were mainly concerned with the lower
sedimentary sequence and the basement beneath it;
however, we hoped that the upper sedimentary unit
would provide a soft bed in which to spud the bottom-
hole assembly and the re-entry cone and casing.

Core MP-1 is a piston core recovered by the Kana
Keoki about 17 km north-northwest of Site 462, Two
lithologies are present in the core. The uppermost 2
meters is pelagic clay, and the remainder is calcareous
ooze. The clay is moderate brown, slightly mottled
grayish-orange at a few intervals, with 12 to 20% radio-
larian remains. Other components are a trace to a few
per cent of volcanic glass (light and dark), globular
golden-brown palagonite, zeolite, pyroxene, diatoms,
radiolarians, sponge spicules, and silicoflagellates, The
calcareous ooze in the remainder of the core is all very
pale-orange. At several intervals are suggestions of hori-
zontal bedding, but only in the lowest part of the core
(113-150 cm, Section 7) is the lamination sufficiently
distinctive to record on the visual core description.
There are a few black specks, possibly pyrite, in mid-
core.

The core below Section 1 and part of Section 2 is a se-
quence of turbiditic layers, in which the size fractions
increase downward along with the planktonic-foramini-
fer content. In Sections 3 and 4, the washed residues are
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Figure 3. Seismic-reflection profile made by Kana Keoki on 11 April 1977, during her site survey of the area. East is to the left and
west to the right. Holes 462 and 462A are slightly south of this profile.

e

=Fva Jt’“ s
> ot B 4

.

ESOFY TN 1% 1
1
Seconds

relatively rich in small manganese nodules (between 20C
and 44 pm). Foraminifers are present only in the 150- to
44-ym fraction. Assemblages are very mixed, including
species characteristic of the Pliocene, late Miocene, and
rarely the middle Miocene. The most abundant forms
belong to the biserial genus Streptochilus (Bronnimann
and Resig, 1971). Few diatoms, rare sponge spicules,
and fish debris are also present.

The upper 111 ¢cm in Section 7 are very similar to the
upper part of the core. Radiolarians are still the domi-
nant forms of the washed residues; however, planktonic
foraminifers are common to abundant, and present also
in the fraction larger than 150 pum. A few benthic fora-
minifers also occur. The highly reworked planktonic-
foraminifer assemblages contain forms of the following
ages: early Pliocene; late, middle, and early Miocene;
and late Oligocene. The Quaternary species Globoro-
talia truncatulinoides is recorded for the first time.
From 112 to 150 cm in Section 7, the turbidites become
coarser, and the foraminifer content represents about
50% of the washed residues. The reworked planktonic
assemblages also include forms of middle Eocene and
Late Cretaceous ages, along with the other intervals
mentioned above. Still, the most abundant assemblages
belong to the late Miocene and early Pliocene. Along
with the increasing size fractions, benthic foraminifers
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Figure 4, Detailed bathymetric chart of the Site 462 area, based on Kana Keoki survey that outlines the
channel-and-levee system that channels sediment to this area from the Ontong-Java Plateau.

become more frequent and diversified. They possibly
belong to the upper bathyal zone, and on the basis of
the good preservation, they are probably Quaternary in
age. Ostracodes, echinoid fragments, and sclerites are
also recorded in this part of the section, along with
volcanic glass(?).

It seems exceptionally unlikely that all of this is one
calcareous turbidite, because the overall grain size sug-
gests a distal setting, which the thickness belies. Prob-
ably there are several turbidites whose tops and bottoms
cannot be detected. The sequence was of coarser flows
followed by finer ones, perhaps related to slight changes
in the turbidite processes in the leveed distributary chan-
nels shown in the detailed bathymetric chart of the site
area. Presumably the distant source was the Ontong-
Java Plateau during the middle or late Quaternary.

Four ocean-bottom seismometers were deployed
within a kilometer of each other near the center of the
detailed survey area. Two 150-km-long explosion re-
fraction lines were run, one parallel and one perpen-
dicular to the magnetic lineations. For the purposes of
drilling, the principal results of this study are as follows:
(1) depth to velocities greater than 5.0 km/s range be-
tween 5.9 and 6.2 km; (2) depth to velocities greater
than 6.0 km/s range between 8.4 and 9.9 km; (3) sedi-
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ment thickness ranges between 700 and 1000 meters; (4)
Layer 2 is abnormally thick. For an expanded discussion
of this study, see Wipperman et al. (this volume).

The Site 462 survey is located in the Jurassic magnetic
quiet zone and centered on Late Jurassic magnetic
anomalies M26, M27, and M28 (Fig. 5). The anomalies
in this survey area are of very low amplitude (~ 80 gam-
mas), but they are strongly lineated parallel to the Late
Jurassic magnetic anomalies to the south (M20-M25;
see Fig. 2). There are no volcanic peaks or fracture-zone
offsets within the area, and the amplitudes and cross-
sectional shapes of the anomalies are all very uniform.
The time scale used to model the anomalies in Figure 5
was derived by Cande et al. (1978), to match a similar
set of anomalies in the Japanese Jurassic quiet zone.
The extremely low amplitudes require a magnetization
intensity of +0.002 emu/cm? for a 500-meter-thick
layer, which is a value 5 to 10 times smaller than mag-
netizations used to match other Cenozoic and Mesozoic
magnetic sequences. A skewness parameter of # =
— 160° was used in the model, which corresponds to a
paleolatitude of 20 to 30°S. This value is not well deter-
mined, because the very low magnetization intensity and
relatively great depth of the model results only in small
changes in the shapes of the model profiles with changes



SITE 462

8°00' T T T T T T
1
500 0 10 20 30km

g
7°45' £ y

©

Q

0

7°30°F N

7°15'

7° 00’

6°45'

% QGZ
\4\’!:1 ‘|
W°

i i 1
164°00° 164°15' 164°30°

L L 1
164° 45’ 165°00° 165°15" E

Figure 5. Cross-strike magnetic-anomaly profiles across anomalies M26, M27, and M28, in the Jurassic
quiet zone of the northern Nauru Basin. Data are from the Kana Keoki survey and a model profile
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in 6. Skewness measurements on Late Jurassic anoma-
lies M20 to M25 from the Japanese, Hawaiian, and
Phoenix lineations suggest that this is approximately the
correct value for the Nauru Basin (S. C. Cande, pers.
comm., 1977). A further consequence of not knowing
exactly the skewness value for anomalies M26, M27,
and M28 is that the locations of the model block bound-
aries are not well fixed. Site 462 is very close to the nor-
mal/reversed transition that forms the older boundary
of magnetic anomaly M26, and our inexact knowledge
of the location of that boundary makes it impossible to
predict the polarity of volcanic basement at Site 462.
This location was chosen deliberately in the hope that
the transition zone might be sampled. This would allow
a test of the hypothesis that the low-amplitude anoma-
lies result from field reversals during a time of low in-
tensity, which would be supported by the recovery of
basalts with similar magnetic inclinations, but opposite
polarities. The alternate hypothesis is that the anomalies
result from fluctuations of the dipole or non-dipole field
during a uniform polarity interval, which would be sup-
ported if basalts with varying magnetic inclinations that
all have the same polarity were recovered.

OPERATIONS

We profiled from Guam to Site 462 in 6 days, 13.3
hours, via Heezen Guyot, a 27-km diversion from a
rhumb-line track that allowed a crossing of this alter-
nate shallow-water site (Fig. 6) on the northern edge of
the Nauru Basin. Our approach to Site 462 was from the

northwest, generally on course 115° that took us over
the northern and presumably oldest part of the Nauru
Basin (Fig. 7). This track shows a very flat sea floor
about 5150 meters deep, and crossings of magnetic
anomalies M29, M28, and M27 (Figure 5) that should
be mid- to Late Jurassic in age (Cande et al., 1978).
At 1025Z on 28 May, we changed course to 153° and
slowed to 6 knots to make our approach down a pre-
vious Kana Keoki track to the site.

This track took us across at least one channel-and-
levee system that feeds sediments to the Nauru Basin
from the Ontong-Java Plateau to the southwest. This
system is well outlined in the detailed bathymetry of the
site-survey area (Fig. 4), and on our 3.5-kHz records,
which show the channel floored with reflective, prob-
ably somewhat winnowed sediment that sits between
levees of relatively transparent, unlayered material.
Profiles of the 3.5-kHz records away from the modern
channel-and-levee systems show many flat-lying reflec-
tors in the upper several tens of meters of section. Site
462 is on this type of 3.5-kHz profile, southeast of the
main channel-and-levee system outlined by the site sur-
vey. The sediment distributary system has channeled the
carbonate-rich turbidites into this area; they are inter-
bedded with radiolarian oozes in the 300 to 400-meter
thick section of uppermost sediments. This section cor-
responds to the upper 0.4 to 0.5 seconds of relatively
high-frequency reflectors apparent on seismic-reflection
profiles (Figs. 3 and 8). Our objectives lay generally
below the middle Eocene chert layer that shows clearly
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Figure 6. Bathymetric and magnetic profiles made by Glomar Challenger, Leg 61, on the approach to Site 462 across

Heezen Guyot and the northern Nauru Basin.

at 7.3 seconds on the Kana Keoki profile (Fig. 3) in the
relatively low-frequency, flat-lying reflectors that cor-
respond to Mesozoic sedimentary and igneous rocks.

A number of well-timed satellite fixes and precise
maneuvering of the vessel allowed us to navigate exactly
to the planned drop site. At 1550Z on 28 May, we
launched the beacon for Site 462 in 5152 (uncorrected)
meters of water (5191 m corrected to the rig floor). We
turned, retrieved our running gear, positioned ourselves
over the beacon with a 200-foot offset to the west, and
began running in pipe at about 1745Z on 28 May.

Since this was to be a re-entry site, we measured the
water depth as precisely as possible by measuring the
drill string as it was run in, and then we took a punch
core from 5189.5 to 5199 meters. No weight indication
of contact was noted, but the core barrel was retrieved
almost completely filled with sediment. One joint of
drill pipe was set back and the punch-core procedure
was repeated. No core was recovered, but some sedi-
ment was found in the core catcher and coating the
lowest 0.5 meters of the core liner. Water depth from
the rig floor was set at 5189.0 meters.

A jetting test was then conducted to determine the
length of the re-entry conductor casing string to be set.
With the exception of a fairly resistant stratum at 45 to
47 meters sub-bottom, the bit was washed easily
through the soft ooze to 86 meters, with only minimal
pumping. This depth was considered to be in excess of
the length of casing required to provide adequate sup-
port for the re-entry cone. The bit then was pulled clear
of the mud line, the inner core barrel was tripped, and
continuous coring was begun at 5199 meters.

26

We continuously cored the upper 314 meters of the
section in the first 33 cores, with few problems and
generally high recovery percentages (Table 1). Cores 9
and 15 were nearly all lost, because the core catcher sock
carried away and jammed in the check valve on Core 9,
and was inadvertently left out on Core 15. Six attempts
to measure sediment temperature at the bottom of the
hole, and thus construct a very accurate ‘‘base-level”
heat-flow measurement for oceanic crust, were made at
133.5, 181.0, 219.0, 257.0, 295.0, and 314.0 meters.
Measurements were limited to this interval because soft
sediments above 133.5 meters would not bear the weight
of the lower drill collars, and hard chert stringers below
314.5 meters might bend the temperature probe and
cause us to lose the hole. The first three measurements
were obviously successful, but the latter three have
peculiar-looking equilibration curves and occasional
bad readings that indicate instrument malfunction.

The first cherts, of late Eocene age, were found in
Core 34 from 314.0 to 323.5 meters, but heavy cherts
and slow drilling were not encountered until Core 40,
from 371.0 to 380.5 meters. We believe that this level
correlates with the top of the B, seismic reflector, be-
cause the interval velocity of 1.7 km/s for the overlying
sediment yields 380 meters of section corresponding to
the 0.46 seconds of two-way travel time on the profiler
records above B;.

Recovery was uniformly poor from Cores 40 to 46
(371.0-437.5 m), below which the Eocene and possibly
Paleocene chert sequence gave way to volcanogenic tur-
bidites, limestone, and conglomerate of probable Creta-
ceous (late Campanian-early Maestrichtian) age. We
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Figure 7. Chart of Site 462 area, showing Kana Keoki and Glomar Challenger Leg 61 tracks.

tried hard-formation core catchers and very slow pene-
tration with minimum pump pressure, but these modifi-
cations did not improve recovery until the major cherts
disappeared at about Core 47.

Cores 48 to 60 are a Late Cretaceous sequence of
claystones, limestones, volcaniclastics, conglomerates,
and very minor cherts that cored and recovered well.
They were re-cored on the re-entry hole, because they
are too lithified to wash ahead without a center bit in
place. After retrieving Core 53, we found the bit par-
tially plugged and had to run an extended core barrel to
dislodge the obstruction.

Cores 60 to 69 contain a series of Cenomanian or
younger basaltic sills, with some thermally altered
claystones in Core 64. In general, we had good recovery
but a very slow rate of penetration in the basalt se-
quence. Often, penetration rates dropped to 1 m/hr,
probably because of the density of the basalts, and
possibly because of bit damage suffered during the chert
drilling. Sometimes cores were pulled before a full 9

meters of penetration, because of the slow rate of pene-
tration. Often we discovered a piece of basalt jammed in
the core catcher of these cores and the plastic core liner
collapsed above it. Although the bit was still cutting
full-gauge core, we decided to terminate the hole at
Core 69 because the rate of penetration was very slow,
and because we had decided to stay in this area and at-
tempt to penetrate the sill with the re-entry hole.

On 5 June 1978, we attempted to shoot three on-site
sonobuoys with the 120-in? air gun tethered to floats.
Only the third buoy was successful. All buoys were Se-
lect International (Aquatronics) sonobuoys (model
SB76-1), and were rigged and deployed in accordance
with procedures developed on Vema 3405. The first
buoy failed because of a bad hydrophone or faulty elec-
tronics in the buoy. No reasonable transmitted signal
was received. The second buoy sank because of the ad-
dition of too much ballast weight and a poorly secured
flotation collar. The third buoy was successful in that it
yielded a high signal-to-noise level, but no wide-angle-

27



SITE 462

- .

A T K LY
B AT
. oy

o :
cu ¥ e

e v g

Seconds

AL [
e T Sy magteod '-'.;, o sy e A
W RS e Rl e S
- s P A ATy Pl

el . .

-

Figure 8. Seismic-reflection profile made by Glomar Challenger during Leg 61, on her approach to Site 462 across

the northern Nauru Basin.

reflection information was received, because the experi-
ment was cut off after only about an hour of recording,
owing to a shift in the wind.

After Core 69, we released the bit and pumped fresh-
water mud into the upper part of the hole, in prepara-
tion for logging operations. The hole was logged with
Gearhart-Owen Corp. equipment which allows real-
time display of the logging data via their computer and
laser camera system. We first attempted the temperature
log, but met a bridge at 5338 meters. We pulled out the
tool, ran in two stands of pipe to knock out the bridge,
and then re-ran the temperature log, this time in the
density tool, with the gamma-ray source removed. We
successfully logged temperature going down the hole,
and natural gamma radiation coming up. We obtained a
maximum temperature of 15.4°C with 5796 meters of
logging cable out.

We next attempted to run the sonic and natural
gamma-ray log, which failed because we could not get
the tool down past the chert sequence. The run was ter-
minated when the sonic log shorted out, probably be-
cause of an open connection generated by banging the
sonde on the chert ledges.
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We then hooked up the induction (electrical-conduc-
tivity) log with the natural gamma-ray log and worked
our way to the bottom of the hole. We successfully
logged conductivity up the hole, but the lower 200
meters of logging cable was snarled when retrieved from
the pipe. The depth during logging is probably rea-
sonably accurate, and it is likely that the tool floated at
a point on the way up the hole. It required several hours
to re-terminate the logging cable.

In a second attempt to obtain a velocity log, we
hooked up the backup sonic tool and again could not
get down through the chert sequence. This is probably
due to two things: first, the hole is 3 to 4° off vertical,
and, second, the sonde is not rigid, so that when the tip
of the sonde encounters a chert ledge, the sonde bends
and hangs up instead of running by.

Next we ran what proved to be our most successful
log: density (gamma-ray back-scatter), natural gamma-
ray, and temperature. We had some problem working
past the cherts, but got the tool well down into the
basalt sequence. There we measured a maximum tem-
perature of 17°C and successfully logged up the hole,
the density and natural gamma-ray logs doing a beauti-
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Table 1. Coring summary, Site 462. Table 1. (Continued).
Depth from Depth below Depth from Depth below
Drill Floor Sea Floor Length Length Drill Floor Sea Floor Length Length
Core Date (m) (m) Cored  Recoversd  Recovery Core Date (m) (m) Cored  Recovered  Recovery
No. (1978) Time Top Bottom  Top Bottom (m) (m) (o) No. (1978) Time Top Bottom Top Bottom (m) (m) (Ta)
Hole 462A (ConL)
Hole 462 10 11 0740 5711.0-5720.5  525.0-534.5 9.5 48 51
| May20 2035 S189.5-5199. Y . ; 1 11 0930 5720.5-5730.0  534.5-544.0 9.5 2.0 21
Y Y 0 Dmaans e e 4 5 12 I 1155 5730.0-5739.5  544.0-553.5 9.5 21 2
3 0 0445  S208.5.52180  19.5-29.0 o5 i & 13 11 1405  5739.5-5749.0  §53.5-363.0 9.5 12 EN
4 30 0605 S5218.0-5227.5 20.0-38.5 9.5 16 80 14 11 1722 5749.0-5752.%5 563.0-566.5 35 1.B 51
s 10 0T3S 5215570 385480 b on {00 15 1l 2052 5752.5-5758.0  566.5-572.0 5.5 16 29
H 30 0854 5237052465  48.0-57.5 iod 58 o 16 12 0010 5758.0-5760.0  5$72.0-574.0 20 1.8 %0
7 W0 1020 5206552560  S7.5-67.0 P 36 3l 1 12 0810 5760.0-5762.0  574.0-576.0 20 23 100+
M 30 144 3256052655 670765 o en P 18 12 1525 5762.0-5764.0  576.0-578.0 20 23 100+
9 30 1310 5265.5-5275.0  76.5-86.0 9.5 0.1 1 15 12 2020 5764.0-5767.0  578.0-581.0 3.0 27 %0
i 30 1435 12750.50845 860955 o a6 3l 20 13 1645 S767.0-5772.0  581.0-586.0 50 29 <8
1 30 1556 5284.5-5294.0  95.5-105.0 9.5 5.6 59 14 (first re-entry completed)
12 30 1722 5294.0-5303.5 105.0-114.5 9.5 9.2 97 2l 14 2315 5772.0-5774.0 5B6.0-588.0 2.0 1.8 90
13 30 1912 $303.5-5313.0  114.5-124.0 9.5 9.3 9 e 15 0545 5774.0-5783.0  588.0-597.0 9.0 73 8l
14 30 2050 5313.0-5322.5  124.0-133.5 9.5 9.0 95 2 15 0935 5783.0-5792.0  597.0-606.0 2.0 4.6 51
15 31 0037  5322.5-5332.0  133.5-143.0 9.5 0.7 7 24 15 1420 5792,0-5801.0  606.0-615.0 2.0 4.6 5l
16 3] 0216 5332.0-5341.5 143.0-152.5 9.5 71 75 25 15 2010 5801.0-5810.0  615.0-624.0 9.0 0.9 10
17 31 0350 5341.5-5351.0  152.5-162.0 9.5 9.7 100+ 26 16 0520 5810.0-5812.0  624.0-626.0 2.0 0.0 0
18 31 0530 5351.0-5360.5  162.0-171.5 9.5 9.4 %9 BL 16 1630 = = = LS -
19 31 0700 5360.5-5370.0  171.5-181.0 9.5 8.0 B4 17 (second re-entry completed)
20 311015 5370.0-5379.5  181.0-190.5 95 6.9 7 n 18 0105 3812.0-5816.0  626.0-630.0 4.0 37 93
21 31 1155 5379.5-5389.0  190.5-200.0 9.5 9.0 95 26 18 0825 3816.0-5822.0  630.0-636.0 6.0 59 98
b 31 1330 $380.0-5398.5  200.0-209.5 ok o 100 29 18 1750 S822.0-5831.0  636.0-645.0 9.0 7.1 79
23 3 1500 S398.5-5408.0  209.5-219.0 9.5 8.9 94 2 19: ‘613 SE3LO-3B4000 64508340 90 8.4 93
24 31 1835 S408.0-5417.5  219.0-228.5 9.5 69 73 3 19 0630 5840.0-5841.5  654.0-655.5 15 09 60
25 31 2015 5417554370  228.5-238.0 g 57 o 32 19 1000 5841.5-5849.0  655.5-663.0 7.5 2.4 32
% A 2200 3427054365  238.0-2475 o 44 8 3 19 1558 5849.0-5858.0  663.0-672.0 9.0 0.1 1
27 31 2332 5436.5-5446.0  247.5-257.0 9.5 9.9 100+ 24 19 1920 3858.0-5867.0  672.0-681.0 9.0 0.0 0
25 Jume | 0255 SAMSD.S4SSS  257.0-266.8 S e 10 35 19 2135  5867.0-5871.0  681.0-685.0 4.0 tr 0
pr 1| 0430 S4S5.5.8468D 26652760 oz 92 & 36 20 0240  5871.0-5876.0  685.0-690.0 5.0 03 6
30 1 0545  5465.0-5474.5  276.0-285.5 9.5 18 40 31 20 0647, IEIGMSHTLG  H90.0-091.0 10 0.0 0
3 1 0720 S$474.5-5484.0  285.5-295.0 95 12 u n 20, 1938 - = - 07 -
2 11050 5484.0-5493.5  295.0-304.5 9.5 53 56 21 (third re-emry completed)
33 1 1228 5493.5-5503.0  304.5-314.0 9.5 28 29 33 21 2113 5877.0-5878.0  691.0-692.0 1.0 2.6 260
3 I 1645  5503.0-5512.5  314.0-323.5 9.5 12 13 39 22 0450 SB78.0-58B8.0  692.0-7020  10.0 5.5 55
35 1 1825 5512.5-55220  323.5-333.0 9.5 0.5 5 40 22 0830 5888.0-5897.0  702.0-711.0 9.0 2.0 2
% 1 2030 $522.0.5315  333.0.342.5 b4t b . 41 22 1410 5897.0-5906.0  711.0-720.0 9.0 9.4 100+
37 I 2215 5531.5-5541.0  342.5-352.0 9.5 9.0 95 42 22 1618  5906.0-5909.0  720.0-723.0 3.0 26 87
38 | 2353 5541.0-5550.5  352.0-361.5 9.5 7.3 77 43 22 1818 5909.0-5915.0  723.0-729.0 6.0 38 63
9 2 D133 $550.5-5560.0 36153710 o &5 L 44 22 2240 5915.0-5919.0  729.0-733.0 4.0 3.0 s
o T e Sedioatens HIa ks 5% o1 | 45 23 0300 5919.0-5924.0  733.0-738.0 5.0 37 74
41 2 0440  5569.5-5579.0  380.5-390.0 9.5 03 3 46 23 1030 5924.0-5933.0  738.0-747.0 9.0 6.5 72
2 2 0640 SSTO.0.S568.5  390.0-3995 53 o 2 47 23 1736 $933.0-5942.0  747.0-756.0 9.0 4.1 46
a S 0435, s teiaD. sS4mD 53 ) j 48 24 0130 5942.0-5951.0  756.0-765.0 9.0 67 74
44 2 1040 5598.0-5607.5  409.0-418.5 9.5 0.8 8 49 24 0555 5951.0-5960.0  765.0-774.0 9.0 4.3 48
45 21235 5607.5-5617.0  418.5-428.0 0.5 0.3 3 50 24 1150  5960.0-5964.5  774.0-778.5 4.5 8.2 182
prd 2 1438 S61T0.56265 4Z8.0.437.8 s o ! 51 24 1921 5964.5-5973.5  778.5-787.5 9.0 5.4 60
47 21723 5626.5-5636.0  437.5-447.0 9.5 0.1 1 25 (fourth re-entry completed)
48 2 1918 5636.0-5645.5  447.0-456.5 9.5 2.8 29 52 26 0310 5973.5-5978.0  787.5-792.0 4.5 4.4 98
49 3 2000 5645556550  456.5.466.0 iy e o 53 26 0835 5978.0-5983.5  792.0-797.5 5.5 28 51
S0 2 2255 5655.0-5664.5  466.0-475.5 9.5 9.8 100+ 54 2%6 1150 5983.5-5967.0  797.5-801.0 .5 21 L4
51 30025 5664.5-5674.0  475.5-485.0 95 5.0 53 o 26, 113 SORT0-S9005  ADLO-B06.3 5.5 22 40
52 3 0234 S674.0-5683.5  485.0-494.5 9.5 54 57 56 27 D255  5992.5-6001.5  B06.5-815.5 9.0 3.2 36
P 3 0545 S683.5.56930 49455040 i Pirs 3 57 27 0831 6001.5-6010.5  815.5-824.5 90 15 17
4 3 1230 S5693.0-5702.5  S04.0-513.5 9 a7 e 58 27 1254 6010.5-6019.5  §24.5-833.5 9.0 5.4 60
P 31445 SI02.5-57115 51395225 %0 il e 59 27 2245 6019.5-6028.5  $33.5-842.5 90 87 97
56 31645 S711.5-5720.5  522.5-531.5 9.0 24 27 L 28 0434 6028.5-6037.5  842.5-851.5 9.0 5.0 56
57 3 1900 ST055795 33155405 o s o 61 28 0940 6037.5-6046.5  851.5-860.5 9.0 7.5 8
S8 32000 $729.5-5738.5  540.5-549.5 9.0 6.8 76 62 28 1525 6046.5-6050.5  860.5-864.5 40 41 100+
59 3 235 5738.5-5747.5  549.5-558.5 9.0 33 37 63 28 1849  6050.5-6055.5  B64.5-869.5 50 23 46
&0 4 D425 5747.5-5756.5  558.5-567.5 9.0 42 47 64 29 1145  6035.5-6062.5  B69.5-876.5 7.0 7.5 100+
61 4 1127 5756.5-5765.5  561.5-576.5 9.0 2.4 27 30 (fifth re-cntry completed)
62 4 1550 5765.5-5768.5 576.5-579.5 1.0 24 80 65 30 1710 6062.5-6069.0 876.5-883.0 6.5 4.2 65
63 4 2046 5768.5-5774.5  579.5-585.5 6.0 4.1 68 66 30 2340 6069.0-6078.0  B83.0-892.0 9.0 8.9 9
64 S 0053 S7745.57835  585.5.594.5 9.0 33 & & July 1 0515 6078.0-6087.0  892.0-901.0 9.0 9.8 100+
65 5 0400 S783.5-578B.0  594.5-599.0 4.5 32 71 68 1 1256 6087.0-6096.0  901.0-910.0 9.0 7.9 88
66 S 0942 S78B.0-5795.0  $§99.0-606.0 7.0 7.5 100 + d 11940 6096.0-6105.0  910.0-919.0 9.0 13 37
7 51410 5795.0-5798.0  606.0-609.0 3.0 25 8 b 2 0227 6105.0-6114.0  919.0-928.0 9.0 4.6 51
68 5 2010 5798.0-5803.0  609.0-614.0 5.0 58 100+ n 2 0550 6114.0-6117.0  928.0-931.0 3.0 0.5 17
P 5 0005 SBO3OSBOE0  614.0.617.0 30 e i 72 2 0950 6117.0-6123.0  931.0-937.0 6.0 1.6 60
73 2 1450 6123.0-6132.0  937.0-946.0 9.0 31 34
Totals 6165 3768 61 74 30845  6132.0-6139.0  946.0-953.0 7.0 7.2 100+
X1 41115 6139.0-6139.0  953.0-953.0 NA 0.4 NA
75 19 2200 6139.0-6144.0  953.0-956.0 50 6.8 100+
Hole 462A 76 20 0900 6144.0-6153.0  958.0-967.0 9.0 0.5 06
1 9 1740 $264.5-52740  T.5-B8.0 9.5 9.7 100+ 77 20 1612 6153.0-6162.0  967.0-976.0 9.0 4.0 44
(washed) 78 21 0017 6162.0-6171.0  976.0-985.0 9.0 3.6 40
2 9 2040 5435.5-5445.0  249.5-259.0 9.5 8.3 87 79 21 0615 6171.0-6180.0  985.0-994.0 9.0 6.8 7
(washed) 80 21 1112 6180.0-6184.0  994.0-998.0 40 43 100+
HI 9 2345  5445.0-5550.0  259.0-373.0 =1 = = 81 21 1515 6184.0-6189.0  998.0-1003.0 5.0 3.5 0
(washed) 22 (sixth re-entry completed)
H2 10 0230 $559.0-5587.5  373.0-401.5 - = g 82 2 2350 6189.0-6190.0 1003.5-10040 1.0 0.5 50
3 10 0435 5587.5-5597.0  401.5-411.0 9.5 04 4 83 23 0645 6190.0-6191.5 1004.0-1005.5 1.5 0.08 0s
4 10 0650 5597.0-5606.5  411.0-420.5 9.5 0.7 7 84 23 1325 6191.5-6200.5 1005.5-1014.5 9.0 75 B3
5 10 0845 S606.5-5616.0  420.5-430.0 9.5 02 2 85 23 2007 6200.5-6209.5 1014.5-1023.5 9.0 54 &0
6 10 1030 5616.0-5625.5  430.0-439.5 9.5 0.1 1 86 24 0300 6209.5-6212.0 1023.5-1026.0 2.5 0 0
7 10 1255 S625.5-5635.0  439.5-449.0 9.5 1.4 15 87 24 0850 6212.0-6218.5 1026.0-1032.5 6.5 3.0 46
(washed) 38 24 1558 6218.5-6222.5 1032.5-1036.5 4.0 43 100 +
H3 10 1600 5635.0-5673.0  449.0-487.0 - — - 89 24 2020 622.5-6221.5 1036.5-1041.5 5.0 35 0
8 10 1825 S673.0-5682.5  487.0-496.5 9.5 4.6 48 %0 25 0735 6227.5-6236.5 1041.5-1050.5 9.0 6.1 0
(washed) 9l 25 0735 6236.5-6245.5 1050.5-1089.5 9.0 0.02 0
H4 11 0135 5682.5-5701.5  496.5-515.5 - - — 2 25 1115 6245.5-6254.5 1059.5-1068.5 9.0 0.02 0
9 11 0550 S701.5-5711.0  515.5-525.0 9.5 7.8 82 s el dGn i
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ful job of outlining the basalt sills with included sedi-
ment beds, and the overlying chert-chalk sequence.

Our final log was a combination of electrical conduc-
tivity for hard rocks (guard or Lateralog), porosity
(neutron back-scatter), and natural gamma-ray, which
we could not get to work past the chert sequence. We
then retrieved the log, pulled the bottom-hole assembly
out of the hole, and began to move the 1553 feet to Hole
462A while the drill string was brought on deck.

A total of 376.8 meters of core were taken from Hole
462, for a recovery rate of 61%.

Hole 462 was drilled as the pilot hole for re-entry
Hole 462A. Throughout drilling at Holes 462 and 462A,
the weather was generally excellent and never hampered
our operations. Trade winds of 10 to 20 knots from the
east-northeast were experienced, accompanied by mild
squalls that intensified at night but very seldom required
alteration of our heading. The sea state was generally 2
or 3, and the vessel rolled no more than one or two de-
grees.

Hole 462 was drilled to 616.5 meters sub-bottom and
logged. The vessel was then offset 473 meters on a bear-
ing of 16.6° from Hole 462 and prepared to launch the
re-entry system from Hole 462A. The re-entry assembly
consisted of a 16-foot-diameter re-entry cone with mud-
skirt, 73 meters of 16-inch-diameter conductor casing,
and a bottom-hole assembly 74.5 meters long. The cone
was keelhauled under the ship, and the remainder of the
re-entry assembly was lowered into place through the
moon pool. The assembly was lowered to the mudline
and washed in very easily with 5 to 10 strokes per minute
of pumping. At a point that appears to be 3 meters
above complete wash-in, the assembly took up weight
and would not penetrate further with 40 strokes per
minute of pumping and 30,000 pounds of weight on the
bit. Either a hard layer was encountered at 72 meters
sub-bottom, or the mudskirt actually was on the bottom
and the mudline is 3 meters shallower than estimated.
The pinger attached to the mudskirt was still trans-
mitting, indicating that the former may have been the
case; however, the pinger may have been jostled up to a
level even with the mudskirt during the launching, so
that it was transmitting from exactly on the sea floor. It
seems unlikely that a hard layer, which was not present
at Hole 462, was encountered so close to the mudskirt-
on-bottom level at this location. Even if the mudskirt
were off the bottom by 3 meters, the cone probably
would sink in by that amount in.a few days.

After unlatching the bottom-hole assembly, the hole
was drilled and spot cored to 400 meters sub-bottom.
The chert, chalk, and limestone interval was re-cored
continuously in an unsuccessful attempt to recover more
carbonate sediments. The hole was then spot cored from
449 to 515 meters (Table 1), where continuous coring
was begun in Late Cretaceous claystones and lime-
stones. After Core 8, 10 stands of pipe were laid back in
order to raise the bottom-hole assembly above the chert
zone and ream out that level of the hole. The cherts
cored easily and did not seem to present any hole prob-
lems at this point.
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At 565 meters, in Core 14, the top of the basaltic sill
encountered at 560 meters in Hole 462 was reached. The
upper part of the sill cored very slowly, with penetration
rates of less than 1 m/hr. The pipe was round-tripped
after Core 20, at 586 meters, in order to change the bit
and add more drill collars for additional drilling weight
in the bottom-hole assembly. The bit, type F94CK, was
in good shape, although 17 teeth were broken out of the
drive rows. The other teeth had not suffered much wear,
and all the bearings were still sealed.

A new bottom-hole assembly was made up, with
three additional drill collars in the lower part of the
assembly and a new F94CK bit. No trouble occurred un-
til the sonar scanning tool was run in, which shorted out
soon after it started to scan. It was retrieved and found
to have a cracked plastic lead housing. That was re-
paired, and the tool was run in to 165 meters, where it
jammed because of a backed-out set screw. On the third
attempt, the cone was successfully re-entered and the bit
was easily run down to the bottom of the hole.

Operations went well until after Core 25, at 624
meters sub-bottom. The core barrel for Core 26 would
not seat, and repeated runs of an extended core barrel
did not remove the obstruction. After running an ex-
tended barrel twice, a regular barrel was pumped down
and a 2-meter interval was cut. The core barrel con-
tained nothing, so we were then certain that there was a
bit obstruction. On retrieving the bit, 10 broken drive
teeth were found, but the bit was otherwise in good
shape. We decided to run a type F99CK hard-rock bit
on the next re-entry. It will cut well, and last a long time
in basalt, but will not make much penetration in clay-
stone.

The drill string was run in in record time, but the
sonar scanning tool malfunctioned on its way down the
pipe. The tool was retrieved, repaired, and run in, and
we made a stab at the cone, using a new display scope
for the sonar scanning tool on the bridge. This scope has
a number of problems: (1) it does not hold an image
long enough; (2) it seems to be miscalibrated; and (3) the
mud-line image cannot be attenuated, leading to a con-
fusing display when in the vicinity of the cone. This
scope was replaced with the original scope.

On retrieval, the sonar tool jammed in the pipe at 650
meters below the sea surface. The logging cable parted
at the weak-link joint that is also the cable termination.
A conventional core barrel with new tungsten-carbide
dogs was made up and run in as a fishing tool. A con-
nection was made to the top of the sonar tool on the
first try, but the shear-pin connection to the overshot
parted on attempted retrieval. Considerable working of
the sand-line tension on the second try proved success-
ful, and the pipe was cleared of obstructions.

On lowering two stands of pipe, we determined that
our stab missed the cone, probably because of the new
display scope. The original display scope in place, we
easily re-entered and ran in to the bottom of the hole.

The F99CK bit penetrated no faster than a F94CK in
the basaltic sill, but cut beautiful cores, with individual
sections 1 to 2 meters in length. Penetration was about 1



m/hr. A new beacon (13.5 kHz) was dropped during the
cutting of Core 29, because the original one was losing
its signal strength. The new one had very small offsets
relative to this hole. Cores 27 and 31 were recovered
early, because erratic pump pressure indicated that the
cored basalt was unseating the core barrel. Core 32 cut
very quickly and contained basalt underlain by volcani-
clastic sediments. Cores 33, 34, and 35 also drilled
quickly, presumably through the same sequence, al-
though only traces of the formation were recovered. Ba-
salt was encountered again in Core 36. Core 37 also
drilled with hard-rock characteristics, but no core was
recovered. The string was rotated for 1 hour after Core
37, but no penetration was noted. Pump pressure was
slightly erratic, but not too unusual; torque and bit
weight were satisfactory, but the lack of recovery and
penetration induced us to pull the string to inspect the
bottom-hole assembly. Also, the pump pressure tended
to go up when the bit weight was slacked off, indicating
that the core barrel may not have been seated.

The drill string was retrieved, and all hardware was
found to be in good condition. The F99CK bit was in ex-
cellent condition after 39 rotating hours. All teeth were
intact, and the bearings were sealed. Basalt cobbles were
found above the bit and flapper valve, which had pre-
vented the core barrel from seating and blocked the cor-
ing process. Although we were uncertain of the next
formation to be encountered, we ran another new
F99CK hard-rock bit, because the first one performed
so well.

The pipe was run in for re-entry #3 without incident.
After scanning for less than 1 hour, an apparently good
stab was made, accompanied by audible clanging from
the in-the-pipe hydrophone. However, a slight loss of
weight and more-than-normal total-weight fluctuations
indicated that the cone may have been missed. The pipe
was pulled up above the level of the cone, and a second
stab was made. All signs then indicated a successful
stab, and running in of several stands of pipe verified it.

We began coring with Core 38, which cut very slowly,
after which the coring rate increased to 2 to 3 m/hr.
Cores 39 to 51 were taken through a basalt sequence
with extrusive characteristics increasing downwards.
Cores 40 to 43 contained volcaniclastic siltstones and
claystones. Very few problems were encountered in this
coring sequence. The core diameter reduced, until Core
51 measured 5.4 to 5.6 cm in diameter and had a rather
“lumpy’’ appearance. Because the bit had 48 hours on it
at that point, we decided on a round trip for bit replace-
ment,

Recovery of the F99CK bit showed one significantly
but not dangerously loose cone. The other three cones
were all tight, and the teeth were mainly intact, although
there was quite a bit of tooth wear. Since the teeth held
up better on these bits, we decided to run another
F99CK (button-tooth) bit for re-entry #4.

The drill string was run in for re-entry #4 without in-
cident, and an apparently successful stab was made
after only a half hour of scanning. Running in several
more stands verified a successful stab, and the drilling
assembly was run in to the bottom of the hole to start
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cutting Core 52. Core 53 required a second wire-line
run, because the overshot shear pin sheared on the first
one. Core 54 was pulled early because of a drop in pump
pressure, indicating that the core barrel was coming un-
latched. Core 57 recovered only 1.5 meters of a 9.0-
meter core, because of a jammed core liner and jammed
core barrel. Core 59 was run experimentally without a
core liner, and 97% of the core was recovered. Coring
with liners again resulted in a jammed liner-catcher
combination on Core 62, which was pulled early be-
cause of a drop in pump pressure, indicating unlatching
of the core barrel. Decreasing core diameter and 53
hours of bit life induced us to execute a round trip for a
new bit after Core 64. This bit suffered similar but more
extensive wear than the previous F99CK. One cone was
becoming dangerously loose, while the other three re-
mained sealed. More teeth were broken, and about 3/16
of an inch of “‘shirttail wear’® was noted.

Seven deviation surveys were made between Cores 49
and 63, all but the last showing large (5-10°) deviations,
although the measurements may be unreliable (the repli-
cate measurement does not match the first one, and is
not 180° across the bull’s-eye from it). The survey at
Core 63, 865 meters, showed an apparently reliable
measurement of only 1.3°. During re-entry #5, another
survey was made at 801 meters, approximately in the
middle of the previous large, but erratic ones. A reliable
1.5° deviation proved that the previous results were due
to a malfunctioning survey instrument.

In an attempt to make hole faster, we decided to use
an F94CK (chisel-tooth) bit on re-entry #5. The drill col-
lars were magnifluxed for crack detection, and the low-
est one was demagnetized during this pipe run-in. The
pipe was run in without incident, and an apparently
good stab was made, with only 15 minutes of scanning.
The drilling assembly went down the hole easily, with
only a minor hang-up on a previously encountered ba-
salt ledge at 5791 meters. On picking up the Bowen
power sub, the bearings in the supporting swivel failed,
requiring three additional hours to change the swivel out
for its spare. Because of many previously jammed core
liners, we began this coring sequence at Core 65, with-
out using liners. This increased recovery, lowered the
cutting and wire-line time, and lowered the danger of
the core barrel unlatching and allowing basalt fragments
to accumulate in the bit sub. These cores cut consider-
ably faster than previously, possibly because of the
chisel tooth bit, although the formation was more rub-
bly and less dense than before. This rubble reduced
recovery from Cores 69 to 73, and caused the drill string
to torque up somewhat. A round trip was decided on
during Core 74, at 953 meters, because of slow penetra-
tion and drill-string torquing. The bit had been used
only for 40 hours, but core diameters were hard to
measure in the rubble sequence.

The bit was recovered with only three cones attached,
the fourth one apparently having been left in the hole.
One of the remaining cones was locked, and the other
two were dangerously loose. Most of the teeth were
worn off these cones as the result of drilling on the lost
cone. The bottom of the hole was 3/16 to 1/4 of an inch
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undersized. Recovery for Core 74 was 103%, consisting
of 7.2 meters of sill-type basalt cut in about 30- to 50-cm
lengths. Core diameter was uniform at 5.1 to 5.4 cm.
Heavy scratch marks were observed on the lowest 6
meters of the bottom drill collar, indicating that the lost
cone was bypassed at some point. Probably at least
Core 74 was drilled with only three cones, after the lost
cone had been bypassed.

A junk basket consisting of a drill-collar-sized pipe
(concave junk mill), with teeth and tungsten carbide at
the bottom, was rigged to fish for the missing cone. Two
sets of dogs that completely close the core barrel were
rigged above the junk mill. These dogs were blocked
open with 4-in.-diameter PVC pipe glued to a piece of
plywood, to allow the EDO scanning tool access
through the bit. This assembly should have over-cored
the basalt rubble and loose cone at the bottom of the
hole, then recovered the cone after the PVC pipe and
plywood were crushied during the coring.

The pipe was run in without incident, the EDO-
scanning tool worked normally, and the re-entry was
made after about 15 minutes of scanning. The drilling
assembly was run to the bottom of the hole, and the drill
string was rotated with about 12,000 pounds of weight
for about 20 minutes. No drill-string torquing or bounc-
ing was observed. The hole was reamed and flushed
with mud, and the drill string was round-tripped.

The drill string was pulled up, and the PVC pipe-ply-
wood arrangement had not been crushed, allowing the
core dogs to close. A few basalt cobbles were wedged
beneath the dogs, but the cone was not recovered. Small
sections of polished surfaces on the bottom of the teeth,
groove marks on the outside of the junk mill, and
several chunks torn out of the teeth all indicated that the
cone probably was still in the hole, although not neces-
sarily on the bottom or in one piece. A second junk
basket was made up, similar to the first one, but with a
shorter piece of PVC pipe to block open the core dogs.
In order for the dogs to close with this arrangement, it
was only necessary that the PVC pipe be pushed up the
bit sub 2% inches.

The fishing assembly was made up and run in without
incident. Re-entry was temporarily hampered by a mi-
nor electronic console malfunction, which was quickly
cured, and the re-entry was made in the usual short
time, without further incident. The drill string was run
to the bottom of the hole and rotated for 2 hours with
12,000 pounds of weight on the junk mill. The drill
string first rotated smoothly, then exhibited moderate
torquing, then ran smoothly again. After drilling,
weighted drilling mud was pumped into the hole, and
the circulation was reversed in an attempt to pick up any
loose fragments on the bottom of the hole. The
weighted mud was then flushed out of the hole, and the
drill string was retrieved.

The junk mill was brought on deck, and all the core
dogs but one had been torn or milled out of the core
catcher. The last dog was badly milled, apparently from
coring a solid piece of basalt for too long a time. The
junk mill teeth were dulled, but it was not obvious that
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the missing cone was encountered at the bottom of the
hole. We decided to run down a regular drilling assem-
bly with a F99CK button-tooth bit, to determine if we
could drill ahead. This assembly was made up and run
into the re-entry cone, where re-entry was made to a new
16-kHz beacon dropped in the meantime. Re-entry took
about 2 hours, because new beacon offsets were deter-
mined.

The drilling assembly was run in to the bottom of the
hole, where mud was pumped, and about 2 meters of fill
were encountered. Repeated attempts to rotate the bit
on bottom with 5000 to 12,000 pounds of drilling weight
resulted in moderate bouncing and serious torquing of
the drill string. The drill string stalled several times, and
no apparent progress was made down the hole. After
stalling, the drill string could be freed by lifting it about
3 meters to open the bumper subs, indicating that the
obstruction was on the bottom. After 45 minutes of
drilling with no apparent progress, we decided to re-
trieve the drill string before the present bit was too badly
damaged.

The drill string was pulled out of the hole and up to
the rig floor. The core barrel was empty, and the bit
cones were badly gouged and scarred. Twenty-five in-
serts were broken off. The bit-cone bearings were in
good condition. We decided to run back in the hole with
the concave junk mill blocked open with PVC pipe. A
permanent magnet was run in after re-entry as a back-
up junk catcher. This magnet seated about 10 ¢cm above
the core dogs and was intended to retain bit-cone frag-
ments passing through the core dogs. The magnet was
an old tool, and not very powerful.

The drill string was run in, and re-entry was made
with no problems. The drilling assembly was then run to
the bottom of the hole, and the junk mill was rotated on
bottom with about 5000 pounds or less drilling weight,
for 5 to 10 minutes. Minor torquing was experienced at
first, then the drill string turned smoothly.

The overshot was then run in, and the magnet was re-
trieved. The magnet collected only pipe scale. An at-
tempt was made to re-energize the magnet by wrapping
the magnifluxing cable around it and exposing it to
about 10,000 amp-turns of magnetic flux. No apprecia-
ble difference in magnetic attraction was noted.

The Servco junk mill was then turned on bottom for
another 10 minutes of light weight, and the drill string
was retrieved; we discovered that all the core dogs had
been torn from the junk mill after only 15 minutes of
rotation. Nothing was recovered from the hole.

About the time this junk mill was brought on deck,
the chief engineer reported that the #2 bow thruster had
salt water flooded in the lube oil. Something in the
system had failed to seal and repairs had to be made
ashore. A crane is necessary to move the ‘“‘ear muffs”’
that seal the thruster tunnels while the thrusters are be-
ing worked on. This could be done in Majuro, and we
could maintain our position in the calm weather to
finish one more round trip.

Only enough time remained to make one more round
trip into the hole. It was decided to run the natural



gamma-ray-neutron back-scatter logs in the pipe, and
to conduct a junk run. We decided to run the Homco
junk mill, which is similar to the Servco model, except
that it has free-rotating core dogs and no way to land a
core barrel with a magnet attached. Its core dogs are
propped open with a wooden ‘‘sandwich’ that also
serves as a landing pad for the EDO scanning tool.

The' drill string was run in without problems. Re-
entry took about 2 hours and was hampered by the lack
of #2 bow thruster. The drilling assembly was run to the
bottom of the hole, and the logging tool was run in
through the pipe. The logging run was conducted com-
ing up the hole, with a total expenditure of time for log-
ging of about 5 hours.

The junk mill was then set down on bottom with
about 10,000 pounds of drilling weight and rotated
slowly for 1 to 2 minutes. The drill string was pulled out
of the hole for the last time, and we had recovered two
cobbles of basalt and got all the core dogs back intact,
but the bit cone was not retrieved. The free-rotating
core-dog assembly was less free-rotating than when it
was lowered, because of sand-sized grit in the moving
parts. The ship was got under way and run due west for
2 miles, where a sonobuoy was deployed, the ship was
turned to head due east, and a run was made across Site
462. The sonobuoy malfunctioned, probably because of
the hydrophone tangling in the magnetometer cable, but
a good quality, normal-incidence seismic profile was ob-
tained across the site. The ship then continued due east
across the northern Nauru Basin, profiling at about 6
knots. All geophysical running gear and the electronics
lab watch were secured when we came abeam of Ail-
inglapalap Atoll, about 300 km west of Majuro. The
ship was docked at Majuro Atoll on the morning of 11
July 1978 for repairs to the bow thruster and crew ex-
change.

Because a freighter was occupying the only available
space at Majuro wharf, the ship was anchored out, and
work was begun on the bow thruster. This required a
harbor tugboat and divers to manipulate into place the
‘‘ear muffs’’ that seal the thruster tunnel. Since the
weather was calm, the work proceeded smoothly. After
sealing and pumping out the thruster tunnel, the cause
of the leak was determined to be hold-down bolts
(studs) that had loosened from vibration. All 12 bolts
were changed, but the gear box itself was not replaced.
Thruster repair consumed 3 days, during which the ship
could not be moved without endangering the sealed
thruster tunnel. On July 12, during this period, the crew
change was accomplished via a charter aircraft, a local
freighter acting as a ferry, and a school bus. During the
morning of July 14, thruster repair was completed, and
the ship moved to the wharf to take on fresh water for
drilling mud. About 40,000 gallons of fresh water was
pumped on in about 20 hours. At approximately 0630
on July 15, we sailed from Majuro to re-occupy Site
462. The ship’s party included eight people who
departed the vessel in Majuro when the Site 462 work
was completed. A corresponding eight of the Leg 62
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crew waited on Majuro during this period. This ship
track back to Site 462 was between Ailinglapalap and
Namu Atolls, a deviation from a rhumb line track of
about 25 km, which allowed a different crossing of the
archipelagic apron of the western Marshalls.

The ship proceeded without incident across the
northern Nauru Basin to Site 462. Fifteen minutes after
starting to listen for a beacon, the 16-kHz instrument
signal was received at a range of 12,000 feet off the port
bow. The ship’s course was altered, the running gear
was retrieved, and the ship was positioned on site.

A junk grinder modified under the supervision of
Mr. Arkie Slayton of the Midway Fishing Tool Co. was
run in on a short bottom-hole assembly. This junk
grinder consisted of a concave grinding surface built up
from an existing ‘‘clover leaf”’ grinder. The 2Y2-in.
throat for the scanning tool was designed to be filled
with a center bit modified with tungsten-carbide chips
on the head. The drill string was run in, and the re-entry
stab was made after 2 hours of scanning. The scanning
tool was retrieved, and two verification stands were run
in. The logging sheaves were rigged down, and the drill
string was run to the bottom of the hole. No bridges or
filled sections were encountered. The grinder first took
up weight at 6139 meters, the total depth of the hole.

The junk grinder was turned with 10,000 to 15,000
pounds of weight for about an hour. There was no
bouncing, but severe torquing was observed, requiring
us to lift the grinder off bottom when the drill string
stalled out. Often the junk became wedged on the side
of the grinder and ‘‘followed the grinder up the hole.”
After about an hour of this procedure, the torquing
smoothed out, and more weight was applied to the
grinder. The grinder was rotated another half hour, and
the bottom of the hole was declared junk-free. The drill
string was pulled out of the hole and retrieved to the
ship. The grinder and center bit were recovered intact,
the center bit being worn badly in the grinding process.
The main surface of the grinder was still in good condi-
tion. Obvious milled surfaces and traces of PVC pipe
were observed on the grinder.

The bottom-hole assembly was re-rigged with an
F99CK button-tooth basalt bit and run in to a point
above the re-entry cone. The scanning tool was run
down, but would not fall to the bottom of the pipe. It
was retrieved, and we discovered a backed-out screw
that was jamming it in the pipe. The screw was torqued
down, and the scanning tool was run to the bottom of
the pipe. An electronic malfunction occurred immedi-
ately after beginning to scan, so the tool was retrieved.
Two leads in the logging tool head were found to be
shorted out because of a water leak. The logging-tool
head was repaired, and the scanning tool was run down
the pipe for the third time.

The scanning tool was run down the pipe, and scan-
ning was conducted for 2 hours prior to a successful
stab. The target on the scanning scope was very poor,
because of the pipe dope coating the transducer head,
discovered upon retrieval of the tool. This resulted from
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applying pipe dope to the interior pipe joint (the “box’")
instead of the exterior pipe joint (the ‘“‘pin’’), when run-
ning in pipe.

The pipe was run to the bottom of the hole, and drill-
ing commenced at 953.0 meters. Moderate torquing was
observed for the first 3.5 hours of drilling, then the
torque level smoothed out. Mainly intrusive, sill-type
basalts were recovered in Cores 75 to 79, from 953 to
994 meters, although the core catcher of Core 79 con-
tained brown claystone. Recovery of Core 76 was poor,
because of a core-dog jam, and Core 80 was retrieved
early because of slow progress, found to be caused by a
jammed core liner. Core 80 contained 3 meters of gray
volcaniclastic siltstone, overlying 1 meter of basalt.
Core 81, from 998 to 1003 meters, contained fractured,
sill-type basalt.

The drill string was pulled out of the hole to change
the bit after Core 81 and 35 hours of bit life. This de-
cision was based on the need to work with a new, multi-
purpose bit in the time remaining before the logging
program commenced; the general feeling was that it
would be safe to change the bit at that point. On re-
trieval, the bit was discovered to have three loose cones—
one dangerously loose—and a small piece of the cone
body containing four inserts was missing from one
cone. This piece may have been knocked off on re-
entry, and may have been the cause of the torquing dur-
ing the initial coring. Alternatively, the torquing could
have resulted from milling of junk in the hole that re-
mained after the junk-grinder run.

The bottom-hole assembly was re-rigged with an
F94CK chisel-tooth, multi-purpose bit and run in to a
point above the re-entry cone, The core was successfully
stabbed after scanning for 1 hour to a much improved
target over the previous re-entry. The drill string was
run to the bottom of the hole, and coring was begun
with Core 82. Core 82 was retrieved early, because of
very slow penetration; it was found to contain 1 meter
of basalt and 3 meters of cuttings. Apparently, either
the flapper valve was jammed open or the spring was
broken, so the center bit was run down twice in an at-
tempt to clear the jam. Core 83 was another short core,
to see if the flapper valve had been cleared. Only one
small piece of basalt was retrieved after cutting a
1.5-meter core, but the core barrel appeared to have
seated, so we proceeded with coring full-length cores.
Coring appeared normal until Core 91, although Core
86 had no recovery for no apparent reason. Cores 91
and 92 recovered only a 2-cm fragment of basalt each in
the core catcher. The fragment in Core 92 was rotated
sideways, giving the impression of extra space some-
where in the bit assembly, so we decided to trip out of
the hole at that point with 37 hours of wear on the bit.
Coring had been slow and continuous from Core 85 to
91, but Core 92 had drilled very quickly. When the bit
was recovered on deck, all four cores were found intact
with the bearings sealed; however, all the drive-teeth in-
serts were worn off the middle of all the cones. The
flapper-valve spring was broken, which may account for
some of our earlier problems with an open flapper
valve.
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The used bit was removed from the pipe, and a spe-
cial landing sub was installed for the scanning tool,
which also allows logging tools to pass easily through
the end of the pipe. The pipe was run in to the re-entry
cone, the scanning tool was run down the pipe, and the
stab was made after 15 minutes of scanning. The scan-
ning tool was retrieved, the end of the drill string was
run down to the bottom of the re-entry-cone casing, and
the sonic-velocity and gamma-ray caliper tool was run
down the pipe. This tool was run to the bottom of the
hole without encountering any ledges, and the tool was
retrieved up the hole while logging. The tool worked
normally, and an excellent velocity log was obtained.

The tool was retrieved up the pipe and lost near the
top of the pipe, apparently because it was two-blocked
against the line wiper at the rig floor. We felt that the
tool probably had fallen back to the bottom of the hole,
so a guard tool was rigged to be run carefully down the
hole. The guard tool encountered the velocity tool at
132 meters; on retrieval, it was found to have been
jammed there because the caliper was open.

The five stands of pipe that had been laid down to re-
trieve the velocity tool were put back into the drill
string, and the scanning tool was run down the pipe for
re-entry. When the scanning tool reached the bottom of
the pipe, it would not present a target or a bottom echo,
so it was retrieved and found to have a water leak. An
alternate scanning tool was run down the pipe, the tar-
get was scanned for about 1 hour, and the stab was
made. On retrieving the scanning tool after the fifteenth
successful re-entry at Hole 462A, a broken strand of ar-
mor wire was found on the logging cable at about 5000
meters. This jammed and balled up against the line
wiper, requiring about 250 meters of loose wire to be cut
off. The logging cable was no longer usable for logging
or re-entries, so the scanning tool was retrieved, and the
drill string was pulled out of the hole. At 0524 (local), 27
July, the ship departed the site and sailed due east
toward Majuro. At 1400 (local), 29 July, Glomar
Challenger rendezvoused with a small craft at the en-
trance to Majuro Lagoon, where a transfer of 10 people
on and 10 people off the ship was accomplished. This
terminated Leg 61.

SEDIMENT LITHOLOGY

Introduction

The stratigraphy of sediments and sedimentary rocks
recovered from the Nauru Basin is as follows:

Unit I 0-297 meters Calcareous and radiolarian ocozes and
chalks, mainly of turbidite origin, of
late Eocene and younger age.

Unit IT  297-447 meters Cherts, chalks, and limestones, pre-

sumably the diagenetically advanced
Eocene to Maestrichtian equivalents
of Unit I, above,

Volcanogenic and zeolitic sand-
stones, mudstones, and limestones
(the lowest within sills and flows),
of Maestrichtian to Barremian age.

Unit [11  447-996.5 meters




For the purpose of this report, the section can be
divided into these three units. All units are characterized
by abundant contributions of sediment transported to
the site and redeposited. In brief, Unit I is ooze above
about 220 meters, and mainly chalk below that depth.

The contact between Units I and 1I is placed at the
first cherty rock recovered, a piece of porcellanite near
the top of Core 32. Unit 11 is chalk, with sparse porcel-
lanite and chert above Core 41, but Cores 42 through 47
were slow to drill, and recovery of chert and limestone
was poor. Unit III has a upper section of redeposited
volcaniclastic siltstones, sandstones, and breccias, inter-
bedded with marls, limestones, and chalks. It was recov-
ered as high as 447 meters, but may extend up to 440
meters (by interpretation of the density log through
an uncovered interval). The section below about 487
meters, dominated by zeolitic mudstones and clay-
stones, contains but minor amounts of limestone or
volcanic sandstone. Basalt intrudes the zeolitic mud-
stone at 561 meters, but layers of mudstone lie between
sills as deep as 599 meters. Whether these Cretaceous
zeolitic sedimentary rocks continue deeper could not be
determined at this site.

Two holes (462, 462A) were drilled; a graphic sum-
mary of their stratigraphy to a depth of 617 meters is
given in Figure 9.

Hole 462
In Hole 462 the following units are recognized:

Unit I: Calcareous and Radiolarian
Oozes and Chalks (0-297 m)

The sea floor of the Nauru Basin lies at 5181 meters
Precision Depth Recorder, (PDR) at this site, well below
the CCD. At these depths, we expected and found brown
pelagic clay at the top of the piston core taken during
the 1977 site survey, as well as in the top 2 meters of
Core 1. The clay, like most of the oozes and clays well
into the section, is rich in radiolarians, perhaps owing to
the proximity of this site to the equatorial belt of high
productivity during much of the Cenozoic. The first sev-
eral cores were moderately to strongly disturbed by the
coring process, so that our inferences of the rhythmic-
ally bedded in situ appearance and redeposited origin of
the bulk of the Neogene are based on (1) alternations of
solution-prone and solution-resistant lithologies where
least disturbed by drilling, the homogeneous disturbed
portions combining the alternating lithologies; (2) abun-
dant carbonate detritus reworked from sediments with
microfossils as old as Late Cretaceous; (3) comparison
with obvious turbidites from deeper levels, where re-
covery of preserved primary sedimentary structures im-
proved; (4) the regional setting, a nearly flat-floored
basin with leveed channels, sloping gently up to the
southwest, where at about 400 km distance is the eroded
edge of the Ontong-Java Plateau; and (5) continuous,
“‘turbidite-appearing’’® reflectors on the site-survey
seismic-reflection profiles.

The beds, colored in various shades of brown, con-
tain abundant clay and radiolarians, and range from si-
liceous pelagic clays through radiolarian-rich clays to
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radiolarian oozes. Diatom remains and spicules of sili-
ceous sponges are common locally, and trace amounts
of phosphatic fish debris and opaline silicoflagellates
may be present.

The layers of calcareous ooze are mainly composed
of nannofossils, perhaps resulting from more-active dis-
solution of foraminifers in the source area or in the
present basin of deposition. At many levels, however,
foraminifer content is sufficiently high to give the ooze
a sandy appearance and feel. A few per cent of radio-
larians are present in many of the carbonate-rich layers.
The ooze is very pale-orange to white; none of the cores
displayed the pastel greens, blues, and purples common
in freshly opened piston and DSDP cores in areas of
present-day particle-by-particle pelagic carbonate sedi-
mentation: such colors bleach rapidly as the original
micro-environment of reducing pore waters is destroyed.
This supports the overwhelming evidence discovered by
the paleontologists that virtually all of the carbonate
grains were redeposited.

The repetitions of carbonate and non-carbonate beds
are on a scale from less than 0.1 meter to more than 8
meters. The percentage of CaCO; in a bed about 1.2
meters thick in Core 16 is shown in Figure 10. Obvi-
ously, the thicker carbonates are not single turbidites,
and probably most of the thinner ones are not; if they
were, the volumes of individual density flows would
have been enormous. Slight mottling, indistinct hori-
zontal bedding in some units, and alternations of fora-
minifer-rich and foraminifer-poor layers suggest that
the carbonate-bearing parts of Unit I represent repeated
influxes of sediment, whereas at other times such proc-
esses were infrequent or nil. Perhaps the difference
could be related to changes in tectonism or bottom cur-
rents in the source area, but more likely there were
changes in the levee heights, locations, and pathways
along the distributary channels fed from the Ontong-
Java Plateau.

Toward the tops of the better-sampled carbonate
units, the nannofossil ooze grades upwards into sili-
ceous pelagic clay. Commonly, the siliceous, domi-
nantly radiolarian component of a sequence of turbid-
ites is sufficiently great that the succession is nanno-
fossil ooze through radiolarian ooze to pelagic clay.
Most of the radiolarian tests are fragmented and size-
sorted. Perhaps these grains, with a high ratio of surface
area to volume, are fractions of turbidites even more
distal than the carbonate part. The pelagic clay repre-
sents the background sedimentation in the region. It
may also in part represent a solution facies of the tops
of the oozes.

Below about 250 meters, the recovered carbonate
sediment becomes sufficiently lithified to earn the name
chalk. The density log suggests that the transition is be-
tween about 228 and 241 meters; however, the hole is
washed out in this area, so the density log is probably
not reliable. In the lower part of Unit I and the upper
part of Unit II, the appearance of several split cores is of
pieces of chalk a few centimeters thick, separated by in-
tervals of ooze-like soft sediment. This has been com-
mon at other DSDP sites in carbonate sections. The up-
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Core 16, Site 462 (J. Rutherford, analyst).

permost part may indeed represent a transitional inter-
val, with layers of ooze interbedded with layers in which
differences in texture or composition have allowed dia-
genesis to proceed to the chalk stage. The alternative ex-
planation, which the density log suggests, certainly is
the correct one farther down in the section, where small
relict lumps of chalk as well as flakes of rusty scale from
the drill pipe can be seen in the “‘soft’’ intervals. The
larger, biscuit-like pieces of chalk represent sediment
cored when the driller released the brake momentarily,
whereas the sediment between the large pieces is chalk
ground up by the bit, wetted with water circulated
through the string of drill pipe, and then pressed up into
the core barrel.

Sedimentary rock without a common name may be
present in Unit I below about 200 meters, and is typical
of much of Unit II. The rock is the siliceous equivalent
of chalk, composed dominantly of radiolarians, with
clay and sponge spicules, but so firm that the term ooze
seems inappropriate. It behaves like chalk under a
spatula or fingernail, and small lumps resist disintegra-
tion during modest washing. Yet certainly the rock is
too friable to deserve the names porcellanite or chert.
We have called it a very firm radiolarian ooze for lack
of anything more appropriate.

Against this general background of turbidite oozes
and chalks, two less common but significant lithologic
contributions are found in Unit I, ash and shallow-
water, sand-sized material. The ash is found in Cores 4,
5, and 6, and also was indicated by a modest increase in
the drilling rate at the bottom of Core 5. By inspection
of the first-run gamma-ray log, the principal ashy inter-
val is between 44 and 50 meters.

Where the ashy component is contained in radio-
larian ooze it is brown, whereas it is greenish-gray in
carbonate ooze. Yellow-brown glass, glass partly altered
and crowded with opaque dust, feldspar, pyroxene, and
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some amphibole are the components from volcanic ac-
tivity nearby. The volcanism records the early late Mio-
cene to Pliocene growth of Kusaie Island, the east-
ernmost and apparently youngest of the Caroline Island
Chain. Kusaie is the closest island to Site 462, lying
about 260 km to the southwest,

Sands of shallow-water origin characterize parts of
Cores 21, 22, 29, 32, and 34 and are thickest at about
210 meters depth. According to the gamma-ray and den-
sity logs, the principal interval lies at 207 to 212 meters
depth. The carbonate component of the coarse fraction
is a mixture of chalky-lustered, recrystallized, highly
abraded fragments of large foraminifers, mollusks,
echinoid spines, calcareous red algae, bryozoans, and,
rarely, corals, Rare fragments of white to pale-yellow
calcite spar are also present. Individual fragments range
from 1 to 4 mm in diameter. Identified large foramini-
fers include nummulitids and discoclyclinids. The for-
mer include these genera, in decreasing order of abun-
dance: Nummulites, Heterostegina, Operculina, Spiro-
clypeus, Cycloclypeus, and Assilina; the discoclyclinids
are mainly represented by Asterocyclina. Also present is
a primitive species of Miogypsinoides. Cores 22 and 32
are especially rich, containing, among other large fora-
minifers, alveolinids, Cycloclypeus, and lepidocycli-
nids.

This assemblage is Eocene in age, but also contains
Paleocene and Cretaceous redeposited elements. The as-
semblage indicates an origin in a reef to shallow-bank
environment. In thin section, intensely recrystallized
and strongly calcite-cemented rock fragments contain-
ing the above-listed fossil elements are seen. This in-
dicates that lithified reef rock, as well as individual skel-
etal fragments, of Eocene age were transported into the
deeper-water Oligocene facies. A similar event took
place during Oligocene time in the Line Islands (Win-
terer, Ewing, et al., 1973; see Premoli Silva and Brusa,
this volume).

Volcanic grains make another component of the
sand. They include lithic grains which are commonly
vesicular and are opaque to transmitted light at their
greatest thickness, as well as vitric and crystal (pyrox-
ene) grains. Like the lime sand, they are detrital in
origin. Probably they are the record of times in the
Oligocene when the Marshall Islands were above sea
level. Foraminifers of probable Eocene age and volcanic
rock from the tops and submarine slopes of the islands
were being eroded. The Ralak Chain of the Marshalls
lies about 230 to 400 km to the northeast and east of the
site, and the unnamed group of the Marshalls (contain-
ing Enewetak Atoll and numerous closer atolls, sea-
mounts, and guyots) is the same distance to the north-
west; Enewetak Atoll is known to have been emergent in
the Oligocene.

Unit II: Cherts, Chalks, and Limestones (297-447 m)

As noted in the introduction, the top of Unit II arbi-
trarily is placed at the level of the highest recovered
cherty rock within the chalk and firm radiolarian
“‘ooze.”” These principal lithologies persist down to
about 390 meters, but with a general increase in the pro-



portion of the radiolarian intervals to the nannofossil-
chalk intervals between about 330 and 390 meters. The
highest recovered porcellanite, from 297 meters, does
not show on the logs (hole washed out), but intervals at
349 to 353, 367 to 370, and 376 to 378 meters show
above the top of the main interval at 390 meters depth.
The 367- to 370-meter interval showed the highest den-
sity, and chert sampled in Core 39,CC, at about 368
meters, may be a principal seismic reflector.

At Site 462, two different sequences of silica dia-
genesis and formation of authigenic silicates can be rec-
ognized, which reflect two different types of particle
sources. The dominantly biogenic silica supply in the
Cenozoic sequence led to chert formation in Cores 32 to
47, at burial depths exceeding 300 meters. Preliminary
examination shows that diagenesis of the Cretaceous
volcaniclastic sediments led to the formation of zeolites
and authigenic clay minerals.

Dissolution of biogenic opal in the radiolarian and
radiolarian-nannofossil oozes increases with depth: dia-
toms are preserved only above Core 20, whereas below
that level opal is limited to varying amounts of remain-
ing radiolarians and sponge spicules. No alteration of
biogenic opal-A to opal-CT (low-temperature cristo-
balite/tridymite) has been noted in non-silicified sedi-
ments, contrary to evidence from other sites, where
alteration in individual skeletons was observed.

Porcellanites occur only sporadically in Cores 32, 34,
40, 44, and 47, the majority of pieces recovered being
quartzose cherts. Intercalated radiolarian oozes and cal-
careous turbidites are interpreted as host rocks.

Carbonate diagenesis, like silica diagenesis, had ad-
vanced in the lower part of Unit II. Limestones and
siliceous limestones are the only other lithologies recov-
ered with the chert from the main cherty interval be-
tween 390 and 450 meters. The more-siliceous lime-
stones are colored pale tints of blue, grayish-yellow,
light olive-gray, and very pale orange; the limestones are
more nearly white. Nannofossils are common in the
limestones, but the origin of most carbonate is not dis-
cernable in the shipboard smear slides scraped from the
limestones. Some of the rhombs may have been sparry
cement, and the various spindles and tiny irregular
grains probably represent skeletal remains in various
stages of dissolution or overgrowth. A very thin vein of
native copper is present on a high-angle hair-line joint
within Core 46.

Unit III: Greenish-Black Volcaniclastic Sediments,
Brownish-Red Zeolitic Claystones, and
Black Shales (447-559 m)

Unit III is separated from Unit II by the down-hole
disappearance of major chert and the appearance of
volcaniclastic material; its boundary with Unit IV is at
the sediment/basalt contact. Unit III embraces the time
interval between late Campanian/early Maestrichtian
and Cenomanian. The top of the unit comprises light-
olive-gray to pale-yellow nannofossil chalks and lime-
stones, locally mottled; associated lithologies are dark-
gray to olive-gray nannofossil marls and claystones
which are horizontally laminated at some levels. These
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sediments, which contain considerable percentages of
unspecified carbonate, traces of volcanogenic grains,
very sparse radiolarians, and sponge spicules, are inter-
preted as a pelagic product in which the amount of re-
deposition has been modest.

Interbedded and intermixed with these host lithol-
ogies are a series of greenish-gray to greenish-black vol-
caniclastic sediments. These deposits are perhaps the
most striking feature of this unit and display a range of
sedimentary structures: tabular and trough cross-lami-
nation, horizontal and parallel lamination, angular and
scoop-shaped scours and pebbly mudstone conglomer-
ates whose clasts range up to 2 cm in length. Prominent
vertical burrows are present in one cross- and hori-
zontally laminated calcareous volcaniclastic level at the
top of the unit (Core 48, Section 1): these organo-sedi-
mentary features may be escape structures, the result of
rapid and premature burial of the organism concerned
(see Moberly and Jenkyns, this volume). This mixed cal-
careous volcaniclastic level is one of the few in the unit
which contains a notable admixture of planktonic fora-
minifers. Grading is obvious in many of the volcani-
clastic sediments, and one bed, attaining a thickness of
2.55 meters, fines upwards from a dark-greenish-gray,
granular base to a greenish-gray, burrow-mottled, clay-
rich nannofossil limestone (Core 51, Sections 1-3).
Slump structures, both within the scale of the core itself
and, apparently, extending over several tens of cen-
timeters, characterize particularly the basal levels of the
volcaniclastic sediments; inclined bedding, up to 30°
from the horizontal, is present locally. A range of other
styles of soft-sediment deformation (phacoidal struc-
tures) are also present, commonly involving horizon-
tally and cross-laminated horizons. The basal part of
the volcaniclastic section comprises a matrix-rich vol-
canic breccia (wackestone), where sparse altered mafic
clasts are enveloped in bluish-gray clay. Volcanic glass,
heavy minerals, radiolarians, sponge spicules, fish re-
mains, and clay constitute the fine fraction.

Associated with these volcaniclastic sediments are a
variety of shallow-water skeletal grains. In Core 48-2, of
Maestrichtian age, the coarse-grained carbonate compo-
nents are a poorly sorted mixture of chalky and abraded
tests of large benthic foraminifers (including Pseud-
orbitoides, Vaughnina, and Asterorbus), subangular
chips of mollusk shells, short segments of echinoid
spines, and rare bryozoans. Small chips of white to
yellow calcite spar are present, and some of the fossil re-
mains show calcite cement adhering to their surfaces,
suggesting that rock fragments as well as uncemented
skeletal grains were redeposited within the upper levels
of the volcaniclastic sequence.

In Core 51-3, of late Campanian age, the coarse-
grained carbonate components are a poorly sorted mix-
ture of small (< 1 mm) unidentifiable calcite fragments,
large foraminifers, echinoid spines (rare), fragments of
white to yellow calcite spar, and mollusk shells. Many
of the large foraminifers are relatively well preserved,
but most, like the echinoid spines, are thickly coated
with clear to white and yellow, subhedral calcite crys-
tals. There is a striking contrast between well-preserved
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(slightly chalky), large foraminifers and calcite-coated
forms that appear to have been broken out of a well-
cemented rock. Identified large benthic foraminifers in-
clude Vaughnina sp., Pseudorbitoides sp., and amphis-
teginids. In Core 52, rudistid fragments were found.

These shallow-water fossils of Maestrichtian to late
Campanian age indicate that banks within the photic
zone existed during the Late Cretaceous, probably in the
Marshall Islands, as noted above. The presence of cal-
cite-cemented material mixed with the individual fora-
minifer tests suggests that these banks may have emerged
and that subsequently fragments of these diagenetically
mature limestones mixed with co-existing reef and fore-
reef material in the turbidites.

The volcaniclastic sediments, with their associated
fauna, are clearly redeposited, and, because many of
them display features typical of Bouma sequences, they
readily may be interpreted as turbidites. The matrix-rich
volcanic breccias probably were formed by deposition
from a plastic, mobile mass, possibly some kind of
debris flow. It is possible that the original texture was
more granular initially, and considerable in situ devitri-
fication of glass to clay minerals has taken place. All
these volcaniclastic sediments presumably reflect syn-
chronous volcanism nearby,

Below the volcaniclastic sediments are light-olive-
gray claystones to limestones that typically occur in se-
quences that are calcareous and laminated at the base
and pass upwards into more-clay-rich, burrowed tops.
Above this burrowed level, zeolitic claystones, usually
consisting of pale-bluish-green and pale-brown layers
(2-3 cm thick), are typically developed. The olive-gray
limestones to claystones here are interpreted as redepos-
ited material, and the zeolitic claystones are interpreted
as the product of background pelagic sedimentation.
Farther down the section, the thickness of the zeolitic
claystones gradually increases, and colors of grayish-red
and reddish-brown dominate over the pale-bluish-green
hues. Olive-green claystones die away downward, until
the pale-reddish-brown zeolitic claystones to siltstones,
locally evincing faint horizontal lamination, become the
dominant lithology. Traces of radiolarians, sponge spic-
ules, fish teeth, and nannofossils constitute the fauna
and flora. Occasionally, beds of greenish-gray, horizon-
tally laminated volcaniclastics are interbedded (Core 57,
Section 3, and core catcher). Near the base of the sec-
tion, green mottles and calcite veins occur, and horizon-
tal lamination is common; a nannofossil marlstone is
recorded from Core 58, Section 4. Core 59, also zeolitic
mudstone (with nannofossils in Section 1), is domi-
nantly reddish- to light-brown, but contains horizontal,
millimeter-scale laminae colored dark yellowish-orange,
moderate brown, and grayish-green. Most striking per-
haps are interbedded reddish-brown and greenish-
brown horizontal laminae, and a distinct black horizon.
Zeolitic mudstone, containing a piece of moderate-
brown, impure quartz chert, is in contact with basalt.

The zeolitic mudstones presumably represent the
alteration products of fine-grained volcanic material
which has undergone modest redeposition; the former
presence of siliceous organisms, tentatively identified in
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smear slides, is supported by the presence of chert: an
isolated nodule was recovered from the Cretaceous vol-
canogenic sequence 40 cm above basalt in Core 60. This
chert is isotropic under crossed nicols (opal-CT?), and
shows a sound velocity (5.292 km/s) higher than, for in-
stance, a porcellanite from Core 47 (4.290 km/s).

The grayish-brown to black sediments, dated at about
the Cenomanian/Turonian boundary, are intriguing, in
that similarly colored, coeval, but organic-rich sedi-
ments are recorded from a variety of locations within
the major ocean basins and in pelagic sections on land.
These sediments, however, are not organic-rich (0.11%
organic carbon maximum), and they apparently owe
their color to enrichment in iron and manganese oxy-
hydroxides.

Unit 1V: Basalt and Diabase with
Sedimentary Intercalations

Unit IV is dominantly basalt and diabase, but it pro-
vided samples from four major sedimentary intercal-
ations (63-1, 6-62 cm; 64-1, 30 cm through 64-3, 42 cm;
65-1, 0-20 cm; and 66-1, 0-16 cm), here grouped as part
of sedimentary Unit III. The first, stratigraphically
highest of these horizons is a grayish-black to black,
waxy claystone with relict hyaloclastite texture, contain-
ing abundant zeolites and fragments of dark material
which is iron- and manganese-rich. Chemical analysis
(XRF) of the material reveals a composition very similar
to that of the enclosing sill, except for an elevated Mg
content. The second and thickest of these sedimentary
intervals comprises greenish-black claystones to hyalo-
clastic siltstones, horizontally and cross-laminated. The
component particles are chiefly altered volcanic glass,
set in a matrix of clay that probably resulted from ter-
minal devitrification of an igneous precursor. The
material at 65-1, 0-20 cm is essentially identical to this;
that at 66-1, 0-16 cm, however, is grayish-red and
grayish-blue-green hyaloclastic claystones containing
some fish debris.

The sediments above-described are presumably rafts
caught up during emplacement of the basic sill; they are
therefore likely to have undergone some thermal meta-
morphism. The stratigraphically highest intercalation,
with its black, waxy character, is part and parcel of the
dark Cenomanian sediments that lie above the sill. The
grayish-red and grayish-blue-green hyaloclastic sedi-
ments probably formed as a by-product of extrusion of
the Lower Cretaceous flows discovered in Hole 462A.
Redeposition has clearly operated during formation of
the cross- and horizontally laminated, greenish-black
siltstones that constitute the two central intercalations.

According to interpretation of the density and gamma-
ray logs, the top of the basalt is at 561 meters. Sedi-
mentary intercalations logged at 570 to 571.5 and 575 to
576 meters were not recovered in Core 61, nor was the
bottom of the intercalation at 578 to 581.5 meters
recovered in Core 62, but its base is the hyaloclastite
recovered in the top of Core 63. Most of the intercala-
tion logged between 586 and 590.5 meters was recovered
in Core 64. Logs were not started deep enough to iden-
tify clearly the actual depth of sediments recovered at



the tops of Cores 65 and 66 within the diabase sill. It is
possible that these pieces fell into the hole between
periods of coring, and were thereby available for collec-
tion at the tops of the next cores, but the size of the
pieces and bit-cut marks indicate that they are in place.

Hole 462A

The first part of this text is a comparison of sedi-
ments and sedimentary rocks recovered from the upper
part of Hole 462A with those of Units I, II, and III re-
covered from Hole 462. The second part is a description
and summary analysis of the Mesozoic section recov-
ered below the total depth of Hole 462.

To assign a particular lithology to a certain depth, the
datum used for the purpose of comparing Hole 462 and
462A is the length of the string of drill pipe plus the
bottom-hole assembly hanging from the derrick floor,
not in-hole depths below the sea floor. The reason for
this is that the sea floor at Hole 462A is listed as 3
meters less than at Hole 462 (actually, probably less
than 3 meters, considering that the holes are merely
about 500 meters apart on a turbidite-formed abyssal
plain, and that the PDR readings are rounded-off up-
ward. Thus, on Figure 9 the cores from Hole 462 are
plotted 3 meters deeper than the sub-bottom depths of
cores from Hole 462A.

We have followed the general DSDP convention in
spacing or ““hanging’’ the actual meters recovered from
the top of the listed cored interval for a regular core.
For washed cores H2, H3, and H4, the in situ location
of the pieces of rock recovered from the washed interval
is unknown, except that the largest hard pieces probably
represent the hardest beds wherever they were pene-
trated in that interval, and that the softer sediment
probably was almost totally washed away by the water
pumped down the hole. Washed core H1, however, was
almost certainly obtained between 363.5 and 371 me-
ters. Finally, the bit core (B1) probably is the rock unre-
covered by Core 26.

Unit I: Calcareous and Radiolarian Qozes
and Chalks (at least 78.5-259 m sub-bottom)

This unit extends from the sea floor to 297 meters in
Hole 462. In 462A, Core 1 sampled the upper, or ooze,
part of the unit, and Core 2 sampled the lower, or chalk,
part. As in Hole 462, the ooze is present as alternating
intervals of nannofossil, nannofossil-foraminifer, fora-
minifer, nannofossil-radiolarian, and radiolarian ooze.
The carbonate oozes, which predominate and show no
sedimentary structures, are very pale orange to white,
whereas the siliceous oozes are browner and show slight
to moderate mottling in some parts. Each of the carbon-
ate intervals presumably is made of numerous turbi-
dites, as deduced for the previous hole.

Chalk recovered in Core 2 resembles chalk cored at
similar depths in Hole 462, shortly below the ooze-to-
chalk transition. It is very pale orange, with faint evi-
dence of burrowing in some parts. The chalk contains
several 1- to 6-cm intervals of dark-yellowish-brown,
firm, nannofossil-bearing radiolarian ooze, which is
faintly laminated and burrowed. Sediment in Core 2 is
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virtually identical with sediment of similar depth, age,
and diagenetic stage from the first hole.

Unit II: Cherts, Chalks, and Limestones
(at least in the interval 363.5 to 441 m)

Washing, rather than coring, down across the equiva-
lent depth in Hole 462A of the unit boundaries of Hole
462 precluded recovery of the highest cherty stringers
marking the arbitrary top of Unit II, or the highest
volcaniclastic sediments marking the arbitrary top of
Unit III.

Foraminifer-nannofossil chalk is the dominant lith-
ology of Core HI1; this washed core spanned depths
from 259 and 373 meters before the core barrel was
pulled, but the recovery probably was between 363.5
and 371 meters, according to the drillers’ interpretation
of pump pressures and drilling rates. The chalk is very
pale orange to white, and most was badly disturbed by
drilling. Firm, calcareous radiolarian ooze (whose lith-
ology, like that of the chalk, is described more fully in
the report for Hole 462) is present in the chalk as bur-
rowed, grayish-orange layers, of millimeter- to centi-
meter-scale. A piece of porcellanite jammed in the core
catcher may be from the equivalent of the cherty inter-
val at about 370 meters in Hole 462.

Washed Core H2 and regular Cores 3 through 7 re-
covered a meager total of 4.2 meters of cherts and lime-
stones of the 76 meters penetrated. The true proportion
of these rocks, or of any other types of sediment in the
section, is therefore unknown. The cherty rocks include
light-gray, greenish-gray, and light- to moderate-yellow-
ish-brown porcellanites, and light-gray to light-olive-
gray, siliceous limestones, as well as quartzose cherts in
more varied and generally deeper shades, such as gray-
ish-orange and grayish-orange-pink, pale olive-gray,
and moderate- to dusky yellowish-brown. Zeolitic lime-
stones, and two thin beds of claystone, are the only
other represented lithologies.

Unit III: Volcanogenic and Zeolitic Sandstones,
Mudstones, and Limestones (about 450 m,
to within igneous rocks of Unit IV)

The upper part of Unit III, as recovered from spot
cores and washed cores, comprises pinkish-white through
pale-brownish-gray to pale-yellowish-brown limestone,
locally clay rich and nannofossil-bearing. Pale-blue-
green nannofossil marlstones are also present. A pale-
yellowish-brown chert is recorded from one core (H3-3).
Faint horizontal lamination is present at some levels;
burrow mottling is more common. Interbedded with
these sediments in washed core H3 are beds of cross-
and horizontally laminated, greenish-gray, volcaniclas-
tic sandstones, containing detrital carbonate. Disturbed
ripple bedding is present in some of these volcaniclastic
layers.

The volcaniclastic components decrease downward in
Cores 8 and H4, and the host rock is mostly medium-
brownish-gray through light-olive-gray limestone and
clay-rich nannofossil limestone. Increasingly, however,
thin couplets of pale- to grayish-blue-green and grayish-
brown, zeolitic volcanic claystones make their appear-
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ance. Varicolored claystones (medium gray, grayish-
brown, pale yellowish-brown, pale blue-green) domi-
nate in the lower parts of the unit. Increasingly also, the
content of recognizable zeolites increases in the lower
reaches of these claystones. Particularly notable is the
presence at 462A-9-5 of native copper in several parts of
the core. This occurrence is at a level considerably below
that in Hole 462, and, unlike that example, is not in
sub-vertical veinlets. Rather, the copper occurs in tiny
strands surrounded by haloes or apparently bedded lev-
els of blue-green zeolitic claystone which themselves are
set in a brownish-red matrix. This latter color dominates
through most of Core 10, and the lithology concerned,
which locally carries Chondrites burrows, contains thin,
grayish-blue-green interbeds of claystone and cross- and
horizontally laminated volcaniclastic siltstone. Thicker
layers of greenish-gray volcaniclastic siltstone to sand-
stone show graded units and horizontal and ripple bed-
ding, locally evincing signs of soft-sediment deforma-
tion. Fucoid burrows are not uncommon. At some lev-
els (see Core 11), the claystones are less obviously zeo-
litic; radiolarians, grossly recrystallized into siliceous
globules, are common at certain horizons in Cores 12
and 13, typically being better preserved in the grayish-
blue zones than in the light-brown claystones.

At the base of the sedimentary section, the vari-
colored claystones darken to brownish-black and black
with light-brown smears. Faint lamination is present
throughout these darker lithologies, and in Core 14-1
the laminae dip at approximately 20°. Resting directly
on basalt is a piece of black chert.

As in Hole 462, sediments are also intercalated within
the basalt. These sediments are chiefly gray, hyaloclastic
siltstones and sandstones, locally showing grading,
cross- and parallel lamination, and soft-sediment defor-
mation. Pebbly conglomerates occur at some levels. A
thin, quartzose radiolarian claystone, reddish-brown in
color, is stuck to chilled basalt in Section 20-2. Several
features of note are present in these intra-basalt sedi-
ments. First are distinct contact-metamorphic aureoles
at 32-1 and 41-7, where sediments below the basalt con-
tain spherical, magnetic porphyroblasts of millimeter
scale. The coalescence of these spherules shows clearly
that they have grown in place; they decrease in size but
increase in number below the sediment/basalt contact,
giving the appearance of inverse grading. The second
important feature is the presence of abundant plant re-
mains, apparently coated by a patina of pyrite in Sec-
tion 40-1; these remains occur in a laminated sediment
deformed into a phacoidal structure whose bedding dips
some 5 to 10°. A sample of this core, dated as probable
Aptian-Albian, contains approximately 0.25% organic
carbon. Similar organic-rich sediments containing ter-
restrial plants occur in coeval sediments in other oceans.

Following a port call at Majuro, drilling was resumed
on 19 July. At 993 meters below the sea floor, beneath
428 meters of almost continuous diabase, we recovered
239 cm of volcaniclastic sediment at 79-6, 80-1, and
80-2. The uppermost part of this unit, at 79-6, is
grayish-red (5R 4/2), and the lower parts, in Core 80,
are various shades of dark gray (N3 and N4) and
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brownish-black (5YR 2/1 and rarely 5YR 4/1). Sandy
and rarely pebbly siltstone occurs above 42.5 cm in Sec-
tion 80-1. This unit exhibits trough, parallel, and cross-
laminations, and three obvious instances of normal
graded bedding with fairly sharp basal contacts. Be-
tween 42.5 and 62.5 cm in Section 80-1 is a conglomer-
ate layer. The matrix of this unit is the same kind of
sandy siltstone described above. The clasts are angular,
oriented parallel to bedding, and average 5 to 8 mm.
The largest clast, at 55 cm, measures about 20 X 5 mm.
Rarely, basalt pebbles occur as clasts, but no carbonate
material was observed. The coarsest material in this
layer occurs near the middle, at 51 to 56 ¢cm, the grain
size grading both up and down to coarse sand. Under-
lying the conglomerate is 117 cm of generally homoge-
neous sandy siltstone containing rare coarser and fine
laminae. A second conglomerate, also containing angu-
lar clasts, occurs between 59 and 65 cm in Section 80-2.
The clasts average about 5 mm, and range up to 15 mm.
Boundaries of this unit are rather abrupt. The lowest
unit in this sequence is 46 cm of sandy siltstone contain-
ing faint parallel lamination at 1- to 2-cm intervals. At
the base of this unit is a 1- to 2-cm interval of lighter-
gray material, and on one corner of the lowest piece
(80-2, 101 cm) is a small amount of black glass. These
sediments consists almost entirely (95% +) of very
angular, clear to olive-colored grains altered to smectite,
with trace amounts of glass, feldspar, and opaque
minerals. No carbonate grains were observed. One thin
layer (80-1, 18 cm) contains a Barremian radiolarian as-
semblage, plus fish debris and agglutinate foraminifers.

The graded beds, parallel and cross-laminations,
homogeneous intervals, and the thin pelagic layer sug-
gest that all five intervals of the Bouma turbidite se-
quence may be present here. The siliceous sediments,
the redeposited shallow-water grains, the volcaniclastic
deposits, and the organic-rich horizons are discussed
elsewhere in this volume.

INORGANIC GEOCHEMISTRY

Interstitial pore water was squeezed from 11 sediment
samples taken at regular intervals down to a depth of
445 meters, 16 meters above the top of the sill complex.
These water samples were analyzed for pH, alkalinity,
Ca2+, Mg2+, and Cl- by standard DSDP methods, pre-
viously described. The results are shown in Table 2.

The variations of Ca2*+ and Mg2+ with depth (Fig.
11), and pH, alkalinity, Cl-, and salinity with depth
(Fig. 12), show two major zones related to the major
lithological units separated by the chert-rich layer con-
centrated between 365 and 448 meters sub-bottom. Un-
fortunately, recovery was too low within the chert zone
to allow taking of interstitial-water samples. The sedi-
ments above the chert, basically turbidite flows, range
downward from calcareous and radiolarian oozes into
chalks between 220 and 255 meters sub-bottom. The in-
crease in alkalinity and drop in pH above 365 meters
suggest a very broad sulfate-reduction zone in the sec-
tion above the cherts, related to the origin of the
sediments and to the present environment. Deep-water
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Table 2. Summary of shipboard geochemical data, Leg 61.

Core Section Interval Sub-bottom Alkalinity  Salinity Calcium Magnesium  Chlorinity
Sample No. No. (em) Depth(m)  pH (meq/1) (%e) (mM/1) (mM/1) (%)
IAPSO (standard sea water) 7.88 2.54 358 10.55 53.99 19.34
SSW (surface sea water) 8.27 231 34.6 10.15 52.09 18.78
] 1 6 144-150  9.44-9.5 7.55 2.94 353 10.47 52.42 19.68
2 5 4 140-150  44.4-44.5 7.54 2,95 36.1 11.63 52.08 19.94
k] 10 4 140-150 91.9-92.0 7.42 144 16.0 12.20 50.57 19.61
4 16 3 140-150 147.4-147.5 7.25 3.77 5.2 13.79 48.69 19.34
5 20 4 140-150 186.9-187.0 7.22 3.97 154 14.82 47,89 19.58
6 26 4 140-150 243.9-244.0 7.21 3.87 5.4 15.73 47.10 19.64
7 30 2 140-150 278.9-279.0 7.23 4.18 355 16.59 46.53 19.51
8 36 3 140-150 337.4-337.5 7.21 4.13 35.6 17.51 45.67 19.61
9 48 1 90-100 448.4-448.5 7.33 0.72 35.7 55.04 10.67 19.61
10 54 2 140-150  506.9-507.0 7.54 0.39 35.6 57.05 9.66 19.81
1 58 3 140-150 S544.4-544.5 1.58 0.88 342 58.01 10.70 19.14
meq/| pH 7.0 75 Chlorinity 18.0 19.0
4.0 Salinity

100

200

Sub-bottom Depth (m)
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600 - 1 1 i 1

Figure 11. Variation of calcium and magnesium concentrations with
depth.

pelagic sediments generally show either a continuous
drop in alkalinity or a slight increase in the uppermost
50 to 200 meters in higher-productivity areas, because
most of the organic matter is broken down during its
descent through the water column.

The vertical anomaly in alkalinity and pH values at
Site 462 can be explained best by the relatively high
organic content of the turbidites, which originated in
much shallower water and were transported into deep
water. In deep water, the high hydrostatic pressure and
low temperature would greatly slow the biochemical
transformations responsible for this increase in alkalin-
ity and decrease in pH (i.e., the oxidation of organic
matter into CO,, coupled with the reduction of the
anion of a strong acid [SO3~] to the anion of a weak
acid [HS]), and would increase the time and depth at
which these changes occur. Also the depth of the
alkalinity maximum corresponds to the zone of highest
sedimentation rate (=2 cm/1000 yr) in Hole 462.

The slow increase in calcium and decrease in mag-
nesium at nearly a 1:1 ratio (Fig. 13) is typical of the

Alkalinity 2.0 34.0
0 T T T
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Figure 12, Variation of alkalinity, pH, salinity, and chlorinity with
depth,

diagenetic changes in biogenic oozes involving recrystal-
lization accompanied by replacement of calcium by
magnesium.

Below the chert layers the measured parameters
strongly affected by diagenetic changes are quite dif-
ferent from those above the chert, reflecting both the
nature of the chert layer and the sediments below it. The
increase in pH, decrease in alkalinity, and the high cal-
cium and low magnesium are probably due to low
organic content and the formation of clays from the vol-
caniclastic sediments, with solution of calcium and
replacement by magnesium. The sharp gradients across
the chert zone imply that this layer has porosity low
enough either to block diffusion or to be very rate-
limiting. Silicate diagenesis also can cause a decrease in
CO, and a rise in pH.

The effect of the sill upon the gradients is difficult to
assess, but circulation of interstitial water through the
basalt may be responsible for the lower chlorinity and
salinity in Core 58 (16 m above the sill), and also the
high manganese content of the basal claystones.
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Figure 13. Co-variation of calcium and magnesium.

Calcium carbonate was determined with the carbon-
ate bomb. These data are in Table 3.

BIOSTRATIGRAPHY

Summary

Modern sediments at Site 462 deposited at a water
depth of 5181 meters consist of red clays with man-
ganese nodules. The washed residue of the > 63-um size
fraction is limited to a few radiolarians, sponge spicules,
and fish debris. The sediments are characterized by a
lack of carbonates.

In Core 1, 3 meters of red clay were recovered. They
are underlain by apparently homogeneous, white nan-
nofossil-foraminifer ooze which yielded heavily mixed
but well preserved planktonic-foraminifer assemblages,
with forms at least as old as the late Miocene. Micro-
scopic analysis reveals that the ‘“homogeneous’’ oozes
are finely graded, and ultimately can be subdivided into
different units, the largest planktonic foraminifers oc-
curring at the bottoms of the turbiditic sequences. In the
upper part of the “pelagic’ turbidite, planktonic fora-
minifers are present only in the smaller fraction (150-63
um), or even absent.

These patterns were already described from piston
core MP1, taken by the Kana Keoki near Site 462 during
the site survey.

The alternation of red clay with carbonate-rich and
earlier of radiolarian “‘pelagic’’ turbidites represents the
main feature of the lithologic succession recovered at

Table 3. Hole 462 calcium car-
bonate data determined
aboard ship by the carbon-
ate-bomb technique.

Sample
(interval in cm) % CaCO3y
462-124, 16-19 24
12-4, 75-77 88
16-1, 26-28 ~2
16-2, 63-65 5
16-2, 74-76 40
16-2, 85-87 56
16-2, 99-101 62
16-2, 109-111 71
16-2, 119-121 73
16-2, 129-131 74
16-2, 139-141 80
16-2, 148-150 79
16-3, 1-3 83
16-3, 8-10 81
16-3, 25-27 81
16-3, 19-21 81
23-2, 58-60 90
24-2, 134-136 78
24,CC,CC 63
25-1, 90-92 89
26-2, 97-99 92
28-1, 34-36 91
33-1, 130-132 86
44-1, 42-44 24
48-1, 113-115 50
48-2, 57-59 62
53-1, 25-28 67

Site 462, at least down to Core 39, at a depth of 370
meters sub-bottom.

By analogy with the modern situation, it is assumed
that the indigenous pelagic sediments at this site are the
red clays and that the fine- and coarse-grained calcareous
components are allochthonous and were carried down-
slope by turbidity and/or bottom currents from shal-
lower areas well above the CCD, possibly even above
the lysocline. As mentioned above, the turbidites con-
tain a suite of Pleistocene through Miocene planktonic
foraminifers, forms as old as the Cretaceous occa-
sionally being represented. In some cases, the reworked
forms are more abundant than those of the most recent
age, completely masking the biostratigraphic signal.
This sedimentary model is also confirmed by the pres-
ence of scattered coarser graded layers, described as
volcaniclastic sandstones rich in shallow-water larger
foraminifers, red algae, coral, and mollusk fragments,
and more rarely lithic materials. These coarser layers
surely originated in water shallower than that from
which “‘pelagic’’ turbidites came—perhaps from a reef
around a volcanic island. The age and composition of
the two types of reworked materials are plotted against
depth in Figure 14.

Because of the heterogeneity of sedimentation at Site
462, for each sample the occurrence, abundance, and
preservation of the main fossil groups (foraminifers,



calcareous nannoplankton, and radiolarians from the
> 63-pm washed residues obtained during the cruise) are
plotted against sub-bottom depth, age, zonal assign-
ment, and CaCO, content (Figs. 15-17). Moreover, the
relative abundance of the minor fossil groups and the
inorganic materials in the residues was estimated for all
Mesozoic samples, as shown in Figure 17.

The primary observations resulting from those plots
are (1) the negative correlation between foraminifer-and
radiolarian-abundance curves; (2) the positive correla-
tion between the amount of volcanic material and
foraminifers; (3) the uniform distribution of the cal-
careous nannoplankton, compared to the spotty pres-
ence of both foraminifers and radiolarians during the
Cenozoic; whereas (4) in the Cretaceous the abundance
of calcareous nannoplankton fluctuates together with
the other fossil groups in response to sediment type; and
(5) the increased abundance of deep-water biogenic
components in the Cretaceous section.

Calcareous Nannofossils

Age determinations of Cenozoic nannofossil assem-
blages from Holes 462 and 462A are based on the zonal
schemes of Martini (1971) and Bukry (1973, 1975). The
Mesozoic biostratigraphic scheme is a slightly modified
version of Thierstein’s (1976). Estimates of absolute
time for the biostratigraphic units are shown in Tables 4
through 6 and follow those by Berggren and Van Cou-
vering (1974), Hardenbohl and Berggren (1978), and
van Hinte (1976). Zonal assignments of cores, the abun-
dance of nannofossils, and the state of preservation
(i.e. etching and overgrowth) are shown in Figures 15
through 17. The precise positions of the examined
samples and their estimated ages are indicated on the
core-description sheets.

The Cenozoic, and at least parts of the Cretaceous,
carbonate record at this site are largely allochthonous.
Evidence for turbidite deposition is found in the scarcity
of isolated nannoliths on smear slides through most of
the Cenozoic sequence. The sediments often consist of
fine radiolarian sands, nannoliths being preserved only
within the radiolarian tests. Dissolution and overgrowth
features persist throughout the sequence. Reworking of
older specimens is observed throughout the Cenozoic.
The abundance of reworked taxa decreases with increas-
ing age difference compared to the autochthonous as-
semblage. Mixing of fossils from adjacent zones abounds
and leads to uncertainty in delineating zonal bound-
aries, particularly in the Oligocene and late Miocene to
Pleistocene.

No neritic taxa have been observed in any of the as-
semblages, with the exception of Braarudosphaera sp.
in Cores 55 and A9, of early Campanian age.

The abundance and preservation of calcareous nan-
nofossils in sediments below 520 meters sub-bottom de-
teriorate, making accurate dating extremely difficult.
An age range of late Albian to latest Cenomanian for
sediments overlying the highest sill complex is based on
the presence of rare to few Cruciellipsis chiastia, Eif-
Sfellithus turriseiffelii, and Cylindralithus spp.; early
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Turonian species are missing. Rare, poorly preserved
Lithraphidites alatus make a Cenomanian age very
likely.

An isolated, poorly preserved nannofossil assem-
blage was found in a thin layer of claystone intercalated
in basalt sills in Core 40, Section 1, 92 cm. This assem-
blage consists of Watznaueria barnesae (99%), Lith-
astrinus floralis (rare), Rucinolithus irregularis, and
several long-ranging Early Cretaceous species (Late Ap-
tian to earliest Albian), possibly indicating a restricted
environment of original deposition.

All other sediment samples from within the basaltic
complex were barren, or of Campanian age, indicating
down-hole contamination.

In the lower part of Hole 462A, at 993 meters below
the sea floor, beneath 428 meters of almost continuous
diabase, 239 cm of volcaniclastic sediment was recov-
ered from 462A-79-6 to 462A-80-2. Twenty samples
(Table 7) of this sediment were studied for calcareous
nannofossils, but all were barren. The samples selected
above, below, and from the radiolarian layer (Fig. 18),
and from pebbles (claystone) in the sediment, also
brought negative results.

After both re-entries (#12 and #13) the next cores
contained cuttings in which Late Cretaceous nanno-
fossils were recovered in (Cores 76 and 82). These occur-
rences represent down-hole contamination from the
Cretaceous layers overlying the basalt.

Foraminifers

The type of sedimentation strongly biases the bio-
stratigraphic signal, particularly that based on plank-
tonic foraminifers. Frequently the age of the sequence
was established on the basis of calcareous nannofossils
or radiolarians, rather than planktonic foraminifers,
which are distributed sporadically through the strati-
graphic column (Figs. 14-17). The zonal scheme based
on planktonic foraminifers used in the present report is
shown in Tables 4 through 6 and is based mainly on cor-
relational zonal schemes by Berggren and Van Couver-
ing (1974) and Hardenbol and Berggren (1978) for the
Cenozoic, and van Hinte (1976), Sigal (1977), and
Premoli Silva and Boersma (1977) for the Mesozoic.

Cores 1 through 3 are attributed to the Pleistocene.
Few of the studied samples contain a Pleistocene fauna
(e.g., 462-2,CC. The planktonic foraminifers in these
samples are well preserved and well developed. Among
the most important and common forms are Pulleniatina
finalis, P. obliquiloculata, Truncorotalia truncatulin-
oides, Globorotalia tumida, Sphaeroidinella dehiscens
dehiscens, and Streptochilus tokelauae. This assemblage
is attributed to Zone N22 (early Pleistocene).

The major component of the reworked faunas is a
very rich assemblage of Miocene age (N17, N13-N12,
N8). Pliocene elements are poorly represented, as are
older faunas, which also include some Late Creta-
ceous forms.

It is worthwhile to mention the abundance of biserial
heterohelicids belonging to the genus Streptochilus,
represented by all the species described to date by Bron-
nimann and Resig (1971), some of which are reworked.
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Figure 14, Distribution at Site 462 of foraminifers reworked and transported from reef and shallow-water environments and from deep-water
(bathyal and abyssal) environments.
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Figure 14. (Continued).
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Figure 15. Oligocene to Pleistocene biostratigraphy at Site 462.

Core 4 is very poor in planktonic foraminifers, while
Core S yielded a relatively rich assemblage, among
which Globorotalia tumida, Pulleniatina obliquelocu-
lata, P. finalis, sphaeroidinellids, globorotalia tosa-
ensis, Streptochilus tokelauae, and Globigerinoides
fistulosus are the most common and important species.
This assemblage is attributed to Zone PL6 (late Plio-
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cene). As in the cores above, the major reworked faunal
components belong to the Miocene; however, elements
of late Oligocene assemblages increase in importance.
Cores 6 through 8 yield rich planktonic-foraminifer
faunas attributable primarily to late Miocene Zones N17
and N16; however, few forms of early Pliocene age,
such as well-developed specimens of the guide form



SITE 462

Hole 462 (Hole 4624 Bio Zones Foraminifers Nannoplankton Radiolarians
I e § —"g‘ §| | i Presar: § Lja':“;:' E i 0 | Abundance :;‘:j’:;"}g CaCO, (%)
g > = R Rl ) — Byasid] e e e
A §3|3| hrreavdrmel & nreasai o [weed™rweld D @ e & W
S&| 5 | 8& |aw (8|32 o i |
200-| 8 5 FC I {
= | |
g L. ca
alE | l
i | |
3 | J
= | |
—— I Eﬁ | H
- |
2504 ——1 e | |
2 5 i |
® N [ P4
AR l |
ZREP f
§ = |
é ‘ |
G g ]
§ ,//’ J & I ~ I
E 300 é wﬁ—;zﬂ { ‘.I
3 s |
F % £ §| . ; | ]
3 |- . | | —
& |8 | -
2 il | | &
7| : | | .
o
é A | I
% = = | | H
Z ' I
350- é o ] c | |
B /
% : | /|
Z aE | 1
% 8 TE‘Q& A l l
é 2 BT | [
=
7’ § e l \ I
ZBIRE | \|
7 al I |I
e M :
H
400 é ] & l |

Figure 16. Eocene to Oligocene biostratigraphy at Site 462.

Globorotalia margaritae, and of late Pliocene to Pleis-
tocene age, such as Streptochilus tokelauae, among
others, indicate that those cores are at least Pliocene. In
fact, the Pleistocene forms are here interpreted as down-
hole contaminants. If further studies prove that they are
instead in situ, then the base of the Pleistocene should
be placed at the base of Core 8, at about 73 meters sub-
bottom. In this last case, not only the late Miocene
faunas, but also the early Pliocene assemblages must be
considered reworked.

Core 9 had no recovery. The occurrence of Globo-
rotalia juanai and primitive Pulleniatina at 462-12-5,

47-48 cm, dates the interval from Core 10 to Core 12,
Section 5, to the late Miocene Zones N17 and N16 (mid-
dle part). Globigerinoides ruber and well-developed
Globigerina nepenthes are sometimes associated with
the above-mentioned species, and their occurrence is
consistent with the zonal attribution. In this interval,
however, late Miocene faunas are overwhelmed by mid-
dle Miocene (Zones N12 and N13) assemblages, which
are particularly abundant at the bottom of the coarser
graded layers (coarse foraminifer sands). Very large
specimens of Globotruncana contusa (late Maestrich-
tian) and the highest shallow-water skeletal debris are
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Figure 17. Abundance, preservation, and associated data of Cretaceous to Eocene microfossils.

also reworked in the same layers (Core 11, Section 3;
Core 13, Section 5). The lower part of the late Miocene
Zone N16 and the middle Miocene Zones N15 and N14
seem to be missing at Site 462.

Core 12, Section 6, to Core 15,CC are attributed to
the middle Miocene Zones N13 and N12 on the occur-
rence of primitive Globigerina nepenthes, common
forms transitional to G. nepenthes, and Sphaeroidinel-
lopsis subdehiscens. Again, the bulk of the planktonic-

50

foraminifer faunas consists of older assemblages of the
early middle Miocene (Zones N11 and N10) and late
early Miocene (Zones N8 and N7). Globigerinatella in-
sueta occurs commonly in those layers. In Core 14, Sec-
tion 5, 79-81 cm and Core 15,CC, relatively large
amounts of shallow-water debris are recorded.

Cores 16 and 17, Section 1, are attributed to the early
Miocene Zone N7, based on the occurrence of Globiger-
inita glutinata, Hastigerina siphonifera, and the first
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Figure 17. (Continued).

Sphaeroidinellopsis in Core 17, Section 1, 6-8 cm. As
above, the dominant planktonic-foraminifer faunas be-
long to older zones, such as the lower part of Zone N4
(Globorotalia kugleri Zone), then latest Oligocene in
age, associated with undifferentiated Oligocene forms.

Although Core 15 had very poor recovery, a new dis-
continuity in the planktonic-foraminifer record must be
hypothesized between Cores 15 and 16.

The absence of Miocene forms in Core 17, Section 3
through Core 18,CC, which yield rich planktonic-fora-
minifer faunas attributable to Zone N4, allowed us to
locate the Miocene/Oligocene boundary within Core 17.
Faunas attributable to the early Miocene Zones N6 and
N5 appear to be missing at Site 462.

Core 19 through Core 23, Section 2, are attributed to
the late Oligocene Zone P22 (Globigerina angulisutu-
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Table 4. Neogene biostratigraphy.

m.y Age Planktonic Foraminifers Calcareous Nannofossils Radiolarians
0
NN2I g 7
Late N23 Core | Wiz ] Core L Seetions 1-6 Lamprocyriis
Pl e hayst
i< ) N Core 1,6C
Early N22 BNI9
Core 2
brrrrrerses e - Care 5,CC Pierocanium
2 PL6 NN — — ] prismatium P
NNI17 o
N2I PIiS Core 3,CC
L Core 4- NNI6
3 g t; Core &
i N20
Pliocene = NNIS Spangasier
penras
i Earty | M9 e 1
PL1 NN13
NIg
5 W NNIZ
6 — Stichocorys Core 4, Section 2-
peregring Core 5, Section 1
4
] N Core 10, Section |
Late NN Core 6-Core 8
84
Ommatarius
penultimus
7 Core 5, Section 2-
NI6 Core 12, Section § Core 6, Section. 3
s it v i Ommaiarius
w= 1 1 A ————t—— e —— — antepenultimus
NNI1O
- Ni5
" Core 7, Section |-
NNO Core 8, Section 4
N4 Cannartus
o = Cord 12, Seclion 5| NN8 e
Core 14,CC. Core 1A C_ _IO—_C T i2_ — Core 1A, Section 1-
Middle 5 ore MG 1y Core 1A,CC
13 N12 (,or: 15 NN? Section 1 Core 1A
‘=\\ NI NG Dorcadospyris Core 8,CC-
late 12, Section 4
N9 IR NNS Care 12-Core 15 e o
14 M
N R e = ]
b —— ]
15 =
Core 16 Catocycletta Core 13, Section 1-
16 NI Care 17, Section | costata Core 15,CC
NN4
17 4 o s
18
2l NN Stichocorys
wolfffii
19 - Eegly oL 1 e ——
NS MNN2 Core 16, Section |
20 - Core 16, Section 2
Stichocorys
delmontensis
— W —— ] —————
21 '
22 4
Core 17, Section 3- : Cyriocapsella Core 17, Section |-
N4 Care 18 NNI | Core 16,CC-Core 18 tetrapera Core 17, Section 6
23
Lychnocanoma Core 18, Section 2
oA 4 . -

Oligocene

Table 4. Neogene biostratigraphy.




Table 5. Paleogene biostratigraphy.

SITE 462

m.y. Age Planktonic Foraminifers Calcareous Nannofossils Radiolarians
25 - - -
G. ciperoensis Core 19-Core 23, NP325 Core 19, Section 2- D. elongata Core 18, Section 6
26 - __ Section2 Core 19, Section 6 _ |
27 4
Core 19,CC-
‘Gr. " opima opima Core 23, Section 3- Np24 Core 22 :
a8} p21 Core 27, Section 2 rE —_— Core 19, Section 2-
Late Dorcadospyris Core 25,CC
=4 T K W ] ateuchus
30 . — e et | e |
Oligocene G. ampliapertura Core 27, Section 3-
P20 Core 32, Section 3 Core 23-
— —_—— | NPz23 Core 32, Section 2
Core 2ZA
4 Core 2A, Section 1-
Cassigerinella Core 2A,CC
- chipolensis/ = = Theocyrtis
Early | pseudohastigerina Core 32, Section4- | | | tuberosa
15 - micra Core 33
P19-P18 NP22
. Core 32,CC-
Core 33
PPR— NP2l
T. cerroazulensis Core 34 NP20 | Core 33-Core 38_ -
T i e el b e Thyrsocyrtis Core 27, Section 2-
R e S I NPI9 —‘ bromia Core 37,CC
-1 Globigerinatheka
semiinvoluta NPI18
40
n Truncorotaloides NP17 Podocyrtis Core 38, Section 1-
rohri goetheana Core 38,CC
. = = = = — = Podocyrtis chalara -
Orbulinoides ; Core 39, Section 2-
] beckmanni Podocyrtis Core 39, Section §
NP16 Core 39, Section | mitra
. Middle Morozovella Podocyrtis ampla Core 41,CC
45 4 Eocene ehneri | 0000
i Globigerinatheka Corea0 Sectlon 3 Thyrsocyrtis
NP15 ot 1 o) triacantha
- subconglobata Core 39,CC
— Hantkenina =
aragonensis NP4 F——— —— T. mongolfieri
- T. cryptocephala
Acarinina Phormocyriis
50 pentacamerata NP13 Core 41— siriata
Morozovella Core 42
- aragonensis Buryella
Early M. formosa NFP12 clinata
- —— e e e e
_l M. subbotinae NPI1 Core 44, Section |
M. edgari NP10 Core 5A,CC
Morozovella
55 — velascoensis NP9
_l Late Planorotalites =
pseudomenardii NP7
- NP6
M. pusilla pusilla NP5
Paleocene M. angulata NP4
60 —
-1 M. inat Core 45,CC
uncinata NP3
Early |“M."" trinidadensis
Subbotina .
— pseudobulloides NP2
65 “P. " eugubina NP1
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Table 6. Cretaceous biostratigraphy.

m.y.

Radiolarians

Hole 462

Hole 462A

65

70

Maastrichtian

A. mavaroensis

G, contusa

Globotruncana

Theacapsoma
comys

gansseri

A. cymbiformis

46,0C-48,CC

G. tricarinata

Campanian

G. calcarata

G. subspinosa

T. trifidus

49-1-50,CC

H3-1-H3-3

51-1-52-2

52-2-52,CC

T. gothicus

§3-1-54-3

Globotruncana

T. avuleus

Amphipyndax
enesseffi

54.3-54,CC

elevata

Dicarinella
asymetrica

854

Coniacian

Dicarinefia
concavala

Turonian

B. parca

VP

M. furcatus

e — = 7 ——

55-1-55,CC

Artastrobium
urna

Marginotruncana
schneegans!

Praegiobotruncana
helvetica

Whiteineila
apriva

G. abliquum

Cenomanian

Whiteinella
baltica

Rowlipora
cushmani

R. reicheil

Rotalipora
brotzent

L. alatus

Dhicryemitra
somphedia

VRAC

Planomalina
buxtorfi

Albian

Ticinella

E. turriseiffeli

59-1

H3,CC-8-1

8-1-9,CC

12-1-13-1

breggiensis

Ticinella primula

pl'mriu‘;lm

P. crefacea

Ticinella

110 4

115

Aptian

G. Noides

bejaouensis

Heql Hla trocoidea
oides al s
errealensis

Schackoing
cabri

P. angustus

Acaeniotyle
umbilicata

Globigerinelloides
maridalensis/G. blowi
ottisi/G. Noides duboisi

Hedbergella similis

C. litterarius

i B el

Barremian

Hedbergella
sigali

M. haschulzii

Eucyriis
renuis

43-1-43-3
80-1




Table 7. Hole 462A samples from Cores 79 and 80 in
which Cretaceous calcareous nannoplankton were

not found.
796, 0-1  80-1, 15,8 80-1, 17,7 80-1, 18,9
79-6, 8 80-1, 16,1  80-1, 17,9  B0-1, 80 (pebble)
80-1, 1 80-1, 16,5 80-1, I8 80-1, 120-122
80-1, 15 80-1, 17 80-1, 18,1  80-2, 60 (pebble)
80-1, 15,6 80-1, 17,4 80-1, 18,3 80-2, 110-112

14

RADIOLARIA

3
SAMPLES FOR CALCAREOUS NANNOFOSSILS

20

Figurells. §ample 462A-80-1, 14-19.3 cm, with the position of the
radiolarian layer and positions of the samples studied for calcare-
ous nannofossils.

ralis Zone) on the occurrence of Globoquadrina prae-
dehiscens and common well-developed Globorotalia
siakensis and related forms in Core 23, Section 3,
98-100 cm. In agreement with the inferred age, rare
Globigerinoides primordius and Globorotalia mendacis
are first recorded in Core 22,CC and in Core 22, Section
1, 69-72 cm, respectively. The coarser layers are very
rich in planktonic foraminifers from early to late Oligo-
cene Zones P19 through P21. Cassigerinella and
Chiliguembelina are the dominant forms of the finest

SITE 462

fractions (<150 um). Two of the largest shallow-water
assemblages are recorded in the coarsest layers in Core
21, Section 1, 1-3 cm and Core 22, Section 1, 69-71 c¢m,
whereas few skeletal remains occur in Core 23.

The lower part of Core 23 (Section 3 to CC) still yield
large planktonic-foraminifer assemblages similar to
those of the upper part, except for the absence of
Globoquadrina praedehiscens. The occurrence of Glo-
borotalia opima opima, G. siakensis associated with
well-developed Globoguadrina baroemoenensis, and
less common forms close to Globogquadrina altipsira
does indicate that part of Core 23 may belong to the late
Oligocene Zone P21 (Globorotalia opima opima Zone).
Large numbers of forms belonging to older Oligocene
zones (P19 and P20) occur in the same interval.

Below Core 23, layers yielding large planktonic-fora-
minifer faunas decrease downward, replaced mainly by
radiolarian-rich layers, or by minor amounts of pelagic-
clay layers totally devoid of planktonic foraminifers.
Taking into account that heavy reworking from older
levels still occurs, the zonal boundaries must be con-
sidered only tentative: the boundary between Zones P21
and P20 is arbitrarily located within Core 27.

Well-developed Globoguadrina baroemoenensis are
recorded in some samples from Cores 28 and 29, and
from the upper part of Core 32. According to Blow
(1969), this taxon appears within Zone P20 (‘“‘Glo-
bigerina’’ ampliapertura Zone); however, on the basis
of personal observation of deep-sea drilling material by
one of the authors (IPS), specimens attributable to G.
baroemoenensis occur at the base of Zone P20. Then
Core 32, Section 3, 113-115 c¢cm, which contains the
mentioned taxon, is datable approximately to the P19/
P20 zonal boundary, while the overlying cores are at-
tributed to Zone P20. Catapsydrax unicavus, Turboro-
talia ampliapertura, Tenuitella gemma, Globorotalia
opima nana, Globoquadrina galavisi, Cassigerinella chi-
polensis, and Chiloguembelina spp. are the most impor-
tant forms identified in this interval. Late Eocene and
early Oligocene planktonic-foraminifer assemblages are
reworked in the same layers.

From Core 32 to the top of the Mesozoic, between
Cores 45 and 46, planktonic foraminifers correlative
with nannofossil zones are very rare and limited to a few
levels, partly because of the poor recovery in some
cores, and mainly because they are absent. Core 34
yielded some planktonic foraminifers, including Sub-
botina linaperta, S. angiporoides, Catapsydrax sp.,
Chiloguembelina spp., and representatives of the Tur-
borotalia cerroazulensis lineage, along with a rare
shallow-water assemblage. An attribution to Zone P17
(latest Eocene) is suggested, which agrees with the age
inferred from calcareous nannofossils and radiolarians.

Acarinina nitida, *‘Globorotalia’’ guatemalensis, Mo-
rozovella acuta, M. gracilis, ‘‘Morozovella’’ edgari,
“M.”” aequa, ‘‘M.’’ wilcoxensis and Subbotina sp.,
characterizing Zone P6 (““M.”’ edgari Subzone), of
earliest Eocene age, occur in Core 44 and are not con-
sidered reworked. Few other planktonic assemblages
were found in this interval (in Cores 37 and 42), but they
are clearly reworked (Fig. 14).
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Core 45, which according to the nannofossils is early
Paleocene in age, has only 45 cm of recovery, most of
which is chert. No planktonic foraminifers were found.

The main feature which differentiates the Mesozoic
from the Cenozoic is that the reworking from older
levels ceased, although the sedimentary patterns remain
more or less constant. In the Mesozoic, the presence of
carbonates, even still allochthonous in a deep basin well
below the CCD, is related more to penecontemporane-
ous transport.

Planktonic foraminifers are still largely size-sorted,
and rather commonly the assemblages are composed only
of small-sized individuals. As in the Cenozoic, rich
planktonic-foraminifer assemblages are associated with
the volcaniclastic layers, which also contain shallow-
water debris.

Samples vielding planktonic foraminifers are scarce
and spotty, the main lithology being zeolitic clay.

From Core 46 through Core 48, few to abundant
planktonic foraminiferal assemblages were recorded.
The preservation is rather poor, and the assemblages are
mainly recrystallized. The occurrence of Globotruncana
gansseri, Abathomphalus intermedia, and G. aegyp-
tiaca, along with G. elevata, Pseudoguembelina costu-
lata, Psg. excolata, and G. arca, characterizes the Glo-
botruncana gansseri Zone, of middle Maestrichtian age.
It is within Core 48 that the youngest Mesozoic volcani-
clastic layer occurs.

Cores 49 and 50 are assigned to the early Maestrich-
tian Globotruncana tricarinata Zone. The assemblages
are rich and are moderately well preserved. This zone is
mainly distinguished on the basis of its negative charac-
ter: it corresponds to the interval between the extinction
of Globotruncana calcarata (lower boundary) and the
appearance of G. gansseri (upper boundary). Both
markers are present below and above Cores 49 and 50.
Globotruncana stuartiformis, G. tricarinata, G. forni-
cata, G. arca, and Rugotruncana subpenneyi, Schack-
oina multispinata are among the most characteristic
forms.

In Core 51 and Core 52, Section 1, Globotruncana
calcarata occurs; consequently, this interval is assigned
to the Globotruncana calcarata Zone (total range zone),
corresponding to the latest Campanian. Besides the
zonal marker, the planktonic-foraminifer assemblage
comprises G. plummerae, G. fornicata, G. elevata, Rug.
subpenneyi, G. subspinosa, G. bulloides, and Psg. cos-
tulata. 1t is within this interval that a second layer of
shallow-water debris occurs.

In the remaining part of Core 52, G. calcarata is ab-
sent; however, on the presence of G. subspinosa we at-
tribute this interval to the Globotruncana subspinosa
Zone of the late Campanian. Among the most impor-
tant forms, G. tricarinata, G. arca, G. bulloides, G. for-
nicata, and G. lapparenti, along with Heterohelix pul-
chra, H. globulosa, Psg. costulata, Pseudotextularia
elegans, and Globigerinelloides alvarezi, are recorded.
The samples containing non-size-sorted planktonic-for-
aminifer assemblages decrease downward, while levels
yielding only small forms (150-63 um) increase.
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In Cores 53 and 54, only two samples (Core 54, Sec-
tion 1, 39-45 cm; and Core 54, Section 3, 3-7 cm) still
contain large-sized globotruncanids in their residues; all
others are dominated primarily by small-sized hetero-
helicids and hedbergellids. On the occurrence of G.
arca, G. stuartiformis, G. elevata, G. fornicata, Glo-
bigerinelloides volutus, and Psg. costulata, the upper
and middle part of the Globotruncana elevata Zone is
recognized and assigned to the late Campanian. The oc-
currences of Globigerinelloides asper and heterohelicids
close to Ventilabrella, without Psg. costulata, in Core
55 suggest the lower part of the Globotruncana elevata
Zone, attributed to the early Campanian. Planktonic
foraminifers in Core 55 are mainly small-sized forms,
except for the few specimens of G. elevaia.

Below Core 55, planktonic foraminifers are recorded
only in two samples for Core 57 (Section 3, 53-55 cm
and 100-102 cm). The assemblages are poor and of
small sizes, and cannot be attributed to a definite zone.
Archaeoglobigerina bosquensis, Marginotruncana pseu-
dolinneiana, “‘G.”’ cachensis, Rugoglobigerina pilula,
R. spp. aff. R. bulbosa, Dicarinella sp., Hedbergella
flandrini, and Heterohelix reussi are recorded from San-
tonian or older levels. Lacking better markers, we attri-
bute this assemblage tentatively to the early Santonian.

There are no planktonic foraminifers recorded below
Core 57.

Smaller benthic foraminifers recovered from sedi-
ments of Hole 462 constitute two groups: (1) autoch-
thonous agglutinated species indicative of abyssal ben-
thic environments greater than 4000 meters, and (2) al-
lochthonous calcareous and agglutinated species from
neritic and bathyal environments. With the exception of
the Cretaceous brown zeolitic claystone just above the
basalt in Core 60, resedimentation and vertical sorting
exert a strong influence on the recovery and preserva-
tion of the biogenic components throughout the cored
sequence. This influence is seen in the sporadic distri-
bution and small size of the allochthonous benthic
species recovered from sediments in Core 5 to Core 57.

The autochthonous assemblage is characteristic of
the reddish-brown zeolitic claystone typical of Cores 56
to 60 and found between turbidites in the younger cores.
Species of Hyperammina, Haplophragmoides, Prae-
cystammina, Paratrochamminoides(?),Glomospira, and
Ammodiscus, among others, usually are associated with
fish debris and recrystallized radiolarians (Figs. 15-17).
Members of this assemblage, along with manganese-
coated cyclamminids occur in the reddish-brown clays
interbedded in the ‘‘pelagic’’ turbidites of the Miocene
through Eocene sediments of Cores 5 to 39. The deep-
water foraminifer assemblage is most characteristic of
benthic environments between 5000 to 6000 meters,
such as those previously reported from Mesozoic sedi-
ments in the western Pacific during Leg 20, and in the
Indian Ocean during Leg 27.

Allochthonous species first appear in Core 57, as
shown in Table 4. They reappear in Core 55 and are
found sporadically thereafter throughout the Creta-
ceous sequence to Core 46. The assemblages typically



consist of small, size-sorted, calcareous benthic species
of Praebulimina, Gavelinella, Gyroidinoides, Stilo-
stomella, Allomorphina, Ellipsonodosaria, and Pleuro-
stomella, which indicate bathyal source areas above
2500 meters. These assemblages are distinct from those
of neritic or reef environments that are restricted to the
coarse, graded turbiditic material of the Cretaceous and
Cenozoic cores, as shown in Figure 14. The alloch-
thonous bathyal assemblage continues into the Ceno-
zoic until Core 1, with species of Bulimina, Stilostom-
ella, Osangularia, Cibicidoides, Melonis, Laticarinina,
and Gyroidina, among others,

Coarse bioclastic debris of shallow-water origin and a
number of isolated specimens of larger foraminifers
were recovered at Site 462 from Cenozoic and Mesozoic
layers. They are among the major components of the
larger-size fraction of the volcaniclastic turbiditic sand-
stones. As the grain-size decreases, pieces of larger
foraminifers still are found, but mainly they are re-
placed by planktonic foraminifers (globotruncanids,
etc.).

As shown in Figure 14, the composition of shallow-
water material is not constant throughout the cored in-
terval. Instead, the age of the transported material be-
comes progressively older and roughly approximates the
age of the cored material.

The largest amount of shallow-water debris occurs in
Core 32, Section 1, 5-8 cm. The major biogenic compo-
nents of this layer are still the larger foraminifers,
among which nummulitids, discocyclinids, and miogyp-
sinids are the dominant forms. Species composition is
very similar to that mentioned for the upper layers.

A minor amount of shallow-water debris of limited
diversity is recorded in Core 34, tentatively attributed to
the latest Eocene. The faunal assemblages are con-
stituted by several Nummulites, poorly preserved Heter-
ostegina, Miogyspinoides ubaghsi, Polylepidina, and
Assilina leymeriei.

A large amount of larger foraminifers is recorded in
Core 48, Section 2, 78-81 c¢cm (middle Maestrichtian,
Globotruncana gansseri Zone), accompanied by frag-
ments of various mollusks. Foraminifers belong to the
Late Cretaceous genera Pseudorbitoides, Asterorbis,
Vaughanina, Sulcoperculina, and Lepidorbitoides. Their
range is Campanian to Maestrichtian, so that similar
ages for the shallow-water forms and the pelagic faunas
cannot be ruled out.

The rather rich shallow-water assemblages from Core
51, Section 3, 44-47 cm and Core 52, Section 1, 98-101
cm (latest Campanian, G. calcarata Zone) are less di-
verse than those of mid-Maestrichtian age and lack rep-
resentatives of Asterorbis and Lepidorbitoides. More-
over, they are dominated by relatively large specimens
of Vaughanina, whereas specimens of Pseudorbitoides
and Sulcoperculina are scarce. The age of these assem-
blages is not in conflict with that of the associated
planktonic foraminifers and calcareous nannofossils.

The Cenozoic sequence of Hole 462A was only spot
cored in an attempt to have better recovery than at Hole
462.
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The first core, Al, was cored at 80 meters sub-bot-
tom to cover the gap of Core 462-9. It yielded few to
common, moderately well preserved planktonic fora-
minifers belonging to the middle Miocene, possibly to
the top of Zone N13. The assemblages are commonly
size-sorted, with an enrichment of small forms like Glo-
bigerinita glutinata, Globigerina druryi, G. quinque-
loba, and Cassigerinella chipolensis. Species are few in
comparison with Core 462-10 which in part overlaps it.

Core A2 was recovered at 249.5 meters sub-bottom.
Core A2,CC contains common planktonic foraminifers,
among which the most important species are Turboro-
talia pseudoampliapertura, T. ampliapertura, Gq. baro-
emoenensis, G. nana, Chiloguembelina sp., Psh. nague-
wichiensis, Tenuitella munda, and T. gemma. They are
assigned to Zones P19 to P18, of early Oligocene age. It
is noteworthy that in the same sample abundant re-
worked Eocene through Cretaceous planktonic assem-
blages occur with large amounts of volcanic glass and
rock fragments, which are recorded at the same depth in
Hole 462 (Cores 27 and 28).

Washed Core HI1, covering more than 100 meters,
yielded very rare planktonic foraminifers in the resi-
dues, which are dominated by radiolarians and sponge
spicules, except for H1,CC, in which Subbotina angi-
poroides, Catapsydrax unicavus, Gq. tripartita, Cassi-
gerinella chipolensis, Chiloguembelina sp., and Tenu-
itella gemma were identified. A similar assemblage was
recorded in Cores 27 through 32 of Hole 462.

Washed Core H2 (373.0-401.5 m) and Cores A3, A4,
and AS contain chert and limestone, but few planktonic
foraminifers were detected, except for Core A5,CC, in
which, from the mixture of different lithologies, three
heavily recrystallized planktonics and rare deep-water
agglutinated foraminifers were found.

Core A6,CC recovered 7 cm of chert and limestone,
but no foraminifers were found.

Core A7 contains rare planktonic foraminifers that
give a middle Maestrichtian age. Preservation in the
cross-laminated zeolitic calcarenite is poor, and speci-
mens are recrystallized and fragmented. Species include
Globotruncana gansseri, G. arca, and Pseudoguem-
belina excolata, which characterize the Globotruncana
gansseri Zone.

In washed Core H3 (449-487 m), Sections 1 to 3 con-
tain an early Maestrichtian assemblage with species such
as Globotruncana aegyptiaca, G. gagnebini, G. calici-
JSormis, G. stuartiformis, and Globotruncanella havan-
ensis, among others. This interval is assigned to the Glo-
botruncana tricarinata Zone and correlated with Cores
49 and 50 of Hole 462.

Sample H3,CC belongs to the Globotruncana cal-
carata Zone, based on the presence of the zone marker
in addition to G. subspinosa, G. bulloides, G. arca, and
Globotruncanella havanensis. The base of washed Core
H3 thus correlates with Core 51 and Core 52, Section 1,
98-101 cm, of Hole 462.

The G. calcarata Zone extends into Core 8, Section 1,
35-40 cm, below which the marker species was not re-
covered. Planktonic foraminifers in Core 8, Sections 2
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and 3 are rare to few and poorly preserved. The meager
fauna, which contains Globotruncana arca, G. cal-
iciformis, G. stuartiformis, Pseudoguembelina costu-
lata, and Heterohelix pulchra, with others, is tentatively
placed in the late Campanian Globotruncana sub-
spinosa Zone,

Washed Core H4 (496.5-515.5 m) contains poorly
preserved planktonic foraminifers associated with re-
crystallized radiolarians, zeolite, and pyrite. The assem-
blage that includes Globotruncana stuartiformis, G.
arca, G. fornicata, Pseudoguembelina costulata, Het-
erohelix pulchra, H. punctulata, rugoglobigerinids, and
Globigerinelloides alvarezi is placed in the late Cam-
panian Globotruncana elevata Zone. Correlation is thus
made with Cores 53, 54, and portions of 55 at Hole 462.

Elements of the Globotruncana elevata Zone con-
tinue downward into the grayish-brown claystone of
Core 9; however, the fauna is much reduced, and pres-
ervation deteriorates. Recovered species include Globo-
truncana fornicata, Pseudoguembelina costulata, Het-
erohelix pulchra, and Hedbergella holmdelensis.

Below Core 9, planktonic foraminifers were not re-
covered, with the exception of displaced greenish clay-
stone at the top of basalt in Core 21. The moderately
well-preserved fauna contains common planktonic fora-
minifers and the only larger foraminifers from Hole
462A. The assemblage is assigned to the Globotruncana
calcarata Zone on the basis of G. calcarata, G. calicifor-
mis, G. fornicata, G. stuartiformis, and others. The
sample correlates in age and biogenic and lithologic
components with those of Cores 51 and 52 of Hole 462
and provides evidence of an important paleontological
horizon that was missed during the discontinuous coring
of the Late Cretaceous section in Hole 462A.

Two distinct assemblages representing autochthon-
ous abyssal foraminifers and allochthonous bathyal and
neritic species were recovered from Hole 462A. Abyssal
foraminifers made up the assemblages recovered from
Cores 10 to 13, Section 1, with the exception of an in-
flux of rare allochthonous calcareous species displaced
from bathyal environments in Core 12, Section 1.

Below this interval, from Core 13, Section 2, to Core
14, Section 1, above the first basalt sill, the samples are
barren of foraminifers, and biogenic material consists
of fish debris, recrystallized radiolarians and rare fi-
brous organic material in Core 14, Section 1, 29-32 cm.

Allochthonous calcareous benthic species appear in
Core 9, Section 5, and continue in increasing abundance
up to Core 1, whereas abyssal species become sporadic
and were not recovered in Cores 1 or 2. This is closely
similar in age and faunal content to assemblages from
Hole 462. For example, the appearance of consistently
occurring allochthonous benthic species within Core 9
of Hole 462A correlates with a similar pattern in Core
55 of Hole 462. Further, the first influx of calcareous
benthics forms in Core 12 of Hole 462A is close to a
similar occurrence in Core 57 of Hole 462.
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Deep-water agglutinated foraminifers again appear
in the dark-gray volcaniclastic claystone, siltstone, and
sandstone interbedded with basalt in Cores 40, 42, 43,
and 46. Assemblages consist of poorly preserved, rare
specimens of largely primitive species associated with
radiolarians, fish debris, sponge spicules, and carbon-
ized plant material. Abyssal water depths analogous to
those earlier alluded to are suggested by these associated
biogenic components, as is their similarity to those in
younger sediments in Hole 462A, especially in regard to
their co-occurrence in the autochthonous, thin, red-
brown claystone units. Poorly preserved radiolarians
are more common in the interbedded sediments and
were recovered from Cores 40 through 44 and 46; fish
debris occurs in Cores 42 and 44. Material was noticed
in carbonized-plant sediments from Cores 40, 42, and
46. A thin (1 cm) bed of red-brown claystone in Core 80,
Section 1, 15.8-16.5 cm, contains an autochthonous as-
semblage with rare deep-water agglutinated foramini-
fers associated with radiolarians and fish debris.

Radiolarians

Radiolarians are present throughout the cores of
Hole 462, although their state of preservation is vari-
able, so that they are sometimes useless for biostrati-
graphic identification.

From Cores 1 to 22, the abundance of radiolarians
shown in Figure 17 compares only irregularly to that of
the other biogenic components. Only three absences of
radiolarians were recorded in Cores 16, 20, and 22.

From Cores 23 to 40, radiolarians are usually the
most abundant biogenic component, and their preserva-
tion is almost always good.

From Cores 41 to 60, the abundance of radiolarians
varies considerably, but generally they are less abundant
than above (Figs. 15-17). Moreover, their state of pres-
ervation is poor at best, in most cases so poor that only
general outlines are seen. Commonly they are calcified,
the test being filled with and/or replaced by calcite and
zeolite,

Only some general remarks on the Cenozoic radio-
larian assemblages are made here. The radiolarians
from Hole 462 and the ages are given in Figure 14 with
the core and biostratigraphic-age determinations.

In Cores 1 to 8, even though radiolarians were abun-
dant (except in Core 1), it has not been possible so far to
give a more-precise age than upper Miocene to Quater-
nary.

The radiolarian assemblages in several samples (e.g.,
those of the core catchers of Cores 11, 12, 25, and 36)
show two states of preservation (recorded as ‘‘good’’ or
“‘moderate’’; Figs. 15-17) which correspond to the re-
working processes.

No identifiable radiolarians were recorded in the
lowermost Cenozoic.

Identification of radiolarians from the Cretaceous in-
terval is nearly impossible, because the tests are replaced



by zeolite and calcite in large crystals that distort the
specimens. Moreover, the general outlines are some-
times hardly recognizable.

However, Core 51 provided somewhat better-pre-
served specimens (pseudoaulophacids, Dictyomitra tor-
quata, D. duodecimcostata) that give a Late Cretaceous
(Campanian) age.

Radiolarians are abundant and well preserved in the
Neogene cores of Hole 462A (Cores 1 and 2). They are
absent in the Paleogene (Cores 3 to 6), and rare to com-
mon but always poorly preserved in the Mesozoic
sediments (Cores 7 to 46).

In Core 1, the radiolarians are from the Dorcado-
spyris alata Zone through the Cannartus petterssoni
Zone. In Core 2, the age is difficult to determine with
confidence on the basis of information given by Sample
2,CC, in which numerous Eocene radiolarians (Cyclad-
ophora turris, Podocyrtis chalara, Theocampe mongol-
fieri, Lithocyclia aristotelis group, Thyrsocyrtis triacan-
tha) belonging to different zones are mixed with some
Oligocene radiolarians (Lychnocanium bipes, Dorcado-
spyris forcipata). The possibility of contamination can-
not be excluded.

In some of the Mesozoic cores, because of the poor
preservation of the radiolarians (replaced by calcite and
zeolite) and their distortion, only a few vague, high-level
taxa can be identified. However, in Cores 43 and 46
some identifications were attempted. In both cores, the
radiolarian zone could be the Eucyrtis tenuis Zone, but
it seems more likely that in Core 43 it is the top of the
zone, and that Core 46 is somewhat older. Radiolarians
from the E. tenuis Zone again appear in the red-brown
claystone of Core 80, Section 1, 15.8-16.5 cm. Rare,
poorly preserved (hence undated) radiolarians were also
recovered from Core 79.

SEDIMENTATION RATES

Average sedimentation rates for Hole 462 vary from
a high of about 2 cm/10%r in the Late Cretaceous, late
Oligocene, and middle Miocene turbidites to a low of
less than 0.2 cm/10%r in the early Late Cretaceous red
clays. The rates are shown in Figure 19. The time scales
used are those by Berggren and Van Couvering (1974)
for the Neogene, Hardenbol and Berggren (1978) for the
Paleogene, and van Hinte (1976) for the Cretaceous.
Unconformities are found in the latest Cretaceous, late
Paleocene, Eocene, and Miocene. Additional, smaller
unconformities may be present, but biostratigraphic
resolution does not allow their definite characterization.

IGNEOUS PETROLOGY

The igneous rocks will be discussed in four parts:
Part A, by R. Batiza, which discusses Hole 462 and
Hole 462A to Core 74, with his interpretations; Part B,
by S. Shcheka, which discusses Hole 462 and Hole 462A
down to Core 74, with his interpretation; Part C, by H.
Tokuyama, which discusses Hole 462 and Hole 462A
down to Core 74, with his interpretations; Part D, by K.
Seifert, T. Vallier, and K. Windom, which discusses all
igneous data on Cores 75 to 92 of Hole 462A.

SITE 462

All parts are based on data which were collected
jointly.

Part A (by R. Batiza)

Introduction

About 33.7 meters of basaltic rock was recovered
from Hole 462, and about 450 meters from Hole 462A.
Details of the petrology, mineralogy, alteration history,
chemical composition, and petrogenesis are discussed
elsewhere in this volume. The purpose of this section is
to discuss briefly the stratigraphy, mineralogy, and
megascopic character of these basaltic rocks.

Rock Fragments Recovered in Core 21

Several cores of Tertiary sediments contain volcanic
detritus. Core 21 (late Oligocene) contains especially
abundant and large fragments of igneous rock together
with large reef foraminifers.

Thin-section observations of about 20 rock frag-
ments separated from Section 1 of Core 21 revealed the
following:

1) Mineral fragments. Fragments of olivine, lavender
colored (high-Ti) augite, and colorless augite were iden-
tified. Some of these fragments have tiny amounts of
volcanic glass and/or crystalline volcanic materials
adhering to their surfaces.

2) Rock fragments. A wide variety of rock fragments
are contained in this sediment. The most common are
fragments of pumice composed of pale-brown glass
with abundant stretched or spherical vesicles. Next most
abundant are fragments of highly altered hyalopilitic
and intersertal-textured basalt. The most interesting
fragments observed, however, are holocrystalline rock
fragments which contain, among other things, am-
phibole and potassium feldspar. These are almost cer-
tainly some type of alkalic differentiated rock. We can
tentatively conclude from these observations that the
source of these fragments was petrologically diverse.
The pumice fragments are probably calc-alkaline and
may have had a source different from that of the other
fragments. Both sub-alkaline and alkaline rocks in the
source area of the non-pumice fragments may be in-
ferred on the basis of the types of augite found; on the
other hand, each kind of rock or mineral fragment may
have had a distinct source.

Sill-Complex Igneous Units

Logging of Hole 462 revealed the presence of five
major igneous units separated by sedimentary units of
variable thickness. Figure 20 shows that the uppermost
igneous unit has been divided into five smaller igneous
units, and that the third (counting downward) unit has
been divided into three smaller units. Several criteria
were employed either singly or in combination as bases
for these subdivisions:

1) Megascopically observed grain-size fining or
coarsening trends in the cores.

2) Significant mineralogic variations based on thin-
section observation. This may be a difference in the
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Figure 19. Sedimentation rates for Holes 462 and 462A.

number and kinds of phases present, or a difference in
the relative proportions of phases.

3) Chemical differences between rocks with similar
textures.

4) The presence of chilled margins.

5) The presence of fine-grained border zones.

6) The presence of in situ sedimentary horizons.

7) Sediment horizons inferred from logs.

Table 8 is a brief summary of the criteria used to
distinguish each contact.

Summary of Petrography

The rocks of Units 1 through 10 are either aphyric
or sparsely phyric. They usually have a few phenocrysts
of clear to light-brown augite 2V ~ 50-60°), zoned by-
townite to labradorite, and occasionally olivine pseudo-
morphs (usually green smectite after olivine). Augite is
also often replaced by smectite, so that positive identifi-
cation of olivine pseudomorphs is difficult. The textures
of the rocks vary from variolitic to diabasic, all inter-
mediate textures being represented. These textural dif-
ferences are, of course, related to differences of cooling
rate and degree of supercooling and are related to posi-
tion within the cooling units. In the finer-grained rocks,
the phenocrysts are set in an altered matrix of glass,
quench- or granular-textured augite, skeletal plagioclase
laths, microlites and crystallites, and titanomagnetite.
Some of the diabases have interstitial patches of brown
or green smectite which resemble diktytaxitic cavities.
These may be either clay-filled cavities or replaced
glassy patches.

The upper portions of Unit 2 are petrographically in-
distinguishable from Units 1 to 10. However, beginning
at the top of Core 65, patches of distinctive granophyre-
facies mineralogy appear. These patches increase in
abundance downward, but in a very irregular manner.
Some deep horizons, for example, are relatively fine-
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grained and have no granophyric patches. These patches
usually consist of intergrown quartz and feldspar micro-
pegmatite. Many patches include a colorless acicular
prismatic phase which is probably apatite. In addition
to these patches, many of the rocks of Unit 2 contain
subhedral quartz crystals as a separate phase, and also
amphibole. The amphibole is brown with green rims,
and has the following optical properties: Brown por-
tions: 2V, = 50-60°, 6 = 0.020 £+ 0.005, Z = 0-23°,
absorption > 8 > «, dispersion r > ». Crystals are pleo-
chroic, equant euhedral to anhedral; « = straw yellow
to colorless, 8 = light brown and ¥y = medium honey
brown. The green amphibole differs from the brown
amphibole only in color and crystal form. Color is: «
straw yellow to green, § = pale yellow-green to apple
green,y deep emerald green, and the crystals are
often fibrous. All transitions between fibrous green and
more-equant brown amphibole are observed, and green
commonly rims brown amphibole. In addition, rims of
chlorite needles oriented normal to amphibole crystal
faces are commonly observed around green amphibole.
These observations suggest that green amphibole is
either a reaction product of brown amphibole, or that
the color and form difference is the result of continu-
ously varying physical and chemical properties in the
rocks during the period of amphibole (and perhaps
chlorite) growth. The optical properties of the amphi-
bole suggest that it is a hornblende; it is observed as
matted, fibrous patches in the rock, and as replacement
and reaction rims of clinopyroxene.

In addition to these granophyric patches, Unit 2 also
differs from the other rocks in the abundance of opaque
phenocrysts. Tables 9 and 10 show that there are no
systematic mineralogic changes through the unit, al-
though the lowest portions of Unit 2 in Hole 462 have
veins with euhedral magnetite and chalcopyrite. Rhyth-
mic lavering is not observed on any scale.
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Table 8. Igneous units,

Criteria in Which
No Difference

Criteria Used Was Observed
Contact (see text) (see text) Remarks

Unit 1/Unit2 I, 5 2,3,4,6,7, Bottom margin of Unit 1
not observed

Unit 2/Unit 3 1,5 2,3,4,6,7 Bottom margin of Unit 2
not observed

Unit 3/Unit4 1,2, 5§ 3,4,6,7 Unit 3 is fine-grained
throughout; contact is
sharp

Unit 4/Unit § 1 2,3,4,5,6,7 Contact is sharp

Unit 5/Unit6 1,5, 7 2,3, 4,6

Unit 6/Unit 7 1,5,6,7 2,3,4

Unit 7/Unit 8 135 2,4,6,7 Bottom marginal zone of

Unit 7 not observed
Bottom margin zone of
Unit 8 not observed

Unit 8/Unit 9 1,5

Unit 9/Unit 10 1,
Unit 10/Unit 11 1

Mode of Intrusion

There can be little doubt that the igneous units
penetrated by Hole 462 are sills. Where chilled margins
were recovered, they are sub-horizontal. When recovery
permits (as in Unit 10), orderly and symmetrically de-
creasing grain-size variations are observed approaching
the margins. These observations, together with the total
lack of characteristic pillow-lava features, gives strong
support to this conclusion. However, the presence of
volcaniclastic-sediment interlayers between sills may
indicate that the sill-producing magmatic episode was
associated with contemporaneous extrusive activity
nearby. The importance of multiple igneous intrusion
versus intrusion into sediments or along sediment/sedi-

ment or sediment/sill bedding planes is more difficult to
establish. This is primarily because of poor recovery in
crucial intervals, mainly in Cores 60, 61, and 62. The
observed grain-size variations in the recovered rocks are
consistent with sequential multiple or composite intru-
sion of Units 2 and 3 into a unit consisting (prior to in-
trusion) of Units 1 and 4. Similarly, Unit 8 could have
been multiply intruded into an igneous unit consisting
of Units 7 and 9. Alternatively, Unit 9 could have been
intruded into the Unit 7 sediment or Unit 8 sediment
bedding plane.

Major-Element Chemistry

Batiza et al., (this volume) gives the results of ship-
board chemical analyses using X-ray-fluorescence (XRF)
methods. Loss on ignition was determined gravimet-
rically. These data permit a few generalizations:

1) Whole-rock chemistry appears to be a function of
grain size. Rocks with variolitic or hyalopilitic textures
have higher MgO, Al,0;, and K,0; lower TiO,, FeO*,
MnO, and CaO contents; and lower FeO*/MgO, CaO/
Al,0;, and TiO,/FeO* ratios than holocrystalline rocks.
This is probably because of a combination of two fac-
tors: (a) replacement of glass by smectite and chlorite,
and (b) a coincidentally greater degree of fractionation
in the holocrystalline rocks (Fig. 20). The composition
of the smectite will be important in evaluating the
relative importance of each of these or other factors.

2) The holocrystalline rocks are mineralogically and
chemically very similar to mid-ocean-ridge tholeiite, but
they are moderately to badly altered. Alteration has
produced slight changes in the whole-rock major-ele-
ment chemistry.

Table 9. Petrographic characteristics of igneous rocks, Hole 462.

Thickness No. of Thin

Total % of

Unit (m) Sections Types of Phenocrysts®  Phenocrysts  Alteration® Textures®
1 1 3 1,2, An7g.65 2-10 1,2,3,56 V,HI
21 2 1, 2, Angg 4 1,2,3,56 HE
3 2.5 6 1, 3, Angg-7 2-10 2,3,4,56 V,H
4 0.14 1 1, 2, Angs 3 2,3, 4 1
5 1 0 Aphyric - -_ E
6 47 2 1,3, An70-60 1 3,4,7 D
7 1.3 1 2, Angg-50 1 3,4 D
8 062 1 1,2, An7g 1 2,3,4 v
9 1.2 0 — — 2,3,7 LE,D
10 6 6 1, Any 0-4 2,3,4 V.H,LED
11 25 (minimum) 21 1, 4, Angp. 27 0-5 2,3,4,7 D
2 Phenocrysts: 1 = augite; 2 = possible olivine pseud phs; 3 = olivine pseudomorphs with spinel inclu-

sions, 4 = titanomagnetite,

b Alteration: 1 = caleite; 2 = chlorite; 3 = green clay; 4 = brown clay; § = zeolite; 6 = iron and manganese

oxides and hydroxides; 7 = pyrite.

€ Textures: ¥V = variolitic; H = hyalopilitic; I = intersertal; E = equigranular; D = diabasic.

Table 10. Modal analyses, Hole 462.

Titano- Green and/or Total No.

Sample Unit Plagioclase Augite magnetite Chlorite Brown Clay Amphibole Quartz of Points
462-61-2, 53-56 cm 6 37 34 8 12 7 - - 580
63-3, 119-122 cm 10 34 17 9 39 Tr — — 584
64-3, 79-81 cm 11 41 11 7 40 Tr — - 500
65-2, 27-30 cm 11 42 28 6 5 5 12 1 695
66-4, 12-14 cm 11 35 27 9 30 Tr — - 589
68-2, 37-39 cm 11 41 29 8 1 Tr 17 3 538
68-2, 49-51 cm 11 34 28 6 Tr Tr 28 4 465
69-1, 36-38 cm 11 42 16 8 7 Tr 16 11 471
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Within the set of holocrystalline rocks, the following
elemental trends are observed: P,0s, SiO,, MnO, and
CaO remain about constant; Al,O, decreases; and TiO,
increases with higher FeO*/MgO ratio. FeO* and TiO,
co-vary, but the variation trend is slightly different than
that observed in typical oceanic-crust volcanic suites. It
is possible that such a trend results from a combination
of fractionation and alteration. Crude stratigraphic-
chemical variation is observed in Hole 462, but is prob-
ably due simply to the fact that Unit 11 shows the widest
compositional variation.

Alteration

Veining and alteration are moderate to heavy in all
the rocks of Hole 462. Veins are monomineralic and
polymineralic and contain:(1) green smectite; (2) brown
smectite; (3) mixed smectite and chlorite (celadonite);
(4) mixed smectite and Mn/Fe oxides and hydroxides;
(5) mixed smectite and calcite; (6) mixed smectite,
calcite, pyrite, zeolite; and many other assemblages.
The relative replacement/emplacement sequences of
these minerals based on textural relationships are highly
variable, and in some cases at least two generations of a
given phase are clearly visible. The following secondary
minerals have been identified optically in the rocks of
Hole 462:

Calcite
Mn/Fe hydroxides and oxides

Brown smectite (Al, Mg-rich)
Green smectite (Fe-rich)

Red smectite (very Fe-rich) Pyrite

Yellow smectite (Fe-rich) Chalcopyrite

Chlorite Magnetite

Disordered hydromica (?) Amphibole (two kinds)
Chalcedony Zeolites (at least two
Quartz or three kinds)

At least two major types of post-solidification altera-
tion probably have affected the rocks: (1) sea-water
alteration, which resulted in precipitation of smectites,
calcite, zeolite, sulfides, SiO,, and Mn/Fe hydroxides,
and (2) late-magmatic or deuteric processes which have
resulted in the production of micropegmatite, am-
phibole, and possibly chlorite, quartz, and Fe-oxide
mineralization.

Hole 462A

Figure 21 shows the stratigraphy and mineralogy of
the basaltic rocks from Hole 462A

Physical Characteristics and Mode of Emplacement
of the Igneous Units

The igneous section drilled in Hole 462A has been
subdivided into units (Fig. 22). These units were distin-
guished on the basis of differences in any one or a com-
bination of physical, textural, or lithologic attributes, as
were those of Hole 462. The units of Figure 22 contain
one or more of five kinds of igneous units: (1) single
basalt sills, (2) compound or multiple basalt sills, (3)
basalt flows or groups of flows, (4) hyaloclastite/hyalo-
clastite breccia, and (5) possibly a pillow lava unit. The

SITE 462

criteria which have been used to distinguish each of
these igneous units are discussed in turn below.

Single sills have been recognized by the same char-
acteristics as were used for the rocks of Hole 462: (1)
glassy margins or fine-grained marginal zones with sub-
horizontal attitude, and (2) orderly coarsening-inward
grain-size variations, coarse-grained interiors, and dia-
basic texture. Units 6, 12, 13, 21, and 25 (Fig. 22) are
some examples of single basalt sills. Their thickness
ranges from a few tens of centimeters to over 50 meters.
In some cores, baked sediment and glass contacts were
recovered, but in most (as with Hole 462) the glassy sill
margins were not recovered. In the latter case, however,
narrow, fine-grained marginal zones were recognized.
The sill units exhibit a narrow range of mineralogical
and chemical variations, and the thicker ones (>5-10
m) invariably contain patchy granophyric intergrowths.

Multiple sills are more difficult to distinguish with
certainty. In some cases (e.g., Units 33 and 34) where
fine-grained to glassy apophyses are present, multiple
intrusion, at least on a small scale, can be demonstrated.
On larger scales, multiple intrusion has been inferred
from the alternation of fine-grained and coarser-grained
units (as in Units 31 and 33) which lack glassy margins
in drill cores where recovery was very high. In such
cores, abrupt changes in grain size near horizontal or
near-horizontal contacts are observed. These observa-
tions support the interpretation that these units repre-
sent multiply intruded sills, although we recognize that
such features also may be developed within single ex-
trusive bodies.

At least two types of multiple intrusions can be
recognized in the rocks of Hole 462A. The first type oc-
curs in the upper portions of the section (e.g., Units 1-5)
and is characterized by subtle grain-size variations, but
distinct mineralogic differences between the individual
units. This type of multiple intrusion may represent the
sequential emplacement of one magma batch in a series
of several smaller batches, each of which has undergone
a different degree of fractionation (perhaps flow dif-
ferentiation).

The second type of multiple intrusion occurs in the
lower portions of the igneous section. This type is
characterized by greater differences in grain-size and an
absence of mineralogical differences among the various
grain-size domains. Units of this type are associated
with units of obvious extrusive character and may in
fact be portions of thick flows. In this case, the grain-
size variations could be due to turbulent flow during
cooling, heterogeneous distribution of volatile com-
ponents, complex isotherm distributions, or other fac-
tors.

Flows have the following characteristics: (1) variable
but small thickness (0.3-2.0 m) of units; (2) thick (up to
4 c¢m) glassy margins on upper and lower contacts; (3)
fine grain size throughout, but a patchy appearance
which results from mixed textures; (4) variable attitude
of glassy margins (dips of glassy margins range from
horizontal to vertical; contorted shapes, often with
reentrant surfaces are common); (5) ubiquitous cooling
cracks normal to glassy surfaces, and numerous cracks
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Figure 21. Stratigraphy and mineralogy of basaltic rocks, Holes 462
and 462A.

in the interior, crystalline portions of units (these in-
terior cracks do not display preferred orientation); (6)
inclusions and thin apophyses of fine-grained material
in coarser-grained basalt, suggesting turbulent flow
and mixing within cooling units.

These characteristics strongly suggest that these units
(e.g., Units 23, 26, and 29) are either extrusive or were
intruded into very soft, water-rich sediment, but the
almost total lack of sediment inclusions or infolded
sediment pockets suggests that these units were likely ex-
truded directly onto the sea floor. However, these units
have none of the characteristics of pillow lava. They
lack (1) radial cooling fractures, (2) concentric struc-
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Figure 21. (Continued).

tures, (3) regular, curved surfaces, (4) interior hollows
or vugs, and (5) inter-pillow matrix material.

The mode of extrusion of these flows could be either
(1) slabby pahoehoe type, or (2) a series of shingled,
lobate, and narrow advancing flow fronts similar to
pillow lava, but extruded more rapidly. The formation
of pillow forms in this case might be inhibited by rapid
extrusion rate, as at fast-spreading ridge crests. Hollows
apparently have formed between flows or lobes of single
flows in the Hole 462A rocks. These vugs are now filled
with aggregates of euhedral, inward-pointing phillipsite
crystals.

Hyaloclastite and hyaloclastite breccia units are
abundant in the upper part of Hole 462A, but are rare in
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Lithology of Hole 462A

Varicolored claystone and black chert.

Massive diabase sill with fine-grained border
zones. Veins of calcaite—chlorite—clay—
zeolite are abundant at top and become
enriched with pyrite near bottom. Clinopy-
roxeng/plagioclase = 1.3 (200 points).

Massive gray diabase sill with clinopy /
plagioclase = 1.85.

Massive diabase sill with clinopyroxene/
plagioclase ranging from 1.24 at top to 0.60
at bottom. Variation correlated with increas-
ing glass content downward. Veins of chal-
cedony, quartz, pyrite, clay, and zeolite
concentrated near base,

Massive gray diabase sill with clinopyroxene/
plagioclase = 1.89. Interstitial glassy to hy-
alopilitic patches In the medium- to coarse-
grained disbase are visible in thin-section.

Series of thin sills with glassy margins.
Baked red sediment is found at the tops of
Units 7 and B. Unit 9 has interstitial glassy
patches similar to those of Unit 4.

Laminated volcaniclastic sandstone.

Massive diabase sill with sparse granopyric
aggregates visible in thin-section, A few in-
terstitial glassy patches are also present.

Volcaniclastic il to clay  Thin
sill with granopyric patches and calcite—
chlorite—pyrite—clay veins.

<
-
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Fine-grained marginal zone.
Area of heavy veining.

Thick, massive diabase sill.

10% interstitial-glass patches.

Veins absent

7-10% interstitial-glass patches.

Figure 22. Summary of core data and igneous-rock units.
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Figure 22. (Continued).
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Quartz and clay vains.

631.5-634.6 m: Zone of very abundant in-
terstitial-glass and absence of granopyre
facies.

Very abundant pyrite—clay veins.

Pronounced fracture pattern at 20-30° from
horizontal. Fractures less common, but more
pronounced (when present) downward.

Altered glassy margin.

Zeolitic volcaniclastic siltstone.

Zeolitic volcaniclastic siltstone.

Series of thin sills, some with chilled glassy
margins. Unit 14 is questionable. Units are
all gray, fine- to medium-grained basalt
and diabase with veins of pyrite—calcite—
clay,
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Figure 22. (Continued).

Sediment horizon inferred from drilling
rate.

Thin diabase sill.

Sediment layer inferred from drilling rate.

Thin sill with glassy margins.

Laminated claystone containing pyritized
plant remains,

Massive diabase sill with calcite—chlorite—
pyrite—clay veins,

Dark-green claystone, cross- and horizon-
tally-laminated claystone.

Voleaniclastic sandstone and siltstone with
grading and softsediment deformation.

Topmost portion of unit consists of very
thin units of fine-grained basalt with sub-
horizontal to subvertical glassy margins.
These units lack characteristic features of
pillow lava, but probably represent extru-
sions. Lower portion of this unit consists
of alternating fine- and medium-grained
basalt without glassy margins, which may be
a series of multiple intrusions. Zeolite is
very abundant in glassy areas,

Chiorite—pyrite veins,

Massive series of extrusive units (at least 19
individual units ranging from 2-30 m)
Zeolites (phillipsite), pyrite, and clay are
common as veins and pods, often associated
with glassy portions.
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Figure 22. (Continued).

Medium-dark-gray, massive diabase sill with
chilled margins, coarse-grained interior, and
granophyric patches.,

Diabase sill with pyrite—clay—zeolite veins.

Identical to Unit 23 in all its characteristics.
This unit consists of at least 17 individual
units,
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Alternating fine- and medium-grained units
which lack glassy margins. Possibly multiple
intrusions.

Massive diabase sill.

This series of extrusives consists of at least
16 individual units ranging in thickness
from 1-0.3 m. Alteration is similar to that
of previous units of this type.

Chlorite—Pyrite—Zeolite veins

Flows of slightly greater thickness than
those of previous units, together with
alternating units of fine- and medium-grain
size. These could be either multiply intruded
sills or portions of thick flows.

Alternating fine- and coarse-grained units
without glassy margins. May be multiply
intruded upper border zone of thick sill
below.

Thick dolerite sill with granophyric facies
in central portion. Veins are of chalcedony—
pyrite—chlorite—clay—calcaite, and also a
white, flaky phylosilicate.
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Figure 22, (Continued).
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Alternating fine- and medium-grained basalt
units. May be lower border facies of Unit 32,

Thin flows of basalt, grading downward
into thicker flows with minor amounts of
intercalated hyaloclastite and hyaloclastite
breccia. Veins of chalcedony, calcite, pyrite,
and green clay.

Massive medium-grained diabase, very slight-
ly altered. Subophitic texture.

Fine-grained diabase with some alteration
and a subophitic texture.
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T Massive medium-grained diabase that is
slightly altered. Subophitic texture.

\ UNIT 38 Massive, medium-grained diabase with slight
R alteration, Intersertal texture.

Sediments

Massive, fine-grained diabase with very slight
alteration. Intergranular texture.

-~ , \ Massive medium-grained diabase with slight
alteration.

Fine-grained diabase with intersertal texture.
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Figure 22. (Continued).
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Figure 22. (Continued).

the lower portions. These units will be described else-
where (Moberly and Jenkyns, this volume). These units
are important because they contain deep-water benthic-
foraminifer tests (Sliter, this volume), among other
things. In addition, the presence of hyaloclastites sup-
ports the suggestion that at least part of the major
Nauru Basin volcanic episode was extrusive.

A single occurrence of possible pillow lava is found at
the base of Core 71 (Unit 34). These possible pillows
have radial cracks, concentric and curved internal struc-
tures, and interior clay-filled vugs, and their grain size
increases inward from the margins. They lack glassy
margins and have instead altered basalt margins of
micro-intrusion breccia. One pillow is about 20 cm
across, and the other about 8; they do not have all of the
characteristics of typical pillows, but they may neverthe-
less be genuine pillows, and in this they are unique
among the rocks recovered from Hole 462A.

Summary of Petrographic Data

The igneous rocks of Hole 462A are petrographically
very similar to those of 462, and will not be discussed in
detail, but a few features which are found only in Hole



462A will be discussed briefly. The granophyre facies in
the thick sills of Hole 462A is not confined to the thick
sills in which the granophyre fluid was presumably
produced, as was the case in Hole 462. Instead, this low-
viscosity, SiO,-rich fluid apparently permeated neigh-
boring units. This evidenced by the occurrence of quartz
and quartz-feldspar-apatite intergrowths in thin sills
adjacent to the thick, granophyre-producing sills (e.g.,
Unit 12, Figure 22). The mineralogy of the sills of Hole
462A is almost identical to that of the Hole 462 sills, but
some textural variations are observed. For example,
coarser-grained rocks containing interstitial, polygonal
patches of glassy to variolitic rock are more common in
the Hole 462A sills. These patches are probably the
result of decompression freezing in the latter stages of
the sill’s solidification.

Glassy rocks are much more common in Hole 462A
than in Hole 462. They display typical vitrophyric to
variolitic textures. In some cases, fresh relict olivine
phenocrysts are preserved within fresh glass. These
glassy rocks are most common and abundant in the ex-
trusive units, which also display a great variety of un-
usual fine-grained textures. Of particular interest is
spinifex-like quench texture developed in groundmass
clinopyroxene, which is common in rocks of Units 22
and 23 (Batiza et al., this volume).

A few generalizations about the mineralogy of Hole
462A rocks can be made:

1) The basalts are all aphyric or sparsely phyric.

2) Several phenocryst assemblages are observed: (a)
olivine (with spinel inclusions) + bytownite; (b) olivine
+ clinopyroxene + labradorite or bytownite; (c) clino-
pyroxene + labradorite.

3) These assemblages are distributed more or less
systematically through the section and are to some ex-
tent reflected in the chemical compositions of the
basalts.

Figure 21 shows that, on simple inspection, units of
petrographic group (b) appear symmetrically disposed
about a group of units of type (a) between about 710
and 790 meters sub-bottom.

Correlation between Holes 462A and 462

Figure 21 shows that some correlations can be made
between Holes 462 and 462A. There is little doubt, for
example, that the Unit 11 of Hole 462 (Fig. 20) is the
same thick sill encountered in the upper part of Hole
462A (Unit 12). In addition, some of the sediment
horizons encountered at similar sub-bottom depths in
both holes may be continuous between the holes. It is
clear, however, that most of the thin sills of Hole 462 do
not extend laterally to Hole 462A. Many of the thinner
sediment horizons also appear to pinch out.

This pattern suggests significant three-dimensional
lithologic heterogeneity on a scale of less than 500
meters (the distance between the holes). However, since
the chemical compositions of the uppermost basalts in
each hole are very similar, it is probable that they are
closely related temporally. They even may have been fed
by the same major conduit,

SITE 462

Part B (by S. Shcheka)

Rock Fragments Recovered in Cores 462-4 to 462-21
and Their Petrologic Significance

Thin-sections and smear-slide observations of about
50 rock and mineral fragments taken from these cores
revealed the following:

1) Scoriaceous, glassy, alkaline basalts with perfectly
shaped crystals of olivine and titanaugite. In all frag-
ments, the pale-brown glass is very fresh, and no altera-
tion was observed. Small (0.1-0.5 mm) inclusions of ti-
tanaugite dolerite in the glass probably belong to the
early subvolcanic phase of a single volcano.

2) K-feldspar (probably anorthoclase) dolerites with
titanaugite, kaersutite, magnetite, and needles of apa-
tite—and a mineral, replaced by calcite, which was
probably nepheline.

3) Magnetite-plagioclase-kaersutite-titanaugite do-
lerites. Coarse Ti-augite phenocrysts are strongly zoned
and colored (pinkish-brown) in contact with the ground-
mass.

4) Plagioclase glassy basalts. The glass is fresh, the
clinopyroxene is homogeneous, and the plagioclase
laths show flow alignment.

5) Coarse (>1 mm) fragments of colorless crystals
of olivine (2V, = 80°), orthopyroxene (2V, = 80°),
and pale-grass-green diopside (2V, = 60°). The diop-
side looks like chrome diopside. Fine inclusions (0.1
mm) of translucent spinel octahedrons are commonly
observed in the olivine. Being included in glass, these
crystals show distinct optical zonation and alteration
rims, i.e., they were unstable in the original basalt melt.
All five features are characteristic of phases which be-
long to lherzolite inclusions in alkaline basalt. The large
size and high magnesium content (according to optical
properties) of these crystals are not features charac-
teristic of basalt phenocrysts.

These results show that the petrologic assemblage of
fragments could belong to a stage of edifice-building in
which alkaline eruptions alternate with tholeiite erup-
tions (Hawaiian type). Absence of the slightest signs of
metamorphism and weathering in minerals, especially in
glass, and the sharp-edged debris are evidence for the
formation of such an edifice near Site 462. The vesicu-
lar, trachytic textures of the rocks—in addition to the
subvolcanic facies in glassy lavas, combined with the
features listed above—are in clear agreement with sub-
aerial explosive eruptions. Consistency of debris com-
position and texture, along with a considerable age in-
terval (Oligocene-Pleistocene) allow us to suppose that
a long-standing volcano of Hawaiian type is near Site
462 (probably on the west side of the Marshall Islands,
because of its proximity). Alkali-basalt volcanoes with
deep-seated inclusions are commonly located on conti-
nental crust—rarely on oceanic islands of the Hawaiian
type—but are unknown in oceanic rift zones. These oc-
currences are correlated with the nature and thickness of
the crust in these regions and suggest the possible ex-
istence of thick crustal blocks in the Nauru Basin. This
correlation is linked to the wider problem of the origin
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of oceanic alkali-basalt magma, which has an important
bearing on the reconstruction of oceanic-crust evolution
and deserves to be investigated on future DSDP legs.

Chemical Results, Holes 462 and 462A

METHODS

More than 100 samples of volcanic rock from Holes 462 and 462A
have been analyzed aboard ship using (XRF) techniques. The Siemens
(FRG) XRF spectrometer allowed determination of nine elements: Si,
Ti, Al, Fe, Mn, Mg, Ca, P, and K. We will confine this discussion to a
brief decription of sample-preparation procedure.

First, all samples are rinsed in distilled water and dried at 110°C
for about 10 minutes to remove sea-water impurities. Next, the dried
sample is crushed in a piston-cylinder *‘Abish’’-type mortar, using a
20,000 Ib/in.? hydraulic press, then ground in an agate mortar for 5 to
10 minutes. A quantity of this powder is then heated for at least 6
hours at 110°C to remove non-structural water. Unfortunately, this
heating step also partly disturbs the crystal structures of low-temper-
ature minerals such as clays, zeolite, and chlorite. About 700 mg of
dried powder are then calcinated at 1050°C for determination of
weight loss on ignition (LOI).

An aliquot of calcinated powder is then fused in a Rh-Au-Pt
crucible (OPR-3) with Li;,B4O; + La,O; flux (3.4 and 0.6 g, respec-
tively for 2 hours. The glass discs which are thus produced are used for
the analyses. Element values are calculated by comparing sample-in-
tensity ratios to a set of standard rocks of known chemical composi-
tion. These standards are BR, GA, GH, DRN, MAR, DTS, BCR-1,
and PCC-1. Precision and accuracy of the analyses are better than 1%
for the major elements of fresh samples (LOI =2%). Volatile-rich
samples may lose some alkali elements during fusion, as determined
from experimental petrologic work.

Results and Discussion

Alteration

To interpret the chemistry of oceanic basalt magma,
one must consider the conditions under which sub-
marine eruptions take place. During oceanic basalt
emplacement, the magma consolidates either in direct
contact with sea water or in contact with water-
saturated rocks. In Holes 462 and 462A, for example,
the water content of sedimentary rocks is more than
20% at depths of up to 500 meters below the sea floor.
Very rapid quenching, even for moderately deep in-
trusives in such sediments, and sea-water-rock chemical
reactions are two important consequences of eruption
under these conditions. As a result, the chemical com-
positions of submarine lavas on freezing may differ
greatly from the composition of the original primary
magma. In the following discussion, we attempt to
describe the specific chemical changes which have
resulted from submarine emplacement in the rocks of
Holes 462 and 462A. Unfortunately, detailed shipboard
mineralogic studies are not possible; thus this discussion
will be limited to several short comments. Shore-based
laboratory mineralogical studies to be carried out later
will add greatly to our understanding of the chemical ef-
fects of alteration,

Abundant and diverse products of alteration are
represented in the recovered rock samples (Fig. 23).
Throughout the drilled interval, olivine has been con-
verted to iddingsite, volcanic glasses are palagonitized,
and rocks are cut by numerous veins of chlorite, clay
minerals and pyrite. Calcite, opal-quartz, and zeolites
are also found. It is important to note that higher-tem-
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perature secondary minerals such as epidote, albite, ac-
tinolite, and adularia, which are invariably encountered
in ancient continental basalts, are absent in these rocks.
This demonstrates conclusively that the alteration oc-
cured at low temperatures (< 150°C).

Following the classification of metasomatic rock
facies of Korzhinskiy (1957), the volcanic rocks of
Holes 462 and 462A can be divided into three groups:
(1) facies of near-neutral hydrothermal conditions,
resulting in hydration of olivine and glass; (2) facies of
acidic hydrothermal conditions, resulting in production
of aluminous chlorite, quartz, and pyrite; (3) facies of
alkaline conditions, resulting in zeolites and carbonates.

Metasomatic alteration of the first group is a result of
sea-water reaction with basalt on a regional scale. The
least-stable phases under these conditions, volcanic
glass and olivine, are subjected to hydration; the former
is palagonitized and the latter is replaced by alkali-poor
members of the nontronite-saponite series of smectites.
This type of alteration does not result in large-scale
removal of highly mobile components such as alkalies;
it is essentially isochemical. In addition, plagioclase and
clinopyroxene remain unaltered under these conditions.
Fresh clinopyroxene and plagioclase are observed in
thin sections of the rocks of Hole 462 and 462A. The
plagioclase microphenocrysts of these rocks show pri-
mary compositional zonation (Ang,-Angs) related to
changes in primary magma chemistry during crystal-
lization.

Metasomatic alteration of the second and third types
is local, contrasting with alteration of the first type.
This type of alteration occurs after consolidation and
cracking of the emplaced rocks, and involves open-
system circulation of high-temperature hydrothermal
solutions. In the rocks recovered on Leg 61, such altera-
tion has led to preferential formation of zeolite veins
near glassy margins of thin sills and flows. This process
was probably promoted by the alkalization of initially
acidic volcanic hot-spring waters. Optical examination
of the zeolites of Leg 61 rocks reveals the presence of at
least three crystomorphologic types: (1) tabular forms,
(2) drusy aggregates of euhedral prismatic crystals, and
(3) radiating acicular bundles. The second type has the
optical properties of phillipsite.

Monomineralic veins of calcite are commonly local-
ized near basalt contacts with sedimentary rocks. Py-
rite-chlorite veins are found in the entire section at
Holes 462, 462A, and chlorite is being replaced by clay
minerals in almost all cores. Pyrite appears to be the
latest mineral; it occupies the interior portions of chlo-
rite-clay veins. Thicker veins show the following mineral
zonation from margin to core (Figs. 24-29) chlorite +
pyrite (pH <7)—calcite—zeolite (pH >7) reflecting
the increasing pH of the circulating solutions, caused by
chemical reactions with solid rock. Sometimes opal,
rather than zeolite, has replaced calcite grains, which in-
dicates injection of fresh acidic solutions into the
system. Colloform textures are characteristic of calcite,
opal, and zeolite in veins. In addition, potassium- and
aluminum-rich clay minerals are produced under these
more-acidic conditions.
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Figure 23. Leg 61, Hole 462, 560 to 617 meters.
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Figure 27. Vein of smectite and opaque material at 462-60-2, 103-107

Figure 24. Part of a secondary-mineral vein at 462-60-2, 53-57 cm, em (field of view is 4.0 mm)

showing two types of smectite and calcite (field of view is 1.0 mm).

Figure 28. Dark patch consists of Fe-Mn oxide with celadonite rim.

Figure 25. Green smectite and iron-manganese oxides at 462-60-2, Zeolite replaces calcite on the right side of photomicrograph (field
103-107 cm (field of view is 2.0 mm). of view is 1.0 mm). (Same vein as in Fig. 29.)

Figure 29. Zoned secondary-mineral vein at 462-60-1, 55-59 cm.
Outer part of vein is celadonite (dark), and inner part is calcite.
Both minerals are replaced by zeolite (anhedral) (field of view is
3.0 mm).

Figure 26. Vein of smectite and opaque material at 462-60-2, 103-107
cm (field of view is 4.0 mm).
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According to Korzhinsky’s (1957) theory, in agree-
ment with our observations of vein mineral assem-
blages, acidic alteration is characterized by relative im-
mobile ““acidic”’ elements, such as Si, Ti, Al, and Fe+3,
and highly mobile Na, K, Ca, Mg, and Fe+2. In proces-
ses of alkali alteration, the opposite is true, with the
possible exception of Ti and Fe*3, which are commonly
rather refractory in either case. Thus, the chemical com-
position of the primary magma may be greatly modified
by either acidic or alkaline open-system hydrothermal
alteration.

Octahedral magnetite is found in contraction cracks
of some of the thick sills drilled during Leg 61 (two
systems of fractures with dips of about 30 and 60°).
This mineral appears to be high-temperature infilling,
and the cracks within which it is found are cut by all of
the other types of veins described previously. These
veins are analogous to late-magmatic pneumatolitic ore
veins found in many thick sills on continents. Another
notable feature of the Leg 61 sills is the presence of eu-
hedral microphenocrysts of magnetite.

The last type of alteration observed in the Leg 61 sills
is autometasomatic amphibolitization and biotitization.
The phenomenon is well understood and requires no
further comment. These are high-temperature phases in
the Leg 61 sills; they appear to be Ti-rich, on the basis of
their optical properties.

In summary, the following sequence of metasomatic
alteration by acid and alkaline solutions can be ex-
pected:

1) Late-magmatic phase:

a) Neutral to slightly alkaline stage: Ti-hornblende
+ Ti-biotite + magnetite veins.

2) Post-magmatic phase:

a) Early alkaline stage: zeolite, calcite.

b) early acidic stage: aluminous chlorite.

c) Late alkaline to neutral stage: Fe- and Mg-rich
clay minerals.

d) Late acidic stage: pyrite, opal, and alkali-alu-
mina-rich clay minerals.

It should be noted that only the acidic and alkalic
alteration stages (near veins at Hole 462, 462A) may
have resulted in large-scale remobilization of major
elements such as Ca, Mg, Fe, Na, and K with associated
modification of initial elemental abundances and ratios.

Basalt Chemistry

Because as discussed above, alteration has been im-
portant in the Leg 61 rocks, it is necessary to assess its
importance quantitatively. At present, only LOI pro-
vides this capability. We have verified that most of our
analyzed samples do not contain large amounts of
zeolites, carbonates, and sulfides; thus, measured LOI
is probably due almost entirely to water loss. Unfor-
tunately, we do not yet know the oxidation state of iron
in the rocks, so that our LOI determinations represent a
minimum value. This is because all of the Fe*+2 in rock is
converted to Fe*3 during the analysis (Fe,0;/FeOQ =
1.11). Nevertheless, we can use the LOI determinations
as an index of alteration, because all rocks have been
similarly affected, and the original FeO/Fe,0; of even

SITE 462

the altered basalts does not vary over a very large range.
Thus, the Leg 61 samples with total iron between 11 and
16 wt. % have corrected actual H,O + contents greater
than 1.1 to 1.3 wt. %, as shown in Tables 11 and 12.
Keeping this assumption in mind, we will attempt to
determine the main petrochemical characteristics of the
Nauru Basin volcanics (Tables 13 and 14).

Because of their high mobility, alkali elements are a
very sensitive indicator of rock alteration. In the case of
Holes 462 and 462A, we can use potassium values.
Figure 30 shows that the primary K content of the fresh
rocks is extremely low (note that most data plot at the
extreme left of the diagram). The K contents decrease to
10-3 wt. % at the bottom of the section. In the thick sill
(Unit 12, 462A; and Unit 6, 462; Fig. 30), potassium
abundances are slightly higher in the portions which
contain residual granitic material. As with other tholei-
itic magmas, this enrichment in potassium is associated
with an increase of SiO, (which does not lead to in-
creased alkalinity) in the residual liquid. Our thin-sec-
tion observations confirm that enrichment of K and
H,0 is found most commonly in glassy rocks which
have primary water. This observation supports the idea
(developed earlier) that the alteration processes which
have affected the rocks of Leg 61 are primarily low-
temperature processes, and thus most primary mineral
phases are fresh.

Potassium partitioning in the glassy rocks appears to
follow three distinct patterns, as follows:

1) Hydration of glass, which does not mobilize
potassium. Under such conditions the potassium con-
tents of altered rocks are the same as for fresh rocks of
the same type. This stage is characterized by the forma-
tion of alkali-deficient nontronite-group smectites, and
is equivalent to the near-neutral stage of Korzhinskiy
(1957). This type of alteration results only in the dilu-
tion of the rock components with water, and does not
alter the rock’s primary geochemical paragenesis.

2) The second type of alteration is usually multi-
stage, and commonly results in the formation of veins
near basalt contacts with sedimentary rocks. The ob-
served assemblage of pyrite, chlorite, calcite, clay min-
eral, and quartz which is found in such veins is a testa-
ment to the acidic regime of this alteration type. In this
case, the clay minerals which are stabilized are composi-
tionally distinct from those formed under the conditions
of alteration of the first type (as defined earlier).

3) Last, alteration of the third type is characterized
by moderate water contents and enrichment of K in
altered rocks. This is confirmed by the optical iden-
tification in rocks of this group of chlorite and a mineral
which has the optical properties of hydromica. This type
of alteration probably occurs at higher temperatures
than the first and second types. The chemical composi-
tion of chlorite should allow us to estimate the tempera-
ture, which may have been as high as 400°C. Figure 30
shows clearly that H,O enrichment is correlated with
abundance of alteration products (by visual estimate) in
the rocks.

Figure 31 shows that modification of CaO and Al,O,
contents (from initial values of >11 and <14.2%,
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Table 11. Chemical analyses of lgneous Rocks, Hole 462.

Unit

3

6

7

10

10

10

10

Sample 60-1,90-92 cm  60-2, 139-142cm  61-2, 53-56 cm  62-1 79-81 cm  62-1, 127-129 cm  63-1, 132-136 cm  63-2, 79-83 cm  63-3, 119-122cm  64-1, 4-6cm  64-3, 79-81 em
Si0p 48.38 49.65 48.65 48.93 50.19 48.81 48.85 49.07 49.45 49.33
TiOp 1.40 1.42 1.46 1.39 2.18 1.76 1.84 1.85 1.91 1.84
Al303 15.01 15.37 14.33 13.56 16.24 14.38 14.82 15.08 15.53 14.78
FeO* 9,47 10.36 11.94 12.33 11.66 12.09 12.14 11.73 10.78 11.75
MnO 0.14 0.15 0.20 0.21 0.29 0.20 0.18 0.23 0.30 0.23
MgO 7.34 7.86 7.32 6.61 6.52 7.56 7.80 7.19 7.52 7.64
Ca0 11.02 11.40 11.72 11.53 7.30 11.08 10.21 10.25 10.05 8.97
NaO

K20 0.67 0.63 0.09 0.06 1.09 0.14 0.02 0.04 0.04 0.04
P05 0.22 0.25 0.22 0.22 0.24 0.25 0.26 0.25 0.22 0.22
Total 93.65 97.09 95.93 94.84 95.71 %.27 96.12 95.69 95.80 94.80
LOI® 7.38 4.96 0.85 0.70 2.59 1.28 1.96 1.50 1.27 2.03
FeO*/MgO 1.29 1.31 1.63 1.86 1.78 1.59 1.55 1.63 1.43 1.53
Ca0/Al;03 0.73 0.74 0.81 0.85 0.45 0.77 0.69 0.68 0.65 0.60
FeO*/TiO3 6.76 7.29 8.17 8.87 534 6.86 6.59 6.34 5.64 6.38

2 Heated to 110° for 6 hours prior to determination of LOI; LO1 = loss on ignition at 1050°C.

respectively) is noted in rocks with H,O contents greater
than 1 to 1.5%. Observed scatter in the data could be
due to analytical error. The individual samples which
constitute the various alteration groups are the same in
this figure as in the others.

It is clear from the plot of LOI against Fe/Fe +
Mg (Fig. 32) that iron content shows a slight decrease
in abundance with alteration. This tendency is more
marked in the rocks of Hole 462 than in those of Hole
462A. In addition, it can be seen that, for fresh rocks,
there is a general tendency for increase of Fe/Mg from
early to late magmatic phases. This increase is also ob-
vious in the thick differentiated sills, such as Unit 12 of
462A (equivalent to Unit 6 of Hole 462).

It will be noted that two distinct patterns of chemical
modification due to alteration are observed (Fig. 31).
The first is characterized by depletion of Ca and enrich-
ment of K and Al. The second is characterized by en-
richment of K and unmodified abundances of Ca and
Al. This has to do with the preservation or alteration of
plagioclase. The first type is the result of deep hydro-
thermal alteration which affects glass, pyroxene, and
plagioclase, whereas in the second type the latter min-
eral phases are not affected. In both types, aluminum is
immobile and is concentrated by removal of more-mobile
components from the rocks. This is clearly shown on the
plot of Fe/(Fe + Mg) against Ca/Al (Fig. 33). Increases
of Ca/Al are characteristic of picritic magmatic tenden-
cies, because pyroxene (high Ca/Al) takes the place of
plagioclase (assuming that changes in Ab/An of the
plagioclase are negligible [20-30 mol %]). A decrease in
this ratio is indicative of more-leucocratic magma com-
positions, where the albite molecule (low Ca/Al) is
enriched relative to pyroxene and anorthite. It can be
seen (Fig. 33) that Units 1 and 5 of Hole 462 and Units 8
and 11 of Hole 462A have been affected by hydrother-
mal alteration and are depleted in Ca.

The general tendency in magmatic evolutions, either
because of deep-seated fractionation or local differen-
tiation, is for late magmatic phases to be more leuco-
cratic and more iron-rich.

Titanium is the most immobile element in the altera-
tion processes under study; thus, it is of great value in
understanding processes of magmatic differentiation of
these rocks. The immobility of TiO, is clearly shown in
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the plot of TiO, against Fe/(Fe + Mg) (Fig. 34). This
plot effectively separates altered from fresh rocks: the
altered rocks are displaced to apparently more-Mg-rich
composition parallel to the Fe/(Fe + Mg) axis, which is
noted in comparing data for individual samples with
average analyses for the same igneous unit.

According to their TiO, variations (Fig. 34), the
rocks of Holes 462 and 462A can be divided into five
groups arranged in an orderly progression from early to
late magmatic phases. This pattern of TiO, variation is
widely observed in thick sills, and is well illustrated in
Figure 23. Deviations from this pattern are the result of
submarine (instead of continental) emplacement of
these basalts. With submarine basalts, it is possible for
sea-water penetration to cause quenching at any stage in
the solidification of the lavas. Rock textures indicative
of this process are observed both in the marginal zones
and interiors of sills (e.g., 462A-28-2, 73-75 cm). These
textures are characterized by up to 10 to 15% of in-
terstitial glassy patches within coarser-grained rocks
from the interior portions of the thick, 50-meter sills.
Fine-grained portions of the same sill do not show these
anomalous TiO, contents. The slight scatter of Fe/Mg
within the various TiO,-content groups is due to second-
ary alteration, as well as high analytical error in the
MgO determinations (by XRF method).

Assuming that TiO, content of altered basalts is an
accurate reflection of primary magma chemistry, it is
clear that at least two stages of deep-seated evolution
have occurred in the Nauru Basin magmas (Fig. 35).
The earlier and presumably shallower eruptions are
chemically homogeneous and have compositions typical
of oceanic tholeiite from other regions of the Pacific, as
well as the deep rift valleys of the Atlantic and Indian
Oceans (Shcheka et al., 1968). However, the Nauru
Basin basalts have extremely low potassium contents.
At the Barremian/Cenomanian boundary, we observe
an abrupt change of magma composition, as well as
mode of emplacement. Above this boundary, the rocks
are richer in Fe and Ti and are more leucocratic (accor-
ding to the Ca/Al criteria discussed before). In addi-
tion, the thick sills above this boundary display extreme
local differentiation, leading to the production of
residual granitic melt. The rocks above the boundary
are also more coarse-grained, suggesting emplacement



Table 11. (Continued).

SITE 462

11 1 1 1 11

4 4 11 11 11

64-4, T4-76 cm 651, 27-30 cm  65-2, 23-26 cm  66-1, 19-21 cm 664, 12-14 em  67-2, 90-94 cm  68-1, 73-7Scm  68-2, 37-39 cm  68-2, 49-51 cm  69-1, 36-38 cm

49.71 49.44 49.03 49,57 49.48
1.64 1.66 1.65 1.64 1.64
13.59 13.60 13.22 13.36 13.64
12.82 12.61 12.90 12.64 12.31
0.21 0.21 0.21 0.20 0.21
7.61 6.95 6.90 6.72 7.24
1116 11.03 10.91 11.14 11.08
0.09 0.05 0.03 0.04 0.07
0.25 0.24 0.23 0.22 0.21
97.08 95.79 95.35 95.53 95.88
0.36 0.41 0.52 0.21 0.74
1.68 1.81 1.86 1.88 1.70
0.82 0.81 0.82 0.83 0.81
7.81 1.59 7.81 1.70 7.50

50.13 49.77 50.16 49.18 48.33
1.65 1.85 1.92 1.61 213
13.32 12.96 12.70 13.22 12.01
12.59 13.80 14.33 2.1 16.79
0.21 0.23 0.22 0.22 0.20
7.41 6.55 6.30 7.01 5.47
11.37 10.52 10.17 11.10 9.32
0.14 0.08 0.14 0.12 0.27
0.25 0.25 0.25 0.26 0.25
97.07 96.01 96.19 95.49 94.77
0.48 0.43 0.36 0.28 0.36
1.69 2.10 bR 1.82 3.06
0.85 0.81 0.80 0.83 0.77
7.63 7.45 7.46 7.93 7.88

below a thicker section of sediments compared to the
ones below the boundary.

These changes are characteristic of the waning stages
of many volcanic episodes in continental regions, where
they are indicative of decreased temperature within deep
magma chambers. This leads to volatile enrichment,
and enrichment of light elements and Ti (leucocratic
tendencies). This pattern is commonly observed in re-
cently stabilized geological provinces, and we can specu-
late that vertical movements of the Nauru Basin may
have played a part in producing the observed magmatic
evolution.

There appear to be two main possible explanations
for the sequence of rocks which are found in the Nauru
Basin. The first is that the lava found below 730 meters
sub-bottom represents typical oceanic tholeiite base-
ment of Barremian or older age. This suggestion is sup-
ported by the chemical composition and homogeneity of
the magma, and especially by the anomalously low K
contents (0.001-0.01 wt. % K,O) in both fresh and
altered samples. This casts doubt on the presence of a
thick layer of K-bearing sediments and limestones below
the lower basalts, because the presence of such sedi-
ments would lead to high-K alteration in the overlying
basalts, as observed in the upper parts of Holes 462 and
462A. In addition, it is commonly observed on the con-
tinents that basic rocks overlying K-rich sedimentary
rocks and limestones are enriched in potassium. The
reasons for this potassium enrichment are not yet well
understood. It could be due to the presence of sialic
rocks in the zone of magma generation, to volatile
transfer of alkalies, or a number of other processes.
Whatever the cause, it is clear that such processes occur.
Unfortunately, it is difficult to assess the potential im-
portance of any of these mechanisms to oceanic rocks,
because the thickness of the oceanic basement is not well
known.

It is also possible that the chemistry of the Nauru
Basin igneous complex has been the result of unique
conditions of crystallization. For the most part, the
Nauru Basin basalts differ from typical pillow basalts.

For example, the Nauru Basin basalts have mostly holo-
crystalline textures. Even thin sills (25-35 cm) which
have thick (5-10 cm) glassy margins, grade quickly (2-5
cm) into holcrystalline, microdoleritic-textured rock. In
addition, in compound sills, the marginal zones lack
glass and are composed of fine-grained rock with
equigranular texture. Micro-injections of magma from
the interiors of igneous bodies into the chilled marginal
zones is commonly observed. All these observations are
consistent with the idea that these basalts crystallized
under a crust of water-saturated overlying rocks.

The Nauru Basin sill complex is similar in many
respects to the flood basalt or trap complexes of con-
tinental platforms (e.g., the Sikerion; Godlevskiy,
1959), where giant eruptions (sometimes up to 1-3 km
thick) culminate in the formation of layered igneous
bodies in the more-stable regions. These layered com-
plexes commonly include thin granitic layers. It is possi-
ble that despite the great thickness of many of the
Nauru Basin sills, the development of rhythmic layering
has been impeded by free access of water to the
crystallizing sill.

However, the composition of continental trap basalt
is different from that of the Nauru Basin basalts. This
probably can be attributed to the fact that continental
and oceanic crust differ greatly in composition. There-
fore, it is possible that eruptions similar in all their fun-
damental characteristics to continental trap basalts may
be present in oceanic regions of high spreading rate, but
this fundamental similarity between the oceanic and
continental occurrences may be obscured by chemical
differences which result from the different crustal type.

An ancient continental anolog of the Nauru com-
plex may be the Precambrian diabase basement complex
of the Fenno-Scandian supracrustal massif. This com-
plex is more than 5 km thick. Rocks from this complex
as deep as the Conrad seismic discontinuity have been
recovered, and it is composed of homogeneous diabase
almost identical chemically to the Nauru Basin diabases.

Finally, despite strong doubt that the Nauru sill com-
plex is underlain by sediments, it is clear that the com-
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Table 12. Chemical Analyses of Igneous Rocks, Hole 462A.

Unit L 1 1 2 2 2 3 k] 3 3 4 4 5 5 5 L

Sample 14-2, 4-Tem  14-2,29-32¢cm  15-1, 117-120em 161, 129-131 cm  17-1, 98-100 cm  17-2, 36-38 cm 181, 128-130cm  18-2, 48-50cm  19-1, 10-12em  19-1, 52-S4cm 192, 90-92em  20-1, 72-Tdem  20-1, 144-146cm  20-2, 93-95cm  21-1, 40-42cm  21-1, 93-96 cm

Si0p 5223 52.97 50.96 49.97 50.03 49.26 50.38 50.59 49.50 50.00 49.88 49.61 49.24 50.32 50.30 50.33

Ti0y 1.90 1.51 1.45 1.40 1.39 1.40 1.37 1.34 .01 1.40 1.38 1.63 1.64 1.64 1.66 1.74

Al0Og 18.56 15.40 13.83 14.06 13.92 13.97 14.03 13.87 16.27 13.96 13.67 13.52 13.32 13.53 13.66 14.00

FeO* 9.07 9.99 12.20 1z 1.9 11.77 121 1249 11.83 12.65 12.72 13.46 13.04 13.82 1.3 13.02

MnO 0.07 0.12 0.20 0.20 0.19 019 0.19 0.38 0.38 0.23 0.20 0.28 0.11

MgO .84 6.54 6.63 6.84 699 7.30 6.82 T.02 7.6 718 6.87 6.90 6.63 6.99 7.55 6.32

Ca0 1.65 10.10 1183 1z 1185 1181 i.n 168 1.88 11,80 11,89 142 132 1142 iz 10.76

N0

K20 2.85 0.83 0.06 0.06 0.02 0.06 0.08 0.05 0.41 0.04 0.05 0.02 0.1 .14 013 012
0.21 oz 0.z 0.23 0.22 0.22 0.20 0.20 0.23 0.20 0.19 0.23 0.26

Total 95.10 91.34 96.96 96.55 96.17 95.57 96,68 G704 95.06 97.03 96.51 96.58 95.30

Lo’ 245 1.9 0.63 0.43 071 0.79 0.79 013 0.36 0.66 0.66 0.7 0.00 0.07 0.45 1.69

FeO"/MgOQ 319 1.52 1.84 177 1.71 1.61 1.79 1.77 1.65 1.76 1.85 1.95 1.96 1.97 1.76 2.06

Ca0/Aly O3 0.41 0.65 0.65 0.86 085 0.84 0.83 0.84 0.48 0.84 0.87 084 0.85 0.84 0.81 0.76

FeO*/TiOz 477 6.61 8.41 8.65 8.61 B.40 8.92 932 5.88 9.03 9.21 8.25 7.95 B.42 B.03 T.48

& Heated to 110°C for 6 hours prior to determination of LOI; LO1 = Loss on ignition at 1050°C.

Linit 6 T B 9 9 1o 11} [11] 10 10 1 1 1" 12 12

Sample 201, 123-125 em  20-1, 146-149 cm 202, 26-29cm 220, 95-100 cm 221, 137-139cm 222, 100-11Scm 223, 12-14cm 224, B)-85em 225, 4-6om 225, 77-em 231, 25-29cm 232, 4-47em 23.2,69-Tlem 232, 95-98cm 233, T5-TTem

Siy 48.98 41.77 48,71 48,80 48,80 49.85 49.00 50.28 49,15 50,15 50,26 49.03 49.41 49.65 49.75

Tioy 1.89 1.88 1.74 1.66 214 2.08 215 1.67 1.69 1.66 1.85 1.70 1.59 1.83 217

Aly0a T4 15.06 15.02 13.60 16.92 16.78 17.34 13.58 13.76 1391 14.90 13.75 16.86 15.37 17.12

FeO* 12.85 12.88 12,78 13.46 1214 11.25 11.68 12.69 13.49 1243 12.80 12.38 1159 12.64 1.1

MnO

Mg 6.82 6.30 6.95 T47 738 747 6.88 642 1.3 6.32 6.58 7.02 1.24 669 8.5)

a0 9.51 599 10.81 11.50 9.94 7.60 .65 1.38 1131 11.41 9.92 .20 1.54 10.24 718

Nay»

K20 0.20 0.20 0.19 0.06 0.63 0.44 0.39 0.2 0.23 012 012 0.06 0.35 0.12 0.30

P205

Total

Lot L 2.64 1.65 0.44 2.67 L1 0.51 0.67 1.03 1.29 [N} 0.58 2.30 1.49 0.51

FeQ*/ 1.88 204 1.83 1.80 164 1.50 169 1.97 1.86 1.96 1.94 1.76 1.60 1.88 130
Call/Aly0y 0.64 0.59 0.72 0.84 0.58 0.45 0.4 0.83 0.82 0.82 0.66 0.81 0.4 0.66 41

TiOy 6.79 .85 T34 B0 567 5.40 541 .59 7.98 748 691 71.28 1.28 6.90 sn

Unit 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12
Sample 234, 48-50cm  24-1, 8-10cm  24-1, 27-3lcm 24-4, 51-54 cm  25-1, 39-42em  25-1, 99-102cm  B-1,23-26cm  B.l, 40-43cm 271, 31-33em 271, 97-100cm  27-2, TR-B0cm  27-2, 125-128cm 273, TI-Tdcm  2B-1, 9%6-98 cm  28.2, 28-30cm  28-2, T3-TS cm
si0y 4841 48.18 49.36 50.38 50.61 48.40 49.81 49.85 48.21 49.43 49.56 48.61 49.31 5017 50.56 48,50
Tiog 173 1.7 173 164 2.00 1.63 1.66 1.64 172 1.52 1.62 1.62 1.60 173 1.66 218
AlyDy 14.40 14.12 14.02 14.84 16.16 13.55 13.37 13,34 14.35 13.39 13.26 13.25 13.03 13.28 13.50 1227
FeO* 12.22 12.81 1239 13.25 10.48 1338 12.48 1291 12.60 1277 13.03 1.3 13.00 12.83 12.78 15.57
Mn0

Mg 6.78 6.83 678 6.53 6.64 6.75 6.75 6.47 6.57 6.70 6.01 6.17 6.55 5.94 6.54 6.13
Ca0 11.24 10.78 11.36 1136 9.14 156 . .21 11.08 10.75 1114 134 1.13 10,88 .1 11.39 9.76
MNazx(

K20 0.08 0.09 0.10 012 0.20 0.06 0.08 0.08 0.12 0.1 012 0.16 0.08 0.08 0.05 0.08
Pz05

Total

Loi® 112 133 0.81 0.81 2.16 0.59 0.79 1.02 2.60 116 0.51 0.36 0.67 0.28 0.44 0.8
FeO*/MgO 1.80 1.87 1.82 2.02 1.57 1.98 1.84 1.9 1.91 1.90 216 14 1.98 2.15 1.95 2.5
Ca0/Alz0y 0.78 0.76 0.81 0.76 0.56 0.85 0.83 0.83 0.75 0.8 0.85 0.84 0.8 0.84 0.84 0.79
FeO*/TiOy 7.06 7.40 716 8.07 5.24 £.20 7.51 7.67 732 8.40 8.04 816 B.12 741 1.69 114
Unit 12 12 12 12 12 12 12 12 12 12 ] 13 14 14 15 16
Sample 283,8-10cm 283, 134-136cm 284, 68-T0 cm  28-5, 26-26 cm 29-1, 6-9cm 296, 97-100 cm 301, 48-S0¢cm  30-3, 21-23 cm "31-1, 48-50cm 321, 44-4Bcm  13-2, 10-12em  36,CC, 21-23 em 381, 53-55 cm 382, 18-20 cm  38-2, 64-67 cm 391, 59-61 cm
5i0z 51.18 49.73 49.86 49.84 49.38 49.78 49.44 48,68 48.37 49.09 50.66 50.55 48.79 48,74 49,58
Tiog 1.67 165 175 1.63 1.47 1.50 1.61 1.58 1.66 1.21 1.58 1.20 L1E 1.20 1.19
Al0y 13.49 1317 12.96 13.13 13,04 13.5% 13.01 13.57 12.56 13.87 14.18 13.87 13.47 13.96 13.78
FeO* : 1279 13.09 13.22 1.1 12.37 12.53 12.82 12.45 11.43 11.26 1154 11.68 1169 1.3 1158
MnO

MgO 6.66 6.49 6.29 6.65 6.78 7.04 742 6.86 £.43 6.3 7.06 7.33 1.2 701 7.43 104
Ca0 11.86 11.30 10.58 10.35 1115 .18 10.97 10.85 10.66 10.70 .77 12.06 12.35 12.00 12.02 12.04
Nay0

K20 0.08 0.04 0.14 0.08 0.07 0.29 0.42 0.30 0.39 0.78 0.3 031 0.13 0.10 o1 0.02
P205
Total

Lo® 0.59 0.52 0.42 0.62 0.99 0.20 0.32 0.32 0.41 0.64 0.43 0.27 0.49 0.53 0.65 0.17
FeO* /MO 1.82 197 2.08 1.98 187 175 1.68 ] 1.93 1.50 1.59 1.57 161 164 1.51 1.62
Call/Alz03 0.86 0.84 0.82 0.79 0.87 0.85 0.80 0.83 0.78 0.85 0.84 0.85 0.89 0.89 0.86 0.87
FeO®/Ti0y 8.38 7.65 7.93 7.55 7.79 8.41 8.35 7.96 7.87 6.38 9.30 7.30 9.70 9.90 9.35 9.73
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Unit 16

16

16

17

18

mn

2l

2l

2l

21 ] 2 21 21 21
Sample 39-2,97-99cm 393, T6-TBem 393, 142-144cm 394, 4-6em 394, 67-70cm  39-5, 98-100cm  40-1, B6-90cm  40-2,23-25cm 402, 41-43cm  41-1, 10-12cm 41-1, 130-133 em  41-2, 110-112cm 414, BO-B2cm 415, 78-80 cm 416, 100-102¢cm  41-7, 106-109 cm
5i02 48.96 48.18 48.83 48.88 4813 48.43 49.07 49.15 49.74 50.09 49,84 50,41 50,04 50.28 50.46 49.46
Tioy 1.2 1.23 L19 1,20 121 1.22 1.24 1.26 B3] L 1.2 1.21 L2 1.19 1.2 0.72
Alz03 13.96 13.84 14.16 13,86 14.31 13.98 14.21 14.04 13.76 13.56 13.67 13.62 13.64 1391 13.24 11.60
FeO* .52 10.92 1.16 1160 11.26 10.79 11.39 1125 1188 12.15 12,16 11.70 1.09 11.04 141 14.20
MnO

Mg0 7.22 7.33 7.09 7.39 7.78 710 7.48 6.59 673 7.17 7.24 679 7.36 7.35 7.03 11.32
Ca0 1209 1241 12.21 12.23 12.36 1210 12. 12.15 124 12.04 1236 1197 12.04 12.08 11,83 5.08
Nay0

K20 012 0.03 0.04 0.09 0.06 0.08 0.10 0.25 0.04 0.04 0.04 0.02 0.0 0.09 0.32 0.56
Pa0s

Toual

Lo 50 0.59 0.92 0.30 0.36 0.33 0.58 2.18 225 0.71 0.59 0.67 0.70 1.93 1.03 492
FeQ*/MgO 1.59 1.48 1.57 1.56 1.44 1.51 1.52 1.52 1.76 1.69 1.69 172 1.50 1.50 1.62 1.28
CaO/Alz03 0.86 0.89 0.86 0.88 0.86 0.86 0.86 0.86 0.50 0.88 0.90 0.88 0.88 0.87 0.89 0.43
FeO*/Ti03 9.44 8.87 9.37 9.66 9.30 8.84 9.18 892 9.66 9.87 9.96 9.66 9.16 9.27 9.35 19.72
Unit 2 Sediment 2 2 22 2 n 2 n 2 2 n 23 23 il 23
Sample 41-7,96-99 cm 417, 106-109 cm  44-1, 128-130cm  44-2, 7-9em 450, 7-Bem 452, 14-1Tem 453, 50-52cm 455, 92-%cm 462, 61-63cm  46-2, T2-TAem 462, 122-124cm 464, 118-120cm 471, B8-89 cm  47-2, 98-100 cm 481, 100-102cm 484, 52-54 cm
510z 45.80 49.46 45.05 20.85 50.73 49.26 50.02 49.35 48.93 50.39 49.50 49.09 49.26 49.02 48.53 48.70
Tios L33 0.72 0.91 0.96 0.93 0.95 0.93 0.94 0.93 0.90 0.85 0.90 092 0.90 0.90 0.90
Al203 13.83 11,60 13.83 13.47 14.30 14.46 14,20 14.53 14.50 1431 14.37 14.10 14.15 14.04 14.04 13.83
go- 11.67 14.19 10.69 12.86 10.73 11.02 10.70 10.80 10,15 10.88 9.92 10.75 10,92 10.79 10.68 10.90

nO

MgO 6.59 1.32 7.92 7.93 1.67 7.70 7.56 7.47 7.9 a.07 6.88 7.38 7.79 8.01 7.9 B.1%
Ca0 .78 5.08 12.62 6.66 1238 12.83 12.50 12.98 12.57 12.55 11.82 1265 1181 12.69 1277 12.57
Naz0

K20 0.04 0.56 0.02 0.74 0.0 0.03 0,008 0.043 0.006 0,007 0.008 0.003 0.137 0,003 0.018 0.04
P20s

Total

Loi® 0.51 492 0.32 7.46 0.81 0.26 0.66 0.23 0.62 0.96 0.65 0.85 1.97 0.81 0.93 0.81
FeO*/MgO 177 1.25 1.34 1.62 1.39 1.43 1.41 1.44 1.27 1.34 1.44 1.45 1.40 1.34 1.34 1.33
CaD/Al;03 0.85 0.43 091 0.49 0.86 0.88 0.88 0.89 0.86 0.87 0.82 0.89 0.83 0.90 0.90 090
FeQ*/Ti03 9.48 19.70 11.74 13,39 11.53 1.60 11.50 11.48 10.91 12.08 11.67 11.94 11.86 11.98 11.86 1211
Unit 2 24 4 M 24 24 24 24 24 2 2% 26 27 28 29

Sample 484, 72-T4cm 491, 55-58cm  49-1, 83-BScm 493, 70-T2cm 494, 41-43cm 502, TI-TIam 503, 15-17cm 5046, 109-111cm 514, 27-0cm 524, 49-Slcm  56-1, 65-68 cm 561, 145-147 cm 584, 99-100 cm 593, 132-134cm  59-6, 131-133 cm

Si0p 48.38 48.80 49.08 49.28 48.70 48.48 49.54 49.27 48.89 48.84 49.53 49.98 48.57 49.54 50,18

Tioy 0.92 093 0.92 0.95 0.95 0.93 0.99 0.91 099 0.98 0.95 099 1.02 0.98 101

AlyO3 14.22 14.07 13.93 13.82 13.91 13.77 12.77 13.85 13.91 13.83 13.65 14.08 14.06 13.51 13,70

FeO* 10.87 10.85 10.84 1o 10.76 10.91 11.26 10.95 1.3 11 10.92 10.71 10.96 .13 11.43

MnO

MgO 8.36 7.70 7 8.08 8.43 8.51 8.8 8.56 7.81 7.30 7.58 7.98 1.87 7.98 7.78

Cah 13,0 12.59 12.37 1232 12.44 1217 1133 12,15 172 12.55 1241 12.57 12.62 2.2 12.60

Naz0

K30 0.033 0.049 0,019 0.002 0,007 0.021 0.416 0.015 0.118 0,001 0,004 0.004 0,004 0,016 0.029

P20s

Total

Lo’ 0.69 0.14 0.85 0.98 1.20 0.93 1.08 232 1.16 0.26 128 0.31 0.51 0.82 0.29

Fe*/MgO 1.30 1,40 1.36 1,36 1.27 1.28 1.27 127 1.43 1.52 144 1.34 1.39 1.39 1.46

CaD/Al03 0.91 0.89 0.88 0.89 0.89 0.88 0.88 0.87 0.84 0.90 0.90 0.89 0,89 0.90 0.91

Fe0*/Ti03 1181 11.66 11.78 11.58 1.3 .73 1137 1203 1 1.3 11.49 10.81 10.74 1135 1131

Unit 2 » 30 30 £ 3l k1l n il 2 12 3 34 Sed, M EH L]
Sample 60-3, 99-101 em  61-1,30-32em 612, 11S-118cm  62-2, 10-12cm  63-1, 36-38 cm  44-2, 53-S9 cm  44-2, 106-109 cm 676, 124126 cm 644, 30-32cm  65-2, 60-62cm  66-7, 33-35cm 684, 116-118cm  TO-1, 2-4cm 722, 53-SSem 722, 124-126cm 744, 72-T4cm
5102 47.90 47.49 47.81 50.18 49.19 49.70 49.66 49.67 49.18 0.11 50.42 49.05 90.69 49.78 49.25 50,54
TiOy 1.0 1.01 1.03 1.04 1.33 0.93 0.94 099 1.02 101 1.01 1.01 0.02 1.05 1.06 1.02
Alz03 13.70 13.64 13,87 14.07 9.02 14.53 14.47 13.81 14.23 14.02 14.04 13.94 1.28 13,74 13.79 14.02
Fel* 10.87 1 10.98 10.99 13.93 10.99 10.72 11.29 10.76 .25 11,90 10.99 1.84 11.55 10.68 1.63
MnO

MgO 7.35 7.35 7.58 7.55 10.46 7.69 132 £.10 7.47 7.67 2.04 746 101 7.93 7.58 7.42
CaD 12.51 12.36 1236 12.88 10.90 12.59 1297 12.34 12.56 12.25 12.38 1236 wn 1215 12.40 12.63
Na:

ng) 0.021 0.09% 0.042 0.018 0.074 0.05 0.03 0,045 o1 0,074 0,093 0,034 ] 0.09 0.09 0.4
P20s

Total

Lo 0.36 0.63 0.0 1.0 2,08 0.22 0.62 0.70 031 0.55 0.47 1.07 295 0.93 0.76 0.90
FeQ*/MgO 147 1.51 1.45 1.45 1.13 1.42 1.46 1.39 1.4 1.46 1,48 1.47 1.82 1.45 1.40 1.48
Ca0/Aly05 0.91 0.90 0.89 0.91 1.20 0.86 0.89 0.89 0.88 0.87 0.88 0.88 1Lm 0.88 0,89 0.90
Fe0*/Ti03 10.76 11.00 10.66 10.56 10.47 11.81 13.79 11.40 10.54 1.0z 11.78 10.88 92 11.00 10.07 11.40
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SITE 462

Table 13. Average chemical compositions of volcanic units, Site 462.

Unit 1 2 4 5 6 6 1 2 3 4 6 7 8 9 10 11 12
Hole 462 Hole 462A

Sample 2 1 1 7 7 3 1 3 4 3 1 1 2 1 3 4 25
SEOZ 49.01 48.65 48.93 49.04 49.51 4942 5096 49.75 50.21 49.73 5030 50.33 48.84 4880 49.86 49.34 49.38
TiOg 1.41 1.46 1.39 1.84 1.64 1.97 1.45 1.40 1.37 1.64 1.66 1.74 1.82 1.66 1.67 1.78 1.63
AlgOg 15.19 1433 13.56 1495 13.42 1256 13.83 1398 13.88 1345 1366 1400 1488 13.60 13.75 1460 1352
FezOg 11.05  13.27 13.70 12.99 14,07 16.65 13.56 1328 13.93 1493 14.82 1447 1424 1496 1430 1391 1412
MnO 0.14 021 021 023 021 022 020 020 021 020
MgO 760 732 661 752 7.2 601 663 7.04 697 684 755 632 689 747 6.65 677 6.59
quaOO 11.21 11,72 11.53 1040 11,11 10.00 11.83 11.92 11..79 11.39 11.11 10.76 10.16 11.50 11.37 10.89 11.06

a)

K70 065 009 006 006 008 016 006 005 006 009 013 012 02 006 025 009 0.13
P05 0.23 0.22 0.24 0.24 0.24 0.25 0.21 0.22 0.20 0.25
Total 96.10 96.84 9579 98.77 97.83 97.72 98.73 097.84 98.62 98.37 99.11 97.74 97.02 98.05 97.85 9738 97.05
LOI 6.17 0.85 0.70 1.50 0.43 0.38 0.63 0.64 0.71 0.04 0.45 1.69 3.21 0.44 1.09 0.71
Fe/(Fe + Mg) (atomic %) 42.3 47.7 51.2 46.7 49.8 57.8 50.1 48.7 50.3 52.5 49.8 53.6 50.1 50.2 51.9 50.9 51.8
Ca0/Al20 0.74 0.82 0.85 0.70 0.83 0.80 0.86 0.85 0.85 0.85 0.81 0.717 0.68 0.85 0.83 0.75 0.82
FeO*/TiOy

All values from tables 4, 1-6.6(7) and 6(3)-primitive and differentiated microdolerites respectively.

plex is unique in the ocean (to our knowledge). Its
discovery has important implications for the nature and
evolution of oceanic crust.

Part C (by H. Tokuyama)

Two main rock types have been recovered from Hole
462A: (1) dolerite sills, and (2) basalts with pillow-like
structure. Figure 21 shows the lithologic units distin-
guished in the sequence.

Basalt of type 2 was found only below Core 44, and
further sedimentary layers thicker than 1 meter were not
recovered below Core 44. Above Core 44, 21 dolerite sill
units have been defined; these are separated by chilled
margins from either sediment layers or other sill units.
Below Core 44, four dolerite sill units and eight pillow-
basalt units have been defined, mainly separated by
chilled margins from one another.

The chemical compositions of fresh type 1 basalts
from Hole 462A are plotted in terms of the ratio
FeO*/MgO versus TiO, (Fig. 36). On this figure, two
groups may be identified on the basis of differences in
TiO, content: a low TiO, type (0.9-1.04 wt. %), and a
high TiO, type (1.18-1.85 wt. %); the former type was
recovered below Core 44, and the latter type above Core
44,

That the glassy chilled margins of the high-TiO, type
are characterized by microphenocrysts of clinopyroxene
(but rare olivine) and that of the low-TiO, types by
microphenocrysts of olivine (but rare clinopyroxene) is
reflected by the difference in Fe*/MgO ratios of the two
types.

There are no large changes in chemical composition
within individual low-TiO, sills, so that fractionation,
which might be caused by minor removal of phenocryst
phases during cooling, is very low. On the other hand,
there are moderate changes in chemical composition of
the high-TiO, sills, particularly in the granophyre
schlieren. Thus, it is concluded that the difference be-
tween the high-TiO, type and the low-TiO, type is due
to different magma types. From the bulk chemical com-
position and petrographic evidence, the type 2 basalt is
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seen to be the low-TiO, type. However, the pillow struc-
ture which these basalts exhibit is not normal; therefore
they might not have been intrusive, but eruptive. Above
this type 2 rock, thick sediment layers (mainly hyalo-
clastic) were recovered; the high-TiO,, type 1 rock com-
monly is intruded into sediment. From this evidence, it
is inferred that there was a significant time gap between
low-TiO, type and high-TiO, volcanism. The earlier
volcanism was characterized by alternating eruptions of
the atypical pillow lava, and intrusions of sills with low
TiO, content; the later volcanic episode was charac-
terized by intrusion of high-TiO, sills within sediment.
From the paleontological data, it might be inferred that
the age of the earlier volcanism is late Barremian, and
that of the later volcanism Cenomanian.

In comparison with the FAMOUS glass data (Bryan
and Moore, 1977) and possible off-ridge intrusive or ex-
trusive samples from this area (Bryan et al., 1976), both
types 1 and 2 are depleted in TiO,. From a petrologic
viewpoint, both types 1 and 2 may have been produced
by olivine fractionation of abyssal tholeiite in the up-
per mantle; however, the lithologic sequence of igne-
ous rocks at Site 462 is very different from sequences
formed at oceanic ridges. Therefore, the volcanic se-
quence at Site 462 might have formed by a process un-
like that operating at oceanic ridges. Normal oceanic
basement which would have formed, according to this
model, at a typical ocean ridge could therefore directly
underlie the sill-pillow complex.

An interesting aspect of Nauru Basin volcanism is
that the above-described off-ridge volcanism produced
intrusives rather than central volcanoes. One hypothesis
that could account for this is that ridge-crest-related
volcanism ceased from late Barremian to Cenomanian
time in this region. If this cessation occurred, the lack of
a normal tensional regime, like that prevailing at typical
ridge crests, might have impeded access of magma to the
surface. Instead of rising to the surface, the magma
would have cooled and partly crystallized in the upper
mantle. Small leaks from this chamber then might have
ascended to the surface and produced the pillow-and-sill



Table 13. (Continued).

SITE 462

13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33
1 2 1 1 1 4 2 1 7 9 7 4 1 2 1 2 2 3 1 3 1
50.66 49.67 48,74 49.58 B 48,62 49.11 4932 50.13 4959 4882 4893 4B.84 49.75 48.57 4986 47.70 49.69 49.18 50.07 49.05
1.58 1.19 1.20 1.19 1.23 1.20 1.25 1.24 1.21 092 0491 0.95 0.98 0.97 1.02 1.0 1.01 1.03 1.02 1.00 1.01
1418 1367 1396 1378 13.84 1408 14,12 14.00 13.64 1429 14.04 13.83 13.83 13.87 1406 13.60 13.67 13.97 1423 13.97 13.94
12.83 1297 1248 12.87 12,14 1245 1258 12,79 12.89 11.81 12.04 1213 1235 12,02 12.81 1251 1220 1221 1196 1276 12.22
7.33 7.16 7.43 7.14 7.33 740 7.4 6.73 7.07 7.62 7.99 840 730 1.78 7.87 7.88 7.35 T:55 7.47 794 T7.46
12,06 1218 12.02 12.04 1241 1223 1223 1232 12,01 12.54 12,67 1227 12.55 12.48 12.62 12.41 1243 12.62 12.56 1232 12.36
031 02 011 002 003 007 017 013 004 002 003 001 000 000 000 002 006 003 011 007 0.03
98.95 96.99 9588 96,62 95.16 96.10 9650 9673 96.99 9679 96.50 96.52 95.85 96.87 96.32 97.28 94.42 97.10 96.53 98.13 96.07
027 041 065 017 036 137 167 091 060 071 135 02 078 051 052 050 050 031 057 1.07
47.0 477 458 477 455 462 475 482 484 439 430 422 458 438 437 447 454 449 446 448 9607
0.85 0.89 0.86 0.87 090 087 0.87 0.88 0.88 0.88 09 089 09 0.9 09 09 0.91 0.9 088 088 0.88

Table 14. Average chemical compositions of two types of al- Physical Characteristics of Igneous Units

tered basalts.
- The recovered igneous rocks were divided into 11
Unit 1(8) 11(10) 5 : PR R =
units on the basis of grain-size variations. Available
Sample (462 + 462A) (462 + 462A) chemical and mineralogical data are insufficient to
; determine if these textural units represent genetically
Si0y 49.79 50.26 e . . S
TiOy 1.21 1.60 distinct units and to definitively distinguish between an
AlyO3 14.23 15.15 intrusive or extrusive origin. The almost total absence of
Fez03 11.94 13.22 glass or indications of pillow structures suggests that the
5“0 2-}:‘; 2-;‘3’ entire igneous section consists of intrusive sills, and the
Cago 142 228 fine-grained texture of even the thicker units seems to
Na0 indicate that intrusion occurred at very shallow depth.
K70 0.42 0.95 The 11 igneous units delineated in the post-July-19 drill-
P20s 0.23 0.23 ing at Hole 462A start with the continuation of Unit 35
Total 96.85 96.19 (Figs. 21 and 22) and go into Unit 44. Some decrease in
LOI 2.72 3.30 plagioclase relative to augite occurs near the bases of
Fe/(Fe + Mg) (atomic %) 4.5 49.4 Units 35 and 37. The fine-grained boundary layers be-
Ca0/Aly03 0.80 0.48 tween Units 41 and 42 and Units 42 and 43 contain sev-
FeO*/TiOy

complex. Later, during Cenomanian time, the ridge
might have become a typical active spreading center
again, thus allowing magma to rise at the locus of re-
newed tension. By this time, however, the magma would
have been fractionated, and the ridge crest would have
been covered by some thickness of sediments. There-
fore, this renewed volcanism would have been emplaced
into the sediment as fractionated basalt sills.

Part D (by K. Seifert, T. Vallier, and K. Windom)

Introduction

Coring was resumed at Site 462A at a sub-bottom
depth of 953 meters on July 19, 1978. Between July 19
and 25, 115.5 meters of rock was penetrated to give a
total hole depth of 1068.5 meters at Site 462A. Total
core recovered from the 115.5 meters drilled was 60.20
meters, giving a recovery of 52%, including both sedi-
ments and basalt. Less than 3 meters of sediment core
was recovered, and approximately 112.5 meters of ig-
neous rocks were drilled.

eral times more clay-mineral alteration than is found
within the units.

Petrography

Preliminary studies of 27 thin-sections show varia-
tions in textures and compositions that are correlatable
with cooling histories and alteration, rather than orig-
inal magma compositions. The textures range from sub-
ophitic to intergranular, intersertal, and variolitic, and
the mineralogical compositions show a wide range
(Table 15).

Textures of coarser-grained rocks, generally from
cooling-unit interiors, are subophitic and intergranular.
As cooling unit boundaries are approached, the rocks
become finer-grained and textures are intersertal and
variolitic; these textures were observed together in thin
sections of several rocks. Glass, now altered to smectite,
occurs mostly in the interstices between grains. In those
rocks having variolitic textures, the glass occurs both in-
terstitially and as intergrowths with plagioclase and/or
clinopyroxene in radiating varioles.

Microphenocrysts are common in the finer-grained
rocks that have intersertal and variolitic textures. Most
are clinopyroxene, olivine (pseudomorphed by smec-
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tites), and plagioclase that range in longest diameter
from about 0.2 to 0.5 mm. Olivine microphenocrysts
are particularly well developed, indicating their early
crystallization. Some plagioclase microphenocrysts are
zoned. Clinopyroxene (augite) microphenocrysts ap-
parently crystallized at about the same time as the
plagioclase microphenocrysts.

Primary phases of the basaltic rocks are plagioclase,
clinopyroxene, olivine, titanomagnetite, and sideromel-
ane. Both olivine and sideromelane are altered to smec-
tite in nearly all studied thin-sections. Plagioclase con-
tents range from 21 to 58% and average 44% . Clinopy-
roxene (augite) contents range from 18 to 47%. Titano-
magnetite ranges from 2 to 14%. Glass content origi-
nally ranged from 1 to 49% and averaged about 12%,
the amount varying with relative proximity to a cooling-
unit margin and thickness of the cooling unit.

The variations in composition are caused by cooling
histories and resultant differentiation, mostly by crystal
settling. Overall, the rocks probably are olivine tholei-
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ites, similar to those described from the upper part of
Hole 462A and in the adjacent pilot hole (Hole 462).

Vein Minerals

Fracturing is common in the basalts. Many of these
fractures are filled with veins containing one or more of
the minerals pyrite (and marcasite), zeolite, calcite, and
a green clay-like mineral. Fracturing seems to be most
intense in the finer-grained parts of the basalt, although
it is by no means restricted to such areas.

Pyrite occurs both as cubes and as more-massive vein
coatings. It is found in association with zeolite, calcite,
and dark-green clay. Its occurrence appears to be con-
fined to the veins. Some of the sulfide has the appear-
ance of chalcopyrite, although slightly oxidized pyrite
may give the same appearance. Shore-based chemical
studies will resolve this question.

Calcite occurs as individual crystals and groups of
crystals, and as very fine-grained veins. It is usually
clear to white, but also occurs as light-pink veins.
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the dark-green clay.

Zeolite has been identified in some of the veins. Op-
tical examination indicates the presence of thomsonite
in at least some of the zeolite-bearing veins; the presence
of phillipsite has been inferred from a partial optical ex-
amination of other veins. The zeolite varies from large
fibrous grains to smaller radiating clusters. It is found in
association with pyrite and calcite; its association with
the dark-green clay mineral has not been unambigu-
ously determined.

The dark-green clay mineral is the most abundant of
the vein minerals. It is very fine-grained and often ex-
hibits slickensides. Virtually all of the original fractures
(those not obviously induced by drilling) contain a coat-
ing of this material. No unequivocal determination of
this material has been made, largely because of its very
fine grained size; it is tentatively called smectite, but it
may be chlorite. Shore-based X-ray-diffraction and/or
DTA tests should resolve this question. The clay mineral
associated with both pyrite and calcite.

Other vein minerals are also present. A light-green
material forming a vein greater than 1 cm wide was
recovered in Core 89. The material is extremely fine-
grained, and it has not been identified.

Introduction

The paleomagnetic studies utilized the shipboard
Digico spinner magnetometer and Schonstedt alter-
nating field (AF) demagnetizer. During this leg, both of
these instruments were limited in their capabilities. The
Digico will not reliably give repeatable measurements
below intensities of 1 x 10~3 emu/cm3, normally a very
high intensity for sedimentary rocks. The Schonstedt
demagnetization unit had some anhysteretic remanent
magnetization (ARM) potential, particularly above 500
Oe; a result of the dented and nonconcentric shielding
cans. Susceptibility of basalt samples was measured us-
ing the Bison susceptibility meter.

Measurements were made on 2.5-cm-diameter, 2.4-
cm-long mini-cores, oriented by a scribe line parallel to
the edge of the large core. Recovery in the holes was
generally high, providing very large pieces of the main
core to sample. Paleomagnetic samples were generally
taken from these large core pieces, which provided long
edges from which the mini-core orientation was ob-
tained. Thus, orientation errors could be minimized.
Both sediments and basalts were studied, and each will
be described separately.
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Early Campanian to Cenomanian Sediments

Paleomagnetic samples of early Campanian to
Cenomanian sediments from both Holes 462 and 462A
have been measured. The samples were taken to bracket
the reversed interval corresponding to Anomalies 33 and
34 of the sea-floor-spreading pattern, the reversed inter-
val which serves as the younger boundary of the Creta-
ceous long normal-polarity interval. The study was
undertaken in an attempt to better correlate the bio-
stratigraphic age correlations (particularly using nanno-
fossils) with the geomagnetic-reversal pattern in early
Campanian-Santonian time.

Sampling was begun where the foraminifer age sug-
gested the upper boundary of the reversed interval. The
reversal of polarity was indeed detected at that very
point.

Cores from both Holes 462 and 462A were sampled
at roughly 75-cm intervals through about five core bar-
rels, and periodically at closer spacings. Surprisingly,
these sediments are very strongly magnetized (0.5-2.5 X
10-4 emu/cm?) and easily could be measured on the
Digico magnetometer. Furthermore, their intensity and
stability permitted AF demagnetization, often in excess
of 400 Oe, while remaining within the reliable portion of
the Digico measurement range. Many samples were de-
magnetized stepwise at 12.5, 25, 50, 75, 100, 125, 150,
200, 250, 300, 350, and 400 Oe. Almost all samples were
demagnetized to at least 100 Oe.

Cores from both holes show natural remanent mag-
netization (NRM) directions changing from southern-
hemisphere normal (negative) inclinations to reversed
(positive) inclinations, beginning at about 516.5 meters
sub-bottom depth in Hole 462 (Core 55), and about
517.5 meters in Hole 462A (Core 9). Reversed polarity
persists to 524 meters in Hole 462, and to 525 meters in
462A, changing back to normal in Cores 462-56 and
462A-10, respectively. Both polarity boundaries occur
within core-barrel segments, not at breaks between
segments. The remainder of each core remains normal
into the Cenomanian, at which point basalt was en-
countered in both holes.

Although the inclinations are shallow and widely
scattered, the reversal of polarity is clearly defined. AF
demagnetization did little to reduce the scatter. Very lit-
tle or no change in directions was effected by demag-
netization. The NRM and demagnetized data are illus-
trated in Steiner (this volume). The magnetization is
rather hard, exhibiting median destructive fields (MDF)
greater than 150 Oe (generally greater than 200 Oe).

From the results obtained so far, it appears either
that the recorded inclinations were very dispersed for
some reason, or that it is not possible to clean these
magnetizations effectively by AF demagnetization.
These sediments may be similar to those encountered at
DSDP Site 105. Those sediments, although Jurassic,
were of similar red-brown colors and had high inten-
sities and MDFs similar to those of the Site 462

83



SITE 462

Differentiated tholeiites
1.8}

16}

TiOg (wt. %}
=

0.8 -

HOLES 462 and 462A

Primitive tholeiites .

— Hole 462 ===Hole 462A

600 700

800 900

Sub-bottom Depth {m)

Figure 35. Variations of TiO, content in volcanic rocks.

sediments. They could effectively be cleaned only by
thermal demagnetization. Thus, thermal demagnetiza-
tion will be attempted on Site 462 samples on shore.
Within the reversed interval, in cores from both
Holes 462 and 462A, an excursion of inclinations occurs
at exactly the same point within the sediments relative to
the reversal boundaries. The feature spans only 20 cm,
but is so persistent as to occur in sediments of different
color in each core. Occurring within the reversed-
polarity interval, it consists of a shallowing of positive
reversed inclinations, steepening into negative (ap-
parently ‘‘normal’’) inclination values, and back again.
Because this occurs at exactly the same level in both
holes, cores from both holes were resampled to study
this feature in more detail. The directions are illustrated
and the details are described in Steiner (this volume).

Igneous Rock

In both Holes 462 and 462A, both the igneous rocks
and the intercalated sediments were sampled to include
as many of the petrographic units and sedimentary in-
tervals as possible. This was based on the availability of
material that was clearly oriented with respect to the up-
direction of the hole. Nearly all of the petrographic
units and the intercalated sedimentary units within these
holes were sampled. Natural remanent magnetization
and bulk susceptibility were measured. AF demag-
netization has been carried out on most samples to ob-
tain a stable inclination. AF demagnetization was per-
formed at (12.5), 25, 50, (75), 100, 150, 200, 250, 300,

84

400, and 500 Oe. (The steps shown in parentheses were
not done routinely on all samples.) The low coercivity of
the magnetization precluded application of the 400- and
500-Oe steps to most igneous samples.

The shipboard Digico magnetometer has a detrimen-
tal effect on many samples after AF demagnetization
was begun. The magnetometer incorporates as its shield
from the earth’s field a set of mu-metal cans. These cans
have very narrow diameters, so that upon insertion a
sample has to pass less than 1 cm from the can edges, an
area of high magnetic field strength. It has been demon-
strated repeatedly on Leg 61 basalts that the position
and location of the sample as it enters the magnetometer
can influence or determine the obtained direction.
Samples generally are susceptible to the influence of this
ring field around the magnetometer mouth only after
demagnetization has begun. NRM measurements do not
show much of the effect. Some samples are more sus-
ceptible than others—coarser-grained and high-suscep-
tibility samples generally being the most susceptible.
However, the influence begins to appear at different
times during demagnetization of a sample, and often the
influence on the directional change is too subtle to be
detected immediately, if at all. Sometimes it can appear
as a very smooth change away from the progressive de-
magnetization path of the natural remanence to a pro-
gressive path of increasing magnetization imparted by
the can. Even in less-severe cases, it appeared that a
combination of both processes produced the obtained
directions. Even some visually fine-grained, low-suscep-
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Table 15. Petrographic characteristics of igneous rocks in Hole 462A below 953 meters.

Altered Other No. of
Sample Plagioclase Clinopyroxene Titanomagnetite Olivine Clay Minerals  Textures® Phenocryslsh Points
462A-75-04, T8-80 54 37 7 — 3 _ 5 1000
7505, 31-32 54 3 5 Tr 5 — 5 700
7505, 122-124 58 3 6 Tr 5 - S 1000
7601, 59-61 38 39 1 Tr 16 — s 1000
7701, 75-17 42 41 14 2 1 — 1-v o,CP 1000
7701, 121-123 40 47 5 - B - 1 1000
7702, 70-73 40 40 ] Tr 12 - §-V (o] 1000
7801, 5-9 35 43 6 Tr 16 -_— 5-I8 o] 1000
7801, 96-98 38 44 8 Tr 10 — - o] 1000
78-02, 87-89 41 38 9 _ 12 — Is 1000
7901, 138-140 43 39 5 2 11 —_ Is 0,C 1000
7902, 135-137 42 9 7 2 10 Calcite (tr.) Is-1 oO,CP 1000
7905, 4244 46 38 6 1 8 - I (o] 1000
7905, 135-137 41 43 9 2 5 - 1-v 0,C, P 1000
B101, 72-74 48 43 6 — 3 — I 1000
81-03, 58-60 43 36 13 1 7 — I 0,CGP 1000
B4.03, 138-140 51 35 7 1 6 — 1 o,C,P 1000
84-04, 49-51 39 22 4 36 — Is 1000
B4-05, 75-77 43 43 6 T 8 s 0] 1000
88-02, 83-85 50 37 4 2 7 I o] 500
BB-02, 119-121 46 36 5 - 12 Alkalic S 1000
Feldspar (tr.)
Glass (2)
8802, 125-127 54 33 3 — 11 500
89-02, 38-40 30 31 z Tr 35 Calcite (2) Is 0 500
89-02, 72-74 21 18 12 —_ 49 — -1 C.P 500
20-01, 24-26 49 34 6 —_ 11 - Is 500
90-03, 60-63 52 34 7 —_ 6 - Is P 500
90-05, 4042 53 35 5 —_ T - Is 500
2§ = subophitic: [ = i lar; V = variolitic; Is = intersertal.
bo = C=d oxene; P = plagiocl
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tibility rocks began to be biased once they were below
50% of their NRM intensities. The evidence for magnet-
ometer bias is discussed in detail in Steiner (this
volume). To a large extent, the bias has been removed
by careful re-examination of the data, although some
scatter remains which may testify to a remaining influ-
ence. The information and conclusions presented here
are reasonably free of this influence.

Natural Remanent Magnetization

All samples, basalt and interbedded sediment, dis-
play negative NRM inclinations. Because the site was in
the southern hemisphere during the Mesozoic (Larson,
1976; Lancelot and Larson, 1975), these samples possess
a normal magnetization. Upon demagnetization, the in-
itial —50 to —70° (and occasionally —80°) inclinations
decrease to values between —30 and —55°. The site is
now at 7°N (present inclination, 14°), and we believe
that it moved north from only as far south as 20 to 30°S
since the emplacement of these rocks (Larson, pers.
comm.). Thus, it is puzzling to obtain a steep negative
overprint on these inclinations. In general, all coarser-
grained rocks (Hole 462A) displayed higher inclinations
than the finer-grained rocks. Evidence from the lower
part of Hole 462A (discussed in Steiner, this volume)
suggests that the overprint is a drilling remanence.

Demagnetization

Most of the fine-grained basalts have NRM inclina-
tions nearer the stable inclination, and they move to
their stable inclination value with about 70 to 30% of
their NRM intensity remaining. MDFs are usually be-
tween 80 and 120 Oe. The coarser-grained basalts and
some of the fine-grained ones require the destruction of
80 to 90% of their NRM intensity before yielding a
stable direction. Here, stable means that two or more
consecutive demagnetization steps, usually 50 Oe apart,
yield the same direction. The MDFs of coarse-grained
samples range from 20 to 70 Oe.

Stable Inclinations, Hole 462 and the Upper
Part of Hole 462A

Hole 462 generally exhibits very stable inclinations.
Very little change occurs during demagnetization, ex-
cept in the uppermost samples. The basalts of this hole
have three distinct groups of stable inclinations. The up-
per six samples plotted in Figure 37 group around a
mean of —38°, (standard deviation = 4.3°), The next
four samples, below an 8-meter recovery gap, have a
mean of —42.6° (standard deviation = 1.9°). Finally,
the lower 13 samples are grouped around —48.2°
(standard deviation = 2.6°). These three groups of in-
clinations correspond to separate petrologic units and
suggest that petrologic Units 1 through 6 are contem-
poraneous, and that Units 7 through 10 are contem-
poraneous.

The only other magnetic feature which changes no-
ticeably within Hole 462 is susceptibility, a distinct in-
crease corresponding to the boundary between the sec-
ond and third magnetic units. Susceptibility is appreci-
ably higher in the lower unit, which may be related to
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the larger grain size. In the bottom of the hole, there is
an enrichment in magnetite, both within the basalt and
in a magnetite vein within the basalt. The host rock does
not show any higher intensity or susceptibility, but a
sample from a magnetite vein exhibiting octahedrons of
magnetite does. Nevertheless, the direction remains the
same as in the rest of the unit.

The upper basalts of Hole 462A resemble those of
Hole 462 in some ways, although for the most part they
are quite different. As in Hole 462, the upper basalts of
Hole 462A have lower inclinations than underlying
units. Values for Core 15 through part of Core 18 group
around —25°. Cores 18 and 19 display a gradual in-
crease to higher inclinations, —30to —40°. Subsequent
cores down through Core 24 have scattered inclinations
grouped around —50°. The MDFs are much lower than
those of Hole 462, averaging around 30 to 50 Oe. A con-
siderable amount of soft component is removed during
AF demagnetization, whereas there was little to none in
Hole 462. Correlation between Holes 462 and 462A is
not entirely obvious. In both holes, the upper inclina-
tions are shallow relative to the underlying units, but the
stable inclinations of higher units of Hole 462A do not
correlate well with those of Hole 462. Recovery was very
poor in the upper part of Hole 462, which contributes to
the poor correlation. The stable inclinations of the up-
per two-thirds of petrographic Unit 12 are fairly similar
to those of Unit 11 in Hole 462. Inclinations in Hole
462A are slightly higher and much more scattered, prob-
ably artifacts of the overprinting at Hole 462A. The
marked susceptibility increase in Hole 462 between mag-
netic Units 2 and 3, is not clearly apparent in Hole
462A, although there is an increase at the same level
(591 m), and it continues to be generally higher down-
hole from that point. Thus, in both susceptibility and
stable inclination, there seems to be a correlation of
petrographic Units 11 (Hole 462) and 12 (Hole 462A) in
the two holes.

Stable Inclination in the Remainder of Hole 462A

Unit 12 is considered to be a very large sill (Fig. 22).
In its lower third, remanence becomes harder, MDFs
doubling in value from around 35 Oe to about 70 Oe.
NRM intensities increase abruptly at this point. Thus,
magnetic data suggest that the lower third of Unit 12 is
really a different petrologic unit.

Immediately underlying Unit 12 is a volcaniclastic
sedimentary section. Samples from this section show the
same directions as the overlying basalt, and very stable
remanence. The same was true of another volcaniclastic
sedimentary unit between petrologic Units 9 and 10. The
sediments were probably re-heated by the basalt intru-
sions.

The basalts of the upper petrographic units in both
holes have experienced reduction alteration. Such alter-
ation could have remagnetized these rocks, but meas-
urements from samples centered on large chlorite-clay
veins (as much as 6 mm across), or from samples riddled
with veins, show the same directions and similar MDFs
as large non-veined areas. Similarly, the magnetite vein
in Hole 462 showed this same inclination, about —50°,
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Figure 37. Some magnetics versus depth in hole.

The alteration is of interest because of the reducing na-
ture and because magnetite is observed to be associated
with it, suggesting that some remagnetization occurred.
Both petrologic data (this summary) and the similarity
of directions from heavily veined sediment and less-
affected samples suggest that the alteration was deu-
teric, occurring shortly after emplacement.

Recovery was poor below petrologic Unit 12 and the
underlying sediments. Petrologic Units 13 to 15 consist
of only one or two samples each, and directions are scat-
tered. Intensities are higher than in Units 1 to 11, and
are comparable to the lower third of Unit 12. By Unit 16
(Core 39), the inclination seems to be shallower. At this
point, titanium content decreases abruptly and remains
low throughout the rest of the recovered basalt se-
quence, decreasing again at 730 meters (Fig. 21). From
the point of the first Ti decrease (691 m sub-bottom),
NRM intensity increases noticeably and remains higher
than before throughout the remainder of the section.
This suggests that the titanomagnetites below this point
also have a lower titanium content than those above it.

Units 17 to 20 are again very narrow, and only a few
samples with scattered directions were obtained. The
next thick unit down-hole, Unit 21, has only two reliable
values, both also shallow. Other values are question-
able, for several reasons. Intervening between Units 18
and 21 are several poorly recovered sediment sequences
(Fig. 22). One of these was dated as late Aptian (Core
40) and had sufficient material for a single paleo-
magnetic sample. It gave an inclination of —31°; how-
ever, the beds are inclined, and the inclination may be
unreliable.

Below Unit 21, sediments again are encountered. Re-
covery at the base of these sediments (Core 43), dated as
Barremian to Hauterivian, allowed the taking of nine

samples. These have NRM inclinations of —45° on
demagnetization, they steepen to around —50°. Their
stable inclinations are identical to those of the higher
sediments and intrusives, even though the surrounding
basalts are shallower.

Below the Barremian sediments, very fine-grained
basalts occur, which are interpreted petrologically to be
extrusive rocks. They display shallower NRM and de-
magnetized inclination than those higher in the core.
The demagnetized inclination is 35.7° (standard devia-
tion = 8°). These samples have relatively high MDFs,
and the directions are less scattered than higher in the
hole.

A thick, coarse-grained sill underlies the fine-grained
rocks. The susceptibility values are relatively high.
MDFs are low, and no stable inclination could be iso-
lated. As discussed in Steiner (this volume), the magnet-
ometer has a marked influence on these samples, caus-
ing their directions to appear to reverse in inclination
during AF demagnetization. None of the inclinations
for this unit are valid. Another small sill very similar to
Unit 24 underlies it. Of two samples taken within it, the
lower one shows the same susceptibility to the magnet-
ometer, while the top one does not.

Below these high-susceptibility sills, inclinations in
the finer-grained rocks (Cores 53-63) are similar to those
of the fine-grained rocks above the sills, which have
—36° inclinations, but there is more scatter in the data.
The scatter is probably a reflection of the interspersed
samples of fine-grained margins and coarser-grained
flow interiors. The fine-grained samples throughout the
rest of the section to Core 65 show the same stable incli-
nations, but because of the magnetometer’s influence
on coarse-grained, high-susceptibility rocks, the coarser-
grained samples below about 825 meters sub-bottom
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generally were not demagnetized. A few trials showed
that the magnetometer influence is too large to deter-
mine stable inclinations. These samples will be demag-
netized on shore.

At about Core 64 to 65 (670-677 m sub-bottom,
below petrologic Unit 30), susceptibility increased no-
tably, from values around 1.0 to 1.2 x 10-3 Gauss/cm?
to values of 1.3 to 1.5 x 10-3 Gauss cm3. NRM inten-
sity increases markedly about 7 x 10-3 Gauss to
around 18 x 103 Gauss, larger than anything observed
higher in the core. Almost all material is interpreted as
sills. However, even a fine-grained unit intercalculated
at 910 meters sub-bottom (Cores 69 to 70, petrologic
Unit 34) shows these high intensities. The intensities re-
main high to the bottom of this hole, being generally
higher in the coarser-grained samples. It is also at this
point (677 m) that apparently total remagnetization oc-
curs in the core, which continues to the bottom of the
hole. All NRM inclinations are very steep upward values
of —70to —85°, Only two fine-grained intervals (petro-
graphic Units 34 and 43) preserve the shallower NRM
inclinations characteristic of the rest of the core.

Demagnetization of the coarse-grained samples
proved useless. Attempted samples showed MDFs be-
low 50 Oe, and no stable direction could be established.
It appears that a drilling remanence has completely re-
magnetized the samples and caused the large increase in
intensity. It is most interesting that NRM intensity
seems to increase when the drilling rate is slower. With a
lower rate, the time during which the rocks are under
the influence of the magnetic field of the bottom assem-
bly and the vibrations associated with drilling will be
longer, increasing the intensity of a viscous magnetiza-
tion. However, even the fine-grained units which still re-
tain a stable magnetization show this large increase of
intensity.

The two fine-grained units within the highly remag-
netized sequence show NRM directions comparable to
those of stable units higher in the hole. They also de-
magnetize to stable directions. Unit 34 displays a stable
inclination of approximately —38°. Unit 43, however,
displays a stable inclination of —51°, suggesting a
genetic affinity with the sill sequence very near the top
of the basaltic pile. On-shore demagnetization of the
coarse units may provide information on this possibil-
ity.

At 993 meters sub-bottom, 4 meters of sediment
shows one reversed and two normal directions. The
fine-grained sediment carries a stable remanence, while
the coarse-grained material like the surrounding basalt,
is remagnetized. The three fine-grained samples exhibit
stable inclinations of +42, —49, and —37°. One would
assume that this is a record of a field reversal, which
would be consistent with the sediment’s Barremian age,
the Barremian being a time of frequent reversals. How-
ever, the reversed sample has magnetic properties unlike
those of the rest of the stable sediment in that interval,
and somewhat distinct from those of sediment samples
higher in the hole. First, the sample is from red sedi-
ment, which suggests baking. Second, the NRM in-
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tensity is abnormally high (1.25 x 10-2 Gauss) in com-
parison either to that of immediately underlying sam-
ples, or to that of other sedimentary samples in either
hole. It also shows a very stable remanence and high
MDF compared to those of the next two lower samples.
All this makes one wonder about the origin of its rema-
nence. Enclosing lavas are all heavily remagnetized,
showing the monotonous, steep, upward magnetization,
but do not hint at reversed igneous magnetization. All
this leaves the meaning of the reversed sample am-
biguous.

Summary

1. Campanian to Cenomanian sediments have re-
corded the reversal corresponding to Anomalies 33 and
34, bounding the Cretaceous long normal interval. The
inclinations are low in contrast to the high inclinations
of the basaltic sequence.

2. The igneous rock magnetization is relatively soft.

3. A steep up-hole remanence (probably drilling
remanence) is overprinted on the igneous magnetiza-
tions.

4. All basalts and intercalated sediments (except one
sample) are normally magnetized.

5. Two main groups of inclination are identified in
the igneous rocks: approximately —50° for the upper
intrusives down to Core 32, and approximately —37°
for the intercalated extrusives and intrusives down to
Core 65. The inclination changes slightly above the ap-
pearance of presumably extrusive units, suggesting that
the upper intrusives (564-656 m) were emplaced at a dif-
ferent time than the units below 691 meters. The dif-
ference in age cannot be determined from these data.
The vast difference between the overlying-sediment in-
clinations and the igneous-rock inclinations suggests
that the igneous rocks probably record secular varia-
tions in the dipole field.

6. A completely overprinting remanence was ac-
quired (apparently by drilling) in the lower half of the
igneous section.

PHYSICAL PROPERTIES, WELL LOGS, AND
UYEDA DOWN-HOLE TEMPERATURE PROBE

Physical Properties: Laboratory

METHODS

Sound velocity (compressional)*, 2-minute GRAPE? wet-bulk den-
sity* (ratio of sediment weight to its volume), and continuous GRAPE
wet-bulk density measurements were performed on laboratory sam-
ples, using methods described in Appendix I (this volume).

Cohesion or shear strength (g/cm?) of clayey sediment was meas-
ured by the techniques described in Boyce (1976¢), using a 1.6 ¢cm
(diameter) x 1.6 cm (height) vane. The vane was rotated with its axis
parallel to bedding of a split core.

Gravimetric determination of wet-bulk density, wet-water content
(ratio of the “‘weight of pore water’” to “‘weight of the wet-saturated
sediment or rock,” expressed as a per cent), and porosity (ratio of
“‘pore volume'’ to the ‘““volume of the wet-saturated rock,’’ expressed

4 Velocity, 2-minute GRAPE wet-bulk density, and thermal fuctivity
were done by R. Boyce, N. Fujii, and K. Thompson.
Gamma-Ray Attenuation Porosity Evaluator,




as per cent) used traditional gravimetric water-immersion techniques®
on 20-gram samples, as described in Appendix I.

Heat conductivity was measured with a quick thermal conductivity
meter (QTM); this device uses a rectangular pad with a heater and
thermocouple, which is placed on a flat rock sample, and the thermal
conductivity is ‘‘automatically’’ measured and displayed on a panel.
The technique and calibration are discussed in Appendix I.

Results

All data on sound velocity, wet-bulk density, water
content, porosity, impedance, and heat conductivity are
listed in Tables 16 and 17, and all except heat conductiv-
ity and vane shear strength are charted against depth.
These data will not be further discussed, except interval-
velocity discussions in the well-logging section, and best
can be studied in Figures 38 through 48. When plotting
the laboratory density and velocity on logging data, be
advised that the vertical depths may be off as much as
+ 20 meters.

Logging Program in Sedimentary Rock and Basalt,
Based on Gearhart-Owen Equipment

METHODS

The logging program can provide interpretive data for solutions of
geophysical and geological problems: First, in situ geophysical param-
eters can be provided—sound velocity, density, porosity, electrical
conductivity, and temperature. These data allow a more-integrated
geophysical section to be determined. This integrated geophysical sec-
tion will be at in situ conditions, which are difficult if not impossible
to duplicate in laboratory measurements, and which will allow inter-
pretation of remote-sensing data, such as seismic-reflection and
-refraction data, gravity surveys, electrical resistivity surveys, and
geothermal data. Second, the density (gamma-ray back-scatter) and
porosity (neutron) logging data provide indexes to other physical
parameters and allow the bulk mineral density (grain or matrix den-
sity) of the formation to be estimated statistically, which is the key
(with the aid of sound velocity) to identification of certain sedimen-
tary strata, some ‘‘potential ore deposits,”” and some igneous and
metamorphic rocks. Third, natural gamma radiation (1) generally will
distinguish argillaceous (high-count) formation from non-argillaceous
sedimentary formation, and (2) in basalt is related to the K;O content
or some ‘“‘alteration minerals.”” Fourth, if the porosity derived from
the density log (assuming a 2.7-g/cm? grain density in sediments, and
3.0 g/em’ in basalt) does not match the porosity derived from the elec-
tric logs, then the following types of anomalies may be indicated: (1)
minerals of extremely high or low grain density (different from 2.7
g/cm?), (2) interstitial-water-salinity anomalies, (3) metallic minerals
that are conductors of electricity, or (4) temperature anomalies. The
continuous temperature log will assist in interpreting the electric logs
and potentially locating zones of hydrothermal circulation and zones
of fractured formations, and two or more temperature runs perhaps
will allow a more accurate estimation of in situ temperature. Fifth,
even when continuously coring, it is impossible to have complete core
recovery, and the logging program provides data in the missing gaps,
thus providing a more-representative, integrated geologic section, so
that investigators are not misled by biased core recovery.

The logging tools and interpretation precautions are discussed in
Appendix 1. Where the hole is washed out, the data are not accurate.

The following suite of Gearhart-Owen logging tools were at-
tempted at Hole 462:

1) Temperature log (thermocouple), 3.65 cm in diameter (absolute
and differential temperature, +0.05°C) (successful).

2) Sonic log (bore-hole compensated system, 9.21 cm diameter),
caliper, and gamma-ray log (GR) (unsuccessful).

3) Density log (bore-hole compensated) (CDL), 6.99 cm in diam-
eter, caliper, and GR (successful).

6 Gravimetric measurements were done by J. Rutherford and J. Pine aboard ship.
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4) Induction log and 16-inch (40-cm) normal resistivity (suc-
cessful).

The following suite of Gearhart-Owen logging tools were at-
tempted at Hole 462A:

1) Neutron-log (thermal neutron), single detector and centered
(free, therefore qualitative), 4.29 cm in diameter, and GR were run
through the pipe, drill collars (>6737 m), and bumper ends (6074-
6084 m) to bottom (semi-successful).

2) Sonic log (bore-hole compensated system), caliper, and GR
(semi-successful).

The GR tool is run with each logging run for stratigraphic control.
The GR also allows the density and velocity on two different logging
runs to be correlated, because the depths are not accurate enough,

In general, when interpreting any of these logs, one should consult
Lynch (1962) and a Gearhart-Owen manual to determine what pre-
cautions and data corrections are necessary, and to find the proper
charts in various manuals and perform any needed corrections.

In regard to the sonic tool, Lynch (1962) discusses problems of (1)
large hole diameters and low formation velocities (<2.1 km/s), (2)
noise (high-velocity spikes), and (3) cycle skipping (low-velocity
spikes).

Results

At Hole 462, of the attempted logging suite, only (1)
the two temperature logs and GR; (2) the density,
caliper, and GR; and (3) the induction log 16-inch nor-
mal and GR were successful. However, the data are only
good below 349 meters below the sea floor, because the
hole was washed out above this.

At Hole 462, the guard-neutron-GR and the sonic-
GR logs were capable of logging only the washed-out
portion of the hole (above 349 m), but only the neutron
log was technically successful; because of the washed
out hole, it appears to be of little use or value.

At Hole 462A, a gamma-ray-neutron combination
was run through pipe, drill collars (>6737 m), and
bumper subs (6074-6084 m) to a total depth of 947
meters below the sea floor.

Also at Hole 462A, the sonic, caliper, and GR logs
were run in the open hole from 211 to 1050 meters; how-
ever, the upper (211-390 m) part of the hole was 95%
washed out, and in general the formation velocities were
too low (<2.1 km/s) to be measured accurately with
corresponding large diameter of the hole, as the tool is
centered in the hole. Below 390 meters, all of the low-
velocity layers are subject to the same problems. This
problem is discussed in Lynch (1962). In the basaltic
parts of the hole, noise (as ‘‘high-velocity spikes’’)
(Lynch, 1962) is a serious problem; many obvious ex-
amples with velocities about 7 km/s or greater are ob-
vious artifacts.

The sonic-log data in soft formations may be affected
by disturbance of the drill bit and in sifu temperature
disequilibrium. If these softer formations are drill-dis-
turbed, the in situ overburden pressure could be partly
released (e.g., horizontal expansion).

In Situ Interval-Velocity Estimates

The following in situ velocities were estimated using
the Gearhart-Owen well logs and DSDP laboratory-
measured velocities. Laboratory-velocity values are cor-
rected to in situ conditions, using techniques in Boyce
(1976a). The following intervals may or may not corres-
pond to other lithologic or time units discussed else-
where in this volume:
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Table 16. Physical-property data, Hole 462.

GRAPE
“Special" Wet-
Bulk Density
2-Minute Count

(g/em”) Gravimelric
Compressional-Sound Velocity Heat Wer-Water
, Conductivity Content Porosity
Depth in I n Anisolzopy at 21°C Wet-Bulk  (salt (salt Acoustic
Interval Hole Beds Beds | =4 (1= 41)1L T 2 feal. x 10~ 3} | L Densit corrected)  corrected) Impedance
Core  Section (em) (m) (km/s)  (km/s)  (km/s) (%) (°C) (cmes+ °C) Beds  Beds  (g/cm3) (%) (%o) (g+ 105 /cm2ss) Lithology

1 6 147-149 9.47 — — —_ —_ —_ — —_ — — 73.7 — —_ Interstitial-water sample (1.W.)

5 4 145-147 44,45 = = = - - — - - — 63.3 - — W,
10 4 145-147 91.95 - — — — — - -— —_ — 350 - - LW.
12 6 4-42¢ 11290 — = = —= _ — L — — = = — Disturbed radiolarian 0oze (10YR 5/4)
14 6 16-26 131.76 - - —_ - — 3.00 — 1.625 — — — —_ Nannofossil coze (10YR 8/2)
16 5 0-2 149.00 — — — — — — — — 1.26 69.1 84.7 — Clay (10YR 3/2)
16 5 0-10¢ 149.00 1.565 1.539 0.026 1.69 22 1.81 1.416% 1.43 539 75.1 2.20 Clay (10YR 3/2)
16 5 140-142 150.40 — — _ - — — - —_ 1.65 394 63.3 — Clay (10YR 3/2)
19 5 0-2 177.50 1.548 1.552 0.004 0.26 22 — 1.2847 =2 — — - 1.99 Clay (10YR 2/2)
19 5 0-10 177.51 — — — — 22 1.17 1.258 — — — — - Clay (10YR 2/2)

19 5 122-124 178.73 — - — - - 2.68 1.700 - - — — — Nannofossil ooze (N9)

19 5 142-146 178.92 1.550 — — —_ 22 2.82 1.615 —_ - - — 2.528 Ral:llolarlan nannofossil ooze (10YR 7/4)
20 4 145-147 180.45 - - - - - p— - s — 35.4 —a -
21 2 142-144 193.42 1.596 - — — 22 - 1.665 — 1.63 40.1 63.9 .60 Rad\olanan nannofossil chalk-ooze (10YR 8/2)
24 5 0-38 22500 1.536 1.517 0.019 1.25 22 2,78 1.4928 — 1:51 47.9 70.6 2.29 Nannofossil radiolarian ooze (I0YR 4/2)
25 4 95-97 233.95 1.594 1.6035 -0.011 0.69 23 — _ 1.597 1.56 44.0 66.9 2.50 Nannofossil ooze (10YR 8/2)
26 4 145-147 234,45 — — — — — — - — 27.2 — —_ LW.
28 6 44-54 259.94 = = - = . 3.02h - . — — — — Nannofossil ooze (N9)
28 6 139-142 260.89 - -_ — —_ — 2.56 — — — — — _ Radiolarian nannofossil coze (10YR 7/4)
30 2 149-150 278.99 - — —_ — - — — — — 30.8 — - LW,
32 2 65-67 297.15 137 - _ - 23 - 2.106 - 2. 8.7 17.7 7.01 Nannofossil chalk (N9)
32 4 54-56 300.04 1,648 1. 0.039 242 23? - — 1.789 1.60 39.9 62.2 .51 Nannofossil chalk-ooze (N9)
4 CcC 14-16 315.13 3378 - — — 20?7 - — — 2.12 7.2 14.8 7.16 Chert (laminated, black and tan)
35 1 30-33 323.80 1.644 1.656 -0.012 -0.72 18 - 1.734 —_ 1.70 359 59.7 2.82 Nannofossil ooze-chalk (N9)
36! 1 105-107 334.08 1.656) 1.646] 0.010 0.61 19 (meas.) - — 1.710 1.56 43.99 66.8 257 Nannofossil chalk (mottled, tan and orange)
36 3 0-2 336.00 — = — — — - —_ — 353 — —_ LW.
a7 1 20-30 342,70 — — — — — 2,718 - — — - - — Nannofossil chalk (N9)
7 1 60-63 343.10 1.618 1.609 0,009 0.56 23 — 1.643 1.648 1.64 38.8 62.2 2.64 Nannofossil chalk (N9)
38 1 21-30 352.27 1.672 1.639 0.033 2.01 23 —_— 1.277 1.287 1.32 59.2 T6.4 2.16 Na.nnofusml radiolarian chalk (10YR 6/2)
39 1 4-6 361.54 1.770 1.688 0.082 4.86 24 iz 1.730 1.738 1.70 353 58.6 2,87 fossil chalk (lami d) (N9)
kb 1 50-53 362.03 1.666 1.660 0.006 0.36 24 231 1.506 1.404 1.44 49.5 69.3 2.39 N:l.llnofo&sﬂ radiolarian chalk (10YR 6/2)
42 1 1-12 390.11 4.112 4.049 0.63 1.56 237 — —_ 2314 2.30 5.5 12.2 9.31 Siliceous limestone (N8)
42 1 44-46 390.44 4.819 - — o 237 == —_ 2.56 2.1 5.2 12.34 Chert (5Y 2/1)
43 I 5-7 399.55 5.186 - - —_ 22? - — 2.44 5.2 12.4 12.65 Chert {(brown with white specks) (SYR 3/4)
43 1 15-17 399.65 2.118 — — — 227 — 2.077 1.99 20.4 39.7 4.21 Limestone (10YR 8/2)
44 1 16-18 409.16 2,624 2.581 0.043 1.67 227 - == 2.408 2.29 12.4 27.8 591 Limestone (5Y 7/2)
44 1 7-29 409.27 4.666 — — — 227 -_ —_— - 2.23 9.7 21.0 10.41 Chert (laminated and spotted) (SYR 3/2)
44 1 36-38 409.36 1219 2.882 0.397 13.78 227 - 2.131 -_ — — — 6.14 Limestone (laminated) (5G 6/1)
47 CcC 2-5 437.60 — 2.185 — — 15 - -_ -_ 2.13 16.2 336 4.65 Limestone (10YR 6/2)
47 cC 21-23 437.80 — 4.290 - — 15 — - — - — — — Chert (porcellanite) (10YR 5/4)
48 i 0-2 447.06 — — —_ - — — —_ — — 259 — - LW,
48 1 29-31 447.29 2.004 - - — 23 397 — 1.992 2.11 19.2 39.5 4.23 Sandstone (laminated) (3G 4/1)
48 i 116-118 448.16 2,524 2.406 0.118 4.90 23 - 1.991 — 1.97 19.8 379 4.747 Limestone (5GY 6/1)
48 2 48-50 448.98 1.780 1,753 0.027 1.54 23 _ 1.9387 — 1.747 333 56.67 3.05? Claystone (5GY 4/1)
49 2 25-27 458.25 2.011 1.955 0.056 2.86 23 - 2.037 1.962 2.00 204 39.8 191 Voleanic siltstone (SGY 6/1)
49 2 125-127 459.25 1.919 1.877 0.042 2. 23 312? 1.798 1.791 1.79 27 56.9 336 Limestone (SGY 6/1)
49 3 53-55 460.03 1.969 1.840 0.129 7.01 23 3.947 2.042  2.046 2.02 21.8 42.9 312 Nannofossil chalk (5Y 7/1)
50 2 131-132 468.81 2,190 2.168 0.022 1.01 23 2.80 1.982 1.950 1.96 26.4 50.3 4.25 Volcanic sandstone (5G 6/1)
50 4 i-6 470.53 2.351 2.298 0.053 231 23 2.719 1.978 1.947 1.96 26.0 49.6 4.50 Volcanic sandstone (5G 6/1)
50 5 144-146 473.44 1.825 1.736 0.089 5.13 23 3.08 1.831 1.797 LT7 34 58.7 .07 Volcanic mudstone (5G 6/1)
51 1 98-100 476.48 2,128 2.036 0.092 4.52 23 4 24 4.40 - 2.252 2,18 15.6 jil 4.44 Limestone (5GY 6/1)
51 2 63-67 477.63 1.834 1.755 0.079 4.50 23 = - 1.80 327 57.4 il6 Volcanic siltstone (5G 6/1)
52 1 68 485.06 2.011 1.854 0.117 6.18 23 3 31] 1.880 — 1.80 30.0 52.6 4 Volcanic breccia coarse sandstone (5G 6/1)
52 1 52-54 485.52 1.852 1.780 0.072? 4.04 23 - 1.994 1.994 1.96 24.7 47.4 31.49 Laminated sandstone-claystone (5G 6/1)
52 2 78-81 487.28 2.078 1.981 0.097 4.89 23 == 2.168 _ 2.11 17.9 37.0 4.18 Cal volcanic cl (3G 6/1)
53 1 2-3 494,52 2.127 1.922 0.205 10.67 27 — — 2.236 2.02? 21.8? 42.97 1.887 Claysmnc [ﬂ' 4/1)
53 1 52-54 495.02 1.852 1.780 0.072 4.04 227 - = - 1.89 27.4 50.4 1.36 L 1 siltstc 1 (5Y 4/1)
53 LA & 1-3 497.10 2.262 1.980 0.282 14.24 227 — = 1.992 1.97 20.5 9.6 i.52 Calcareous claystone (5Y 6/1)
54 1 7-9 504.07 1.974 1.900 0.074 189 21 5.12 — 2.242 222 13.6 29.5 4.22 Limestone (5Y 6/1)
54 1 145-147 505,44 2.4007 2.302 0.107 4.65 23 &= - 2.071 2.06 18.3 16.7 511 Limestone (5BG 7/2)
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54 1 148-149 505.48 — — — — — — — — - 3001 — — LW,
54 3 §2-84 507,82 1.9907 21907  -0.200 -9.13 2 4.11 - 2.302 2.20 14.5 o 4.827 Limestone (5Y 6/1)
55 1 B4-86 514.34 2.261 2.122 0.139 6.55 21 4.42 — 2.080 2.16 16.2 4.2 4.58 Limestone (5Y 6/1)
55 2 67-69 515.67 2.395 2.257 0.138 6.11 21 — - 2.056 2,00 21.0 40.9 4.51 Limestone (5B 7/4)
55 3 54-56 517.04 2.526 2.641 -0.115 -4.35 21 4.25 - 1.950 1.95 22.2 42.2 5.15 Limestone (5Y 6/8)
55 5 14-16 519.64 2.083 1.825 0.258 14.14 21 — — 1.696 1.78 33,2 51.5 325 Claystone (5Y 4/1)
56 I 100-102 523.50 1.861 1.676 0.185 11.04 217 2477 —_ 1.800 1.80 320 56.3 3.02 Claystone (10R 2/2)
57 1 135-137 532.85 1.971 1.625 0.346 21.29 217 = — = 1.88 28.6 52.6 3.06 Claystone (10R 3/7)
57 2 102-104 534.02 1.867 1.818 0.049 2,70 217 — —_— 1.874 1.82 30.0 534 331 Siltstone (laminated) (10R 4/2)
57 3 45-47 534.95 1.750 1.728 0.022 1.24 217 2.9 - 1.765 1.73 36.2 61.1 2.9% Sandstone (5G 6/1)
58 | 69-71 541.19 1.860 1.793 0.067 3.74 23 2.70 — 1.624 1.62 37.5 59.5 2.90 Zeolitic claysione (SYR 4/1)
58 i 145-147 — — — — —_ — — _ - - 376 — — LW,
58 4 75-77 545,75 2.001 1.913 0.088 4.60 23 3.4 - 2.022 1.99 21.9 42.7 381 Zeolitic mudstone (S5YR 5/2)
58 4 129-131 546,29  2.388 2.282 0.106 4.65 23 3.88 — 1.926 1.92 2.8 429 4.38 Nannofossil-rich marlstone (2.5YR 8/2)
59 | 45-47 549,95 1.970 1.753 0.217 12.38 23 .01 S 1.839 1.84 28.1 50.6 3.23 Zeolitic mudstone (5YR 5/4)
59 | 63-65 550.13 1.950 1.839 0.111 6.04 23 2.92 — 1.890 1.89 26.5 48.8 348 Zeolitic marlstone (SYR 5/2)
60 | 0-5 558.50 5.292 - - — 23 - 2.687 - —_ — - 14,22 Chert (5YR 4/1)
60 1 12-14 558.62 1.713 _ _ - 23 = 2.015 - — — — 345 Claystone (10R 3/2)
60 I 43-45 558.93  1.765 1.917  -0.152 -7.93 23 — 2.046 — - - — 3.92 Claystone (10R 2/2)
60 2 63-65 560.63  5.154 e = 2 2 3.79 2882k — 2.80 3.0 8.1 14.43 Basalt (cracks) (half core)
60 2 63-65 560.63  5.0460M  5.042M 0,004 0.08 23 — 2.810 — — — - — Basall (cracks) (mini-core)
60 2 78-80 560.78 - 4.290M — — 23 — 2.843 — — - —_ 113717 Basalt (vein parallel o velocity path)
60 2 78-80 560.78  4.049™M - - — 23 - - — — - - - Basall {vein across velocity path)
61 1 48-51 567.98  5.526M 5.465M  0.061 112 19 4.7 2.893 — 2.86 1.8 49 15.63 Basall (cracks)
61 | 126-128 568.76  5.346™ 5332 Dol 0.26 19 — 2.883 - 2.89 1.7 4.9 15.41 Basall
62 I 85-87 577.35 5.863M 5.864M 0.001 0.02 19 7.00 3.073 — 2.88 1.9 5.2 16.9 Basalt {coarse-grained)
62 2 32-34 578.32 4.812™ 4.796™M 0.036 0.75 24 — — - - - — — Basalt
62 Z 109-111 579.09 5.310M 5.275™ 0.035 0.66 19 432 2.872 - 2.98 0.7 20 15:7 Basalt (finc-grained)
63 1 58-60 580.08 —_ 3.113M —_ — 19 - — - 232 15.9 36.1 1.22 Volcanic glass
63 2 2-34 581.32 4.794™ 4.521M 0.273 6.04 19 4.15 2816 —_ 2.567 5.0? 12.4? 11.57 Basalt (near cracks)
63 3 117-120  583.67  4.716™  4.826™ —0.110 -2.28 19 349 2.798 - 2,747 5.57 14.67 13.22 Basalt (cracked)
64 1 105-107 586.55  2.897™M 2.941M  —0.044 -1.50 23 — 2.176 - 2.15 19.0 39.8 6.32 Claystone (5G 2/1)
64 2 113115 588.13 2.415M 2.682M  _0.267 -9.96 23 — 1.926 - 1.94 26.6 50.2 5.20 Claystone (5G 4/1)
64 3 48-50 588.98 4.878M 4.821M 0.057 1.18 23 4.18 2.809 -_ 2.79 4.4 1.8 13.45 Basalt
65 1 38-40 594.88 5.435™ 5.325M 0.110 2.07 23 7.27 2.989 — 297 22 6.5 15.82 Basalt
65 2 7-9 596.07 5.429™M 5.408™M 0.021 0.39 23 4.67 2.940 - 2.96 2.2 6.2 16.01 Basalt
66 1 25-27 599.25 5.415M 5.260M —0.146 =217 19 4.79 2.996 - 297 2.2 6.3 15.65 Basalt
66 1 5-27 599,25  5.8540 — — — 15 - - — - - - - Basall
66 1 25-27 599.25 5.816" — — — 15 — — —_ - = — - Basalt
66 5 61.5-63.5 601,12 5.17m s.mm 0.006 0.12 20 5.10 2934 — 296 2.8 8.0 15.31 Basalt
66 2 61.5-63.5  601.12  5.622" - — — 15 — - — - — — - Basall
66 2 61.5-63.5 601,12 5.7667 — - - 15 — — - - — - — Basalt
66 4 81-83 604.31  5.365™ 5337M 0028 0.52 20 4.70 2.885 — 295 27 19 15.74 Basall
66 4 81-83 604,31 5.699" - — - 15 - - -~ - - - — Basalt
66 4 81-83 604.31  5.5820 — - — 15 - - - - — — - Basalt
66 s 54-56 605.54  5.318™ 5218 (.086 1.65 21 4.63 2.953 — 2.95 2.6 7.6 15.39 Basalt
66 5 54-356 605.54 5.590 — — - 15 — — = - - - Basalt
b6 6 8-10 606.58 5.304™M 5.504™ 0.200 163 21 5.2 299 — 2.98 3 6.3 16.40 Basalt
66 6 E-10 606.58 5.94770 — — - 15 — - i = - - — Basalt
66 6 B-10 606.58 5.8707 — — — 15 _ — — - - - — Basalt
679 1 13-15 606.13 581170 — — - 15 4.52, 4.12 2.951 — 2.96 2.2 6.2 17.20 Basalt
67 2 123-126 608.73 5.795" — — —- 15 5.10,5.39 2.924 — 2.96 2.3 6.7 17.15 Basalt
68 1 24-26 609.24 5.813" - — — 15 — 2.893 - 295 1.0 29 17.15 Basalt
68 2 66-68 611.16  5.948" — - — 15 4.29 2.991 - 2.99 0.8 2.2 17.78 Basalt
68 3 15-17 612.15 59350 — — — 15 97 3.047 — 3.00 0.6 1.8 17.81 Basalt
68 3 102-104 613.02 5.8707 — — — 15 5.06 3.009 — 2.98 0.7 1.9 17.49 Basalt
69 I 24-26 614,24 s — — - 15 6.86 —_ - 290 2.4 6.8 15.14 Basalt (cracked)
69 2 36-38 615.86 5.640" — — — 15 5.31 2973 — 29 1.5 4.2 16.53 Basalt
2 Temperature estimated from time after core was on deck until measurement. The time after core was on deck was esti 1 in hear ductivity meas . Temperature was esti d from the “‘time P e curve'’ and assumes that cores

were at 14.2°C when they arrived on deck.
eg and pge = 2.7 g/em?2 for sedimentary rock, and 3.00 g/cm? for basaltic rock.
€ lmpedance is generally the product of the gravimetric wet-bulk density and vertical velocity.
Vane shear strength = 370.0 g/cm?, remolded = 57.9 g!cmz sensitivity = 7.1,
€ Vane shear strength = 984.6 g/cm2, remolded = 162.2 gfcmi. sensitivity = 6.1.
T Vane shear strength = 393.9 g/em3, remolded = 35.1 g/em?, sensitivity = 11.7.
B Vane shear strength = 289.5 33} m3, remolded = $9.9 g/em2, sensitivity = 4.8,
!" Analog GRAPE = 1.65 g/cm?, 62.7%.
! Analog GRAPE = 1.55 g/cm2, 68.7%.
J Below Core 36, cores were firm; therefore, we waited ~ 2 hours belore velocity measurements. Above Care 36, temperature measurements show that cores were within | 1o 2°C of room temperature.
K All 2-Minute GRAPE on basalt mini-cores are through the axis of the mini-core.
Velocities are on mini-cores and are through diameter of mini-core.
M Mini-core.
" Full diameter (6.6 cm) core, run immediately when core arrived on deck (cores).
© All cores below (and including 67 have velocities measured on the **Tull diameter cores.”
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Table 17. Physical-property data, Hole 462A.

9% 4118

GRAPE
Ilsmia]l' w =
Bulk Density
2-Minute Count
(g/cm”) Gravimetric
Compressional-Sound Velocity Heat Wet-Water
Arieoto Conductivity Content Porosity
Depth in | 1 Py at 21°C Wet-Bulk (salt (salt Acoustic
Interval  Hole Beds Beds |- L (] - L)/L Temp?® (cal x 10”3 | n Densi?( corrected)  corrected)  Impedance
Core Section (cm) (m) (km/s) (km/s)  (km/s) (%) (°C) (cmese°C) Beds Beds (g/cm?) (%) (%) (g+105/cm2ss5) Lithology
1 1 2-3 78.52 1.5098 - - - 184 - — - - = - — Nannofossil coze (10YR 8/2)
1 1 9-12 78.59 1.5298 - - - 189 - - - - - — - Radiolarian ooze (SYR 5/2)
1 1 14-16 78.64 1.5688 = — — 18d — — — - - - - Foraminifer nannofossil ooze (SYR 9/2)
1 1 44-46 78.94 1.5338 — - — 18d - - - - —_ - - Nannofossil radiolarian ooze (10YR 5/4)
2 2 72-74 250.22 1.5928 - - - 194 - B - 1.63 39.4 62.8 2.59 Nannofossil ooze (lump) (10YR 8/2)
2 5 41-42 255.91 — — — — — - — - 1.57 42.0 64.1 - Interstitial-water sample (I.W.)
3 1 1-3 401.51 4.8548 = - - 207 — 24717 - 2.55 1.7 4.1 12.37 Chert (laminated) (N7)
4 1 0-2 411.02 3.8698 - — = 24 — - == 207 6.6 13.3 8.01 Porcellanite (irregular edge) (5G 4/1)
4 1 14-16 411.14 3.5808 - —_ - 24 - - - 234 7.1 16.2 8.38 Siliceous limestone (N9)
4 1 54-55 411.54 5.0168 - - — 24 e - - 2.52 0.8 1.9 12.64 Chert (5Y 6/1)
4 1 66-68 411.66 2.6678 - — - 24 _— —_ - 1.97 11.0 21.1 5.25 Limestone (laminated) (10YR 8/2 10 6/2)
5 1 3-5 420.53  (orientation?) 4.4648 — — 207 — — — 2.58 0.4 0.9 11.52 Chert (quartzose) (10YR 2/2)
5 1 18-20 420.68  (orientation?) 4.8528 - — 207 — — — 2.55 0.7 1.7 12.37 Chert (quartzose) (10R 4/2)
6 cC — 430.00 2.9168 - — - 15 - - - - — - - Limestone (10YR 7/2)
6 cc — 430.05 4.4878 - - - 15 - —_ - - — - - Chert (10YR 2/2)
7 1 39-41 439.89 2.8188 29558 —0.137 -4.64 2 3.01 = - - — — 5.26 Sandstone (calcarenite) (10YR 6/2)
7 2 123-125  442.23 2.8598 26538 0.206 7.76 22 — - - 1.91 14.8 217 5.07 Siliceous limestone (10YR 7/2)
H-3 1 20-22 449.20 2.0968 1.9788 0.118 5.97 21 - - - 2.08 18.8 38.1 411 Claystone (SYR 4/1)
H-3 2 8-10 450.58 27118 2,0518 0.660 32.18 21 5.21 - — 221 14.2 30.7 4.53 Sandstone (5G 6/1)
H-3 2 121-122  451.71 2.0378 2,089  —0.052 -2.49 21 - - - 2.06 18.1 36.5 4.30 Limestone (5B 7/1)
8 1 121-123  488.21 2.2528 2.1268 0.126 6.03 20? - - - 2.14 15.9 331 4.55 Calcareous claystone (5Y 6/1)
8 2 38-40 488.88 1.7678 1.7538 0.014 0.80 207 — - s 1.77 335 59.9 3.10 Volcanic-ash sandstone (5Y 4/1)
8 3 19-21 490.19 2.1898 1.9808 0.209 10.56 20?7 B - 2.040 1.99 22.1 42.8 3.94 Claystone (5YR 4/1)
8 3 134-136 49134 2.6108 2.2798 0.331 14.52 20? 3.9 - 2,193 2.14 16.0 334 4.88 Limestone (5Y 6/1)
H4 2 28-30 498.29 2.8388 2.5438 0.295 11.60 217 5.08 - 2.216 2.20 13.5 28.9 5.59 Limestone (10YR 7/1)
H4 2 110-112  499.10 2.6508 2.3568 0.294 12.48 21 5.42 - 214 2.04 17.4 34.5 4.81 Limestone (10YR 7/1)
H4 3 40-42 499.90 2.1818 2.1448 0.037 1.73 21 4.54 - 2,239 2.2 13.9 30.1 4.76 Limestone (10YR 7/1)
H4 3 67-69 500.17 2.2198 21248 0.095 4.47 21 4.63 - 2.244 2.21 14.0 30.3 4.69 Limestone (I0YR 7/1)
9 1 90-94 516.40 23638 2.0888 0.275 13.17 21 - — - 1.87 24.3 4.3 3.90 Claystone (10YR 2/2)
9 1 129-131 516.79 2.5468 2.4208 0.126 5.21 21 4.09 - - 1.97 19.5 8.9 4.77 Limestone (10YR 6/2)
9 4 17-19 520.17 2.2628 2.1148 0.148 7.00 21 3.81 - - 2.08 18.7 37.8 4.40 Limestone (SB 7/1)
9 6 42-44 523.42 1.8328 1.7368 0.09 5.53 21 - - — 1.81 3.0 54.8 3.14 Claystone (SYR 4/4)
10 1 25-27 525.25 1.8338 1.6718 0.162 9.69 207 - - - 1.76 3.7 57.8 2.94 Claystone (SYR 4/4)
10 2 47-49 526.97 1.8448 1.6448 0.200 1217 207 - B - 1.68 38.5 63.2 2.76 Claystone (SYR 4/4)
10 E) 133-135  529.33 1.9468 1.8228 0.124 6.81 207 - - — 1.85 30.2 54.4 3.37 Claystone (10YR 2/2)
11 1 93-95 535.43 1.9258 1.8338 0.092 5.02 207 — — - 1.83 30.7 54.9 1.35 Claystone (5Y 4/1)
1 1 140-142 535,90 2.0928 2,0558 0.037 1.80 207 - - - 1.88 29.1 534 1.86 Siltstone (laminated) (SGY 6/1)
11 cc 1-3 536.33 1.9258 1.8658 0.060 322 207 - - —_ 1.89 28.1 51.7 3.52 Sandstone (5G 4/1)
12 1 81-83 544.81 1.8268 1.7568 0.070 3.99 207 — — — 1.66 36.9 60.0 291 Claystone (SYR 4/4)
13 1 19-21 533.19 1.9088 1.8318 0.077 4.21 207 = — — 1.88 217 50.9 1.44 Claystone (SYR 4/4)
13 2 65-67 555.15 2.2958 2.0898 0.206 9.86 20? — — == 207 17.6 5.6 4.32 Claystone (laminated) (10YR 2/2)
13 2 93-94 555.93 - — - — 207 - - — 1.80 31.2 54.8 - Claystone (mottled) (10YR 6/2)
14 1 27-29 563.27 2.2898 — — — 15 - = - 1.91 259 48.2 4.37 Claystone (10YR 2/2)
14 2 31-33 564.81 5.280f - — - 15 - 2.798 - - —_ - — Basalt clasts in breccia
15 1 0-5 566.50 2.0858 — = = 15 — 1.796 = — — - 374 Siltstone, laminated
15 1 78-81 567.28 6.300 — - - 15 - 2.984 - 2.99 0.4 1.2 18.84 Basalt (dense)
15 1 78-81 567.28 6.186" — - —_ 15 - — — - - - — Basalt (dense)
15 1 78-81 567.28 5.894¢ - — — 19 - — — — = = — Basalt (dense)
16 1 34-36 572.34 5.915F — - - 15 - 3.000 - 2.98 0.6 1.7 17.63 Basalt
16 1 62-64 572.62 6.091 — - — 15 - 2.979 - 2.99 0.5 1.4 18.21 Basalt
17 1 88-91 574.88 s.812f — — — 15 4.69 I~ - 2.98 0.6 L7 17.32 Basalt
17 2 52-54 576.92 6.090F — - = 15 5.16 2.903 - 2.97 0.8 23 18.09 Basalt (vein)
18 2 15-17 571.65 5.3490 — - - 15 4.49? 2.931 - 282 2.7 7.5 15.08 Basalt (vein)
18 2 60-62 578.10 s.omif — - - 15 - 3.048 - 297 0.7 2.1 17.73 Basalt (2-mm vein)
19 1 34-36 578.34 5.842f — — - 15 - - - 2.97 0.6 13 17.35 Basalt (cracked)
19 2 119-121 580.69 4,657 — — _ 15 - - - 2.69 4.2 11.0 12.52 Basalt (vein)
20 1 27-29 581.27 saf — - i 24 4.29 - - 2.87 L5 43 15.56 Basalt (cracked)
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6.031f
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6.107

6.1540
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5.8801
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2.9818

56770
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2.9657
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18.02
15.24

4,88
16.48
17.47
15.32
15.04
14.38
14,78
15.90
15.53
16.05
17.75
17.33
17.80
18.03
17.80
17.39
17.38

17.88
18.31
15.71
17.04
18.02
18.40
18.51
17.70
16.56

6.33

16.75
17.72
17.98
17.57
17.63
17.55
16.82

6.71
16.52
17.67
17.88
17.86

6.48
7.19
3.68

6.05
5.09
5.01

14,83
16.23
16.91
17.47
17.51
17.90
17.90
15.41
15.93
17.67
16.47
16.98
17.90
17.14
16.65

Basalt

Basalt (cracked)

Claystone (N3)

Basalt

Basalt

Basalt (cracks across velocity path)
Basalt (cracks parallel to velocity path)
Basalt

Basalt

Basalt

Basalt

Basalt

Basalt

Basalt

Basalt

Basalt

Basalt

Basalt

Basalt (velocity path across vein)
Basalt (cracked)

Basalt

Basalt

Basalt (velocity path, across 4-mm vein)
Basalt

Basalt

Basalt

Basalt

Basalt

Basalt veins

Sandstone (SGY 4/1)

Sandstone (5GY 4/1)

Sandstone (SGY 4/1)

Sandstone (SGY 4/1)

Basalt

Basalt

Basalt

Basalt

Basalt

Basalt

Basalt

Volcanic laminated claystone (N3)
Volcanic lami d cl (N3)

Basalt

Claystone (spotted) (N4)
Claystone (spotted) N4)
Sandstone (5G 4/1)
Sandstone (5G 4/1)
Claystone (5G 4/1)
Claystone (5G 4/1)
Sandstone (5GY 4/1)
Sandstone (SGY 4/1)
Sandstone (5Y 4/1)
Laminated claystone and siltstone (5Y 3/1)
Claystone (SYR 3/2)
Basalt (chilled margin)
Basalt

Basalt

Basalt

Basalt

Basalt (cracks and veins)
Basalt

Basalt (cracks)
Basalt (cracks)
Basalt
Basalt {cracks)
Basalt

Basalt
Basalt
Basalt
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Table 17. (Continued).

GRAPE
“Special” Wet-
Bulk Density
2-Minute Count
(g/cm) Gravimetric
Compressional-Sound Velocity Heat Wet-Water
3 Conductivity Content Porosity
Depth in | 1 Anisotropy at 21°C Wet-Bulk (salt (salt Acoustic
Interval Hole Beds Beds | =1 (- 1)yL Temp?® (cal. x 10‘3! 1 L Dcnsilgy corrected)  corrected) Impedance
Core Section  (cm) (m) (km/s) (km/s)  (km/s) (%) (°C) {cmese °C) Beds  Beds  (g/cmd) (%) (% (g=105/cm2ss) Lithology
50 1 18-20 774.18 6.012f - = — 15 4.61 2089  — 2.98 0.8 22 17.92 Basalt
50 4 21-23 778.71 5.549¢ = - A 15 - 2818 — 2.86 1.7 4.8 15.87 Basalt (cracks)
50 6 7-8 781.57 6.124f — — = 15 5.057 2990  — 2.99 0.6 1.7 18.31 Basalt
50 6 124-126 78274 6.0277 == = =5 15 5.29 - = 2.99 0.6 1.6 18.02 Basalt
51 1 16-18 778.66 6.085" - — = 15 - — - 2.98 0.6 1.8 18.13 Basalt
51 2 135-137 78135 5.975" — - - 15 — = - 2.97 0.9 2.5 17.75 Basalt
51 3 67-69 782.17 s.841f — — - 15 4.54 - _ 2.96 1.0 2.8 17.29 Basalt
51 4 20-22 — — — - —_ - —_ 2,449 - — - — — Volcanic glass
52 1 131-133  788.81 s.853f = — G2 15 4.37 2912 — 2.95 0.7 2.1 17.27 Basalt
52 2 118-120 79018 5.920f == = z2 15 4.44 293  — 2.94 0.6 1.6 17.40 Basalt
53 1 25-27 792.25 5.866 == - - 15 - 2952 — 2.93 0.7 2.0 17.19 Basalt (near cracks)
53 2 95-97 794.45 6.052f e - - 15 - 3.002 — 2.94 0.7 1.9 17.79 Basalt
54 I 13-15 797.63 5.9300 — — - 15 = 2994  — 2.93 0.8 23 17.37 Basalt
54 2 30-32 799.30 5.838f - — — 15 - 2.991 - 2.93 0.8 2.3 17.11 Basalt
55 1 48-51 801.48 5.7760 = — A 15 - 2993  — 2.95 0.8 2.2 16.92 Basalt (near cracks)
56 1 129-131  807.79 5.904 = i = 15 - 3011 — 2.97 0.9 2.5 17.30 Basalt
57 1 10-12 815.60 6.085 = = — 15 - 3.063 — 3.01 0.8 2.4 18.32 Basalt
58 1 53-55 825.03 5_313f _— _ —_ 15 5.44 2.946 — 2.96 1.1 3.2 17.38 Basalt
58 3 36-38 827.86 5.6407 = — — 15 — 2998  — 2.93 1.7 4.9 16.53 Basalt
58 4 47-49 829.47 5.5520 — — — 15 — - = 2,92 1.7 4.9 16.21 Basalt
59 1 62-64 834.12 5.948" = = = 15 4.88 2997  — 2.98 1.0 3.0 17.713 Basalt
59 2 57-59 835.57 6.030f = — = 15 4.50 2984 — 2.97 0.8 23 17.91 Basalt
59 3 6-8 836.56 5.956 = — = 15 ~ 2.841 == 2.97 0.8 23 17.69 Basalt (cracked)
59 4 49-51 838.49 6.038 S s = 15 4.55 29718 — 2.93 0.9 2.6 17.69 Basalt
59 5 4-6 839.54 6.006 - s = 15 — 2946  — 2.95 0.9 2.7 17.98 Basalt
59 6 33-35 841.33 5.6547 — — . 15 o - —~ - - - - Basalt
61 1 32-34 B51.82 5_smf — — —_ 15 4.29 2.943 - 293 1.5 4.2 17.05 Basalt
61 2 64-66 853.64 5.734f = — = 15 _- 2948  — 2.92 1.4 4.0 16.74 Basalt
61 3 45-47 854,95 5.8491 = - e 15 - .00 — 2.93 1.1 3.1 17.14 Basalt
61 4 60-62 856.60 s.8s1f e = - 15 4.01 - - 2.94 1.4 4.1 17.20 Basalt (cracked)
62 1 94-96 861.44 5.887f i = 32 15 - 3.001 - 2.95 1.2 3.4 17.37 Basalt
62 2 52-54 86252 5.7781 — — - 15 438 — - 293 17 49 16.93 Basalt (cracked)
62 3 32-34 863.82 5.6390 - — — 15 = — - 2.97 1.1 3.2 16.75 Basalt (cracked)
63 1 124-126  865.90 5.819¢ — — — 15 - 2994  — 2.95 1.4 4.0 17.17 Basalt
63 2 88-90 866.88 5.646" = — = 15 — - - 2.93 1.7 5.0 16.54 Basalt (cracked)
64 2 7-9 871.07 6.086F = — =3 24 5.70 012 — 2.99 0.7 2.0 18.20 Basalt
64 2 121-123 87221 s.anf = = == 24 - 2919 — 2.92 1.5 4.3 15.69 Basalt (vein-cracks)
64 5 27-29 875.77 5.394r — — — 24 — — — 2.91 1.9 5.5 15.70 Basalt (cracked)
65 1 10-12 876.60 5.952f —_ s e 15 4,72 3.033 — 2.95 0.9 2.7 17.56 Basalt
65 2 93-95 £78.93 6.038F - — - 15 4.59 2983 — 2.97 0.8 2.2 17.93 Basalt
65 3 10-12 £79.66 5.8760 . — — 15 - 2985  — 2.97 0.8 2.4 17.45 Basalt
66 1 142-144  884.42 5.962f = — — 15 4.95 — - 2,97 0.9 2.5 17.71 Basalt
66 2 124-126 885,74 5.800f = = = 15 4.40 2914 — 2.98 0.7 2.0 17.31 Basalt
(] 4 91-93 EBE.41 5_995f —_— —_ —_ 15 5.19 2.885 — 29 0.9 25 17.81 Basalt
66 5 62-64 B89.62 5.89]f —_— _ _— 15 5.12 2.993 — 3.00 0.5 1.5 17.67 Basalt
66 6 70-72 £91.20 6.0981 - — — 15 5.08 2977 — 3.00 0.5 1.5 18.29 Basalt
66 7 4-6 892.04 5.992f - — — 15 4.81 3.000 — 2.98 0.7 2.1 17.86 Basalt
67 1 119-121 893,19 6.110f — = = 15 4.7 2984  — 3.00 0.7 2.1 18.33 Basalt
67 3 2-4 895.02 6.1271 i = = 15 5.19 3.025 — 2.98 0.7 2.1 18.26 Basalt
67 7 17-19 901.17 5.954f . — = 15 4.68 2943 — 3.00 0.7 1.9 17.86 Basalt
68 1 48-50  901.48 6.1360 = = == 15 5.14 3.003 — 2.97 0.5 1.3 18.22 Basalt
68 2 7476 903.24 6.2000 - - — 15 4.82 3062 — 3.00 0.4 11 18.60 Basalt
68 4 107-109  906.57 5.934f — — — 15 5.06 3012 — 2.93 0.8 2.2 17.39 Basalt (cracked)
68 5 108-110  908.08 6.1630 — — il 15 i 2961  — 2.98 0.5 1.4 18.37 Basalt
69 1 60-62 910.60 5.6057 = = - 15 = 2929 — 2.93 1.0 3.0 16.42 Basalt (cracked)
69 2 43-45 911.93 5,766 — — B 15 — - = 2.97 0.6 1.7 17.13 Basalt (cracked)
69 3 77-19 91377 5.780f o= = = 15 - .09 — 2.97 0.6 1.8 17.17 Basalt (cracked)
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70 1 121-123  920.22 4.159 - — - 15 4.44 2.984 - — — - 12.41 Slickenside (green)
70 2 71-79 921.27 5.759f - o - 15 — - — 2.95 0.9 2.6 16.99 Basalt

7 1 44-46 928.44 5.374f - — = 15 42 2.925 - 2.92 1.6 4.6 15.69 Basalt (vein)

T2 1 43-45 931.43 57570 - — - 15 — 3.036 - 2.96 LI 3.0 17.04 Basalt

72 2 44-46 932.94 6.0171 - - - 15 - 3.153 = 2.97 0.6 1.7 17.87 Basalt

73 1 37-39 937.37 5452 — —_ —_ 15 — 2.957 - 2.93 1.4 3.9 15.97 Basalt

73 2 19-21 938.69 st —_ _ - 15 —_ 2.89 - 2.94 1.1 a1 16.20 Basalt

7 3 52-54 940.52 5.8961 = — . 15 — 2985  — 2.96 1.0 2.9 17.45 Basalt

74 1 5-7 946.05 5.850¢ —_— — - 24 4.30 3.178 - 2.94 1.3 1.7 17.20 Basalt

74 2 79-81 948.29 5.999f - — - 24 4.84 3.028 = 2.95 11 13 17.70 Basalt

74 3 118-120  950.18 6.071f - - - 24 5.13 2.957 - 2.97 1.1 kN | 18.03 Basalt

74 4 123-125  951.73 5.902 = — - 24 — 2.969 - 2.94 1.3 17 17.35 Basalt

74 5 94-96 952.94 5978F — - - 24 4.16 3.046 - 2.96 1.6 4.6 17.69 Basalt

75 2 31-33 954.81 6.231° 6.256° —0.025 -0.40 21.5 4.87 2,948 - 2.96 1.7 34 18.52 Basalt

75 4 10-13 957.60 - 6.293° — - 21.5 5.35 2.932 —_ 2.98 0.9 2.7 18.75 Basalt

76 1 4345 958.43 5.960° 6.097°  -0.137 -2.25 20 4.84 3.002 - 2.9 11 33 18.23 Basalt

77 1 20-23 967.21 5.874° 5.885° —0.011 -0.19 1M 4.58 3.048 S 2.97 1.1 i1 17.48 Basalt

77 2 70-73 969.20 5.774° 5.761¢ 0.013 0.23 177 - — - 2.97 1.6 4.7 17.11 Basalt

77 2 75-78 969.25 — = = = s 4.75 2.961 - - - o = Basalt

78 1 91-93 976.93 5.948¢ 6.048°  —0.100 ~1.65 21 4.64 2.995 B 2.95 1.5 4.4 17.84 Basalt

78 2 82-84 978.32 5.756° 5.814° -0.058 1.00 21 4.54 2,943 — 2.95 1.2 34 17.15 Basalt (fractured)
79 1 138-140  986.38 5.667° 5.670°  -0.003 -0.05 21 4.44 2.963 - 2.92 22 6.3 16.56 Basalt

79 1 138-140  986.38 5.8000 5.695h 0.105 1.84 21 Basalt

79 2 135-137  987.85 5.582¢ 5.612°  -0.030 -5.35 21 4.47 2.970 — 2.92 1.9 5.4 16.39 Basalt

7 2 135-137  987.85 5.5900 5490 0.091 1.65 21 Basalt

79 5 42-44 991.42 6.029¢ 5.937° 0.092 1.55 21 4.88 3.025 —_ 2.98 1.0 2.8 17.69 Basalt

79 5 42-44  991.42 6.1090 6.0730  0.0% 0.59 21 — - - = — - — Basalt

80 1 30-32 994,30 2.909° 2.934° 0.025 -0.85 21 343 2.269 - 2.22 15.4 334 6.51 Siltstone (N4)

80 1 103-106  995.03 2.947¢ 2.858¢ 0.089 L 21 2.88 2.220 - 2.16 16.9 35.6 6.17 Sandy mudstone (N3)
80 2 68-70 996.08 2.945° 2.940° 0.005 0.17 21 3.17 2.205 — 2.17 16.8 35.7 6.38 Sandy siltstone (SYR 2/1)
80 3 42-44 997.42 5.375¢ 5.435¢  -0.059 -1.09 21 422 2.961 = 2.91 2.0 5.7 15.82 Basalt

81 1 94-96 998.94 . - - — — 4.87 — - - - s = Basalt

81 1 90-92 998.90 6.111¢ 5.950¢ 0.161 2.7 19 — — — 2.98 0.9 2.6 17.73 Basalt

81 3 41-42  1001.41 - - —_ - — 4.44 — —_ - — — — Basalt

81 3 58-60  1001.58 5.817° 5.913°  -0.09 -1.62 19 - 3.066 = 2.98 1.1 3.2 17.62 Basalt

84 1 107-109  1006.57 6.095% 6.144° —0.049 —-0.80 19 4.87 3.007 — 3.00 0.4 1.2 18.43 Basalt

84 3 108-110  1009.58 6.145¢ 5.920° 0.225 3.80 19 4.62 - - 297 1.0 3.0 17.58 Basall

84 5 75-75  1012.25 6.165 6.174°  —0.009 -0.15 19 4.87 2.982 - 3.00 1.0 2.5 18.52 Basalt

85 1 118-120  1015.68 6.066¢ 6.059¢ 0.007 0.12 19 4,74 3.010 - 2.99 1.3 38 18.12 Basalt

85 3 34-36  1017.84 6.227° 6.246°  -0.019 -0.30 19 5.00 2.998 -— 3.00 1.6 4.6 18.74 Basalt

87 1 31-33  1026.31 6.039° 5.994¢ 0.045 0.75 n 4.75 2.973 - 2.97 1.7 4.8 17.80 Basalt

87 2 37-39  1027.87 5.999¢ 6.074°  —0.075 -1.23 2 4.90 3.024 - 2.99 1.6 4.5 18.16 Basalt

88 2 45-48  1034.45 6.104° 6.047° 0.057 0.94 21 5.66, 5.55 2,989 = 3.01 1.2 3.6 18.20 Basalt

88 3 17-20  1035.67 5.961¢ 5.891¢ 0.007 0.12 21 4.51 2,982 — 2.96 1.6 4.7 17.44 Basalt

89 1 62-65  1037.12 6.080° 6.069° 0.011 0.18 20 4.49 2.962 - 2.95 1.7 4.8 17.90 Basalt

89 3 121-123  1040.71 5.560° 5.781°  -0.212 -3.67 20 4.13 2.960 — 2.96 2.4 6.8 17.11 Basalt

%0 1 86-88 104236 5.544° 5.644°  —0.100 =177 21 431, 432 2.956 — 2.96 2.3 6.7 16.71 Basalt

%0 3 78-80  1045.28 5.748° 5.664° 0.084 1.48 21 4.38 2.966 - 2.96 2.3 6.7 16.77 Basalt

%0 4 99-101  1046.99 5.548¢ 5.554¢ —0.006 0.11 21 4,38 2.916 - 2.92 2.6 7.5 16.22 Basalt

2 Temperature estimated from time after core on deck until measurement. The time after the core was on deck was estimated in the heat-conductivity Temperature was estimated using ‘‘time perature curve,"

that cores were at ~ 14°C when they arrived on deck.

og and oge = 2.7 for sedimentary rocks, and 3.0 for basaltic rocks.
CIng , imped = gravimetric density x wvertical velocity.
d Measured.
€ Velocity measured on a mini-core (across diameter).

Velocity measured on a whole core. Basalt velocity on whole core; for Core 16-74, immediately after it arrived on deck.
£ This velocity was d on D-shaped sample after 2 hours (~21°C) at room temperature (24°C).
N Half of whole core, wrapped (2.8 cm).
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Figure 38. Gamma-ray log, induction log, and 16-inch normal electrical-resistivity log from a single wire-
line lowering in Hole 462.
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Figure 39. Caliper (hole-diameter) log, gamma-ray log, compensated density log, and the second
temperature log, Hole 462.
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Figure 40. Laboratory-measured density, wet-water content, compressional-sound velocity, and acoustic im-

pedance, Hole 462.

1) From 0 to 150 meters: Pleistocene to early Mio-
cene radiolarian ooze, foraminifer nannofossil ooze,
siliceous mud, and nannofossil ooze have an estimated
in situ velocity of 1.57 km/s. This is based on labora-
tory velocities, as there are no sonic-log data with this
interval.

2) From 150 to 390 meters: middle Eocene to early
Miocene nannofossil ooze and chalk, radiolarian nan-
nofossil ooze and chalk, and radiolarian ooze and chalk
have an estimated in situ interval velocity of 1.75 km/s
(1.70 km/s is the average if the high velocities of chert
are not included). These velocities are primarily on
laboratory velocities, as the sonic-log data in this inter-
val for the most part appear to be artifacts. However,
the sonic log does suggest the presence of 3% high-
velocity limestone or chert in this interval.

3) From 390 to 447 meters: middle Maestrichtian to
early middle Eocene chert and limestone have an esti-
mated in situ interval velocity of 2.2(?) km/s. This
velocity is based on the sonic log. Laboratory samples in
this interval are only from the high-velocity limestone
and chert (as great as 5.2 km/s) probably representing
biased recovery of hard and more-resistant layers.

4) From 447 to 522 meters: late Albian-Cenomanian
to early Campanian volcaniclastics and limestone have

an estimated interval velocity of 2.3 km/s. This estimate
is from laboratory-measured velocities, as the sonic-log
data (1.8 km/s) may be in part an artifact of the hole’s
diameter being too large to measure accurately the for-
mation’s low velocities (Lynch,1962).

5) From 522 to ~ 560 meters: ?late Santonian to late
Albian-Cenomanian claystone, siltstone, zeolitic marl,
and minor chert have an estimated in situ interval veloc-
ity of 1.94 km/s. This estimate is based on laboratory-
measured velocities, as the sonic-log data may be an
artifact of the formation’s log velocities and corres-
ponding large hole diameters.

6) From ~3560 to ~729 meters: basalt and inter-
calated claystone and sandstone have an estimated in
situ interval velocity of 4.76 km/s. This is a subjective
interpretation of the Gearhart-Owen sonic log: it as-
sumes that the 54.5 meters of sediment has an average
velocity of 2.7(?) km/s, and that the remaining basalt
has an average velocity of 5.78 km/s. Extremely low
velocities (< 2.1 km/s) may be artifacts of the large hole
diameters in the washed-out parts of the hole.

7) From ~729 to 1068 meters (total depth): basalt
and minor intercalated claystone and sandstone has an
estimated in situ velocity of 5.63 km/s. This is a subjec-
tive estimate from the Gearhart-Owen sonic log.
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Figure 41, Caliper (hole-diameter) log, gamma-ray log, and compensated compressional-sound-velocity Log (run
on a single lowering), and gamma-ray and neutron log (both run through drill string, and both on a single

wire-line lowering), Hole 462A.

Comparison of Electric Log to Density Log

As a check on the quality of the density log and
electrical-conductivity log, the porosity derived from
the density log was compared to the induction log at
5640 meters from the rig floor on the log.

1) The formation electrical resistivity (R,) after bore-
hole correction is 3.096 ohm-m.

2) The interstitial water (36%, salinity) has an elec-
trical resistivity (R,,) (after Thomas et al., 1934; pressure
corrections of Horne and Frysinger, 1963) of 0.2248

98

ohm-m at 13.5°C (from second Gearhart-Owen tem-

perature log).
3) Archie’s (1942) equation

F = R,/R, = ¢-2

gives a porosity (¢) of 25%.

4) The compensated density log gives a density of
2.24 g/cm3, which, assuming a grain density of 2.7
g/cm3, represents a porosity of 27%.

5) Therefore, the electrical log appears to be giving
quantitative data relative to the density log.
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Figure 42. Laboratory-measured density, wet-water content, compressional-sound velocity, and acoustic im-

pedance, Hole 462A.

The density log compares very well with density data
measured in the laboratory (GRAPE 2-minute data)
when the latter are plotted over the log, considering the
sampling differences.

The good comparison of the electric log and density
log also suggests that the second-temperature-log data
can be used to quantitatively interpret the electric log. A
cursory inspection of conductivity and density curves
does not indicate any unusual anomalies in the logged
section.

Lithologic Characterization by the Density,
Sonic, and Gamma-Ray Logs

The stratigraphic section is divided into nine units
(which do not coincide necessarily with units discussed
elsewhere in this volume).

1) From 0 to 160 meters, the GR is of low intensity
and is attenuated by the pipe and bottom-hole assembly.
In general, the low GR intensity suggests biogenic oozes
of low ““clay’’ content (early Miocene-Pleistocene bio-
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Figure 43. Gamma-ray log, induction log, and 16-inch normal electrical-resistivity log from a single wire-

line lowering in Hole 462.

genic oozes). A high GR response at 48 to 53 meters may
represent an ashy or more-clayey layer.

2) From 160 to 350 meters, the GR is in general low
intensity, indicating a formation with a relatively uni-
form, low clay content (primarily late Eocene to early
Miocene biogenic oozes). Minor variations of the GR
intensity could represent ‘‘clayey’’ or ashy layers.

3) From 350 to 411 meters, the GR intensity is
greater and more variable than in the overlying forma-
tion, indicating a greater and variable ‘‘clay’’ content
(or greater number of thin ‘‘clay’’ layers). The low den-
sity values (1.5-1.9 g/cm?) represent chalk layers, and
the higher density values represent layers of limestone
and chert, the latter being up to <5 meters thick. (This
interval is early? to middle Eocene.)

100

4) From 411 to 522 meters, the GR varies greatly and
is greater than in the overlying formation, indicating
that this formation has a greater clay content than the
overlying formation and a very irregular clay content,
or that numbers of thin clay layers vary in proportion to
the GR intensity. In general, the density is 2.0 to 2.2
g/cm3; however, high GR counts from 461 to 463
meters indicate ‘‘claystone’’ whose density is 1.7 g/cm3,
(This interval is early Campanian to early(?) Eocene
limestone, chert, and volcaniclastics, with wide varia-
tion in density and ““clay’’ content, or number of thin
“‘clayey’’ layers.)

5) From 522 to 532 meters, low-density (1.7 g/cm?)
claystone is indicated by high gamma-ray count. High
gamma-ray count may also be related to organic-car-
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Figure 43, (Continued).

bon-rich or zeolitic lithologies. The 522-meter horizon is
near the Santonian/Campanian boundary, and the in-
terval is Santonian(?).

6) From 537 to 549 meters, a low-density (1.7-1.9
g/cm?) layer has a moderate GR intensity, indicating a
formation with medium clay content (or a medium
number of thin clay layers). This interval is Santonian
claystone, zeolitic claystone, siltstone, and mudstone.
The Santonian/Coniacian boundary is near 549 meters
and appears to be marked by a GR change.

7) From 549 to 561 meters, the high GR intensity in-
dicates a ‘‘clayey’’ formation (or greater number of thin
clayey layers). This interval is Cenomanian to late Al-

T 1 I % T
300 -1
350 I~ =
- 4
-4

0 2000 0
. ey d

bian(?) zeolitic claystone, nannofossil radiolarian marl,
chert, and claystone.

8) From 561 to 565 meters, the 2.7 g/cm?® density
suggests a sedimentary formation such as limestone or
marlstone. However, the cores recovered basalts; there-
fore, the layer is probably fractured 2.9-g/cm? basalt.
The GR is higher than lower basalt (below 565 m), sug-
gesting either greater K,0 content, greater clay content,
fractures, or some other form of alteration.

9) From ~ 565 to ~ 1068 meters, the low-GR, high-
density (2.9 g/cm?) layer and the high-velocity layer
(>4 km/s) are basalt, sedimentary interbeds being indi-
cated by high GR counts, low density (1.7-1.9 g/cm?),
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Figure 43. (Continued).

and low(?) velocities (< 4.0 km/s). Thirty-two per cent
of the section appears to be sedimentary in the upper
565 to 729 meters of the basalt sills, whereas below 729
meters the basalt-sill section appears to have about
5%(?) sedimentary material,

The high porosity, neutron log, low density log, and
low sonic log in some parts of the basalt section may in-
dicate fractured zones. Sill units are indicated at some
depths by increasing and then decreasing velocities (with
increasing depth), by the lab data, and by the sonic log;
and in some cores, by increasing and decreasing density

102

on the analog GRAPE (462A, Core 22 is a good exam-
ple), which appears to directly correspond to grain size.
In a given lithologic unit where the mineralogy is sim-
ple (such as clay and carbonate) and where porosity is
similar throughout, the GR can be calibrated to estimate
percentages of clay (or other GR contributions):

GR, = GR intensity in the non-clayey material
(e.g., pure chalk, ooze, or limestone).
GRy = GR intensity is the ‘‘clayey’ material

(e.g., claystone, shale, etc.).
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Figure 44. Caliper (hole-diameter) log, gamma-ray log, compensated density log, and the second

temperature log, Hole 462.

GR,
E

any GR on the log.
empirical calibration curve for each
lithologic unit.

o

The estimated per cent of clayey minerals is given by

E GRy — GR, (formation) % 100.
GRy — GRy

The unit from 161 to 351 meters is too low in GR to do
this, but the unit from 351 to 561 meters might be
calibrated as follows (assuming that the high GR is not

related to other radioactive sources, such as authigenic
minerals at unconformities, or hydrothermal deposits):

I

1 API unit
70 API units

GR,
GRy

Therefore, percentage of ‘‘clay” in that section may be
estimated by the expression:

E ( 70 API — GR. (formation)) % 100.
70 API — 1 API
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“\

This relationship could be calibrated for basalt, for GRw — GRe
example, if the K,;O content or alteration material is NK0 = E l:—H——] X 100.
significant: GRy — GR,
GRy = GR intensity in high K,O content (K,O In summary, the GR could be calibrated empirically
measured). to measure variations of a variety of mineral constitu-
GR; = GR intensity in low K,O content (K,O ents,
measured). Unconformities sometimes are marked by higher
GR, = any GR count in the basalt section. gamma-ray counts. This could be related to (1) a lower
E = calibration curve for each basalt unit. sedimentation rate, so that more authigenic radioactive
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Figure 44. (Continued).

ions can be concentrated, or (2) dissolving of carbonate,
giving more ‘‘clayey’’ material along an unconformity
than in the overlying formation (where the sedimenta-
tion rate may be higher). These are generalities and
there are many exceptions.

Gearhart-Owen Temperature Log

Two Gearhart-Owen temperature logs were run. The
first soon (11-13 hours) ceased after circulation, and the
second after 42 to 44 hours. These runs were (1) to
detect any permeable fractures and hydrothermal cir-
culation in the basalt section (to know if heat is trans-
ported by convection of hydrothermal water or by sim-
ple ‘‘heat conductivity’’ of the rock), (2) to help calcu-

late a “‘true’’ in situ temperature with the results of both
temperature logs. Another primary reason for the sec-
ond logging run is to approximately measure the hole
temperature, so that the electric logs can be interpreted
properly.

The following data permit calculation of ““true’” in
situ temperatures:

1) At 2305 hours on 5 June 1978, we stopped drilling.

2) At 0100 hours on 6 June, we stopped circulation
(485 barrels of mud were pumped at 0415 hours).

3) The first temperature log started at 1203 hours on
6 June and ended at 1403 hours in the bottom of the
hole. (The probe was left about 8 minutes to be certain it
had reached equilibrium.)
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Figure 45. Laboratory-measured density, wet-water content, compressional-sound velocity, and acoustic im-

pedance, Hole 462.

4) Above 349 meters, the hole is washed out; there-
fore, data above this point are questionable.

5) The second temperature log started at 1900 hours
and ended at 2100 hours on 7 June 1978 (it remained on
bottom about 10 minutes).

The first temperature log found a high-over-low tem-
perature anomaly (while going down the hole) in the
basalt section suggesting some combination of the fol-
lowing: (1) convection of the mud in the hole, (2) flow
of warmer formation water from the basalt into the
hole, causing a high temperature anomaly, (3) flow of
hole fluids into permeable fractured basalt, causing a
negative temperature anomaly, or (4) fracturing of the
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basalt, the drilling fluids cooling the fractured portions
of the basalt more than the massive portions.

The bottom water is ~1.4°C, and the temperature at
608 meters (second temperature log) in the hole was
22.4°C.

Uyeda Temperature Probe

METHODS

Temperatures ‘‘ahead’’ of the drill bit (temperature could be af-
fected by the cooling effects of circulation during drilling) were
measured with the Uyeda temperature probe (theoretical precision and
accuracy +0.05(?)°C). This probe measures and electronically stores
temperatures at 2-minute intervals while being lowered and inserted
into the formation at the bottom of the hole.
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Figure 45, (Continued).
Results

Only three measurements are valid: (1) 8.4°C at
133.5 meters; (2) 10.7°C at 181 meters; and (3) 12.3°C
at 219 meters. In this interval, an average temperature
gradient of 45°C/km was obtained.

Another set of three measurements (using a different
thermistor) gave anomalous results and 2.0 to 4.3°C for
1.9°C bottom-water temperatures (as measured in the
first set of data). This will be subject to further study.

The temperature gradient is related
follows:

g 4=
K D, — D,
where
g = heat flow (ucal/cm?).
T, = temperature at 200 m (°C).

SITE 462

to heat flow as
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Figure 45. (Continued).

T, = temperature at 100 m (°C). then

D, = depth of 200M (cm).

D; = depth of 100M (cm). Site 462 heat flow = 1.15 ucal/cm?

K = heat conductivity of the formation = [2.56 x 10-3 cal/(cmesec °C)]
[10-3 cal/ (sececm+C ®)] [45°C/km]

The gradient of 45°C/km corresponds to a heat flow However, the formation conductivity is determined us-
of 1.15 ucal/cm?, which compares well to a predicted ing porosity values of disturbed sediment, which may or
typical heat flow value of 1.1 ucal/cm? (Lee and Uyeda, may not represent accurately the in situ formation. Cal-
1965). culation and assumptions of the conductivity are dis-

Because cussed below.

The formation conductivity value between 100 to 200

T — T meters was determined as follows: the average analog

= <_'_‘_3) (K) GRAPE density was 1.6 g/cm?, and by assuming a
2.7-g/cm? grain density a porosity of 65% can be de-
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Figure 45. (Continued).

rived. However, when overburden pressure is released,
the porosity here will increase by about three porosity
units (Hamilton, 1976); therefore, we subtract 3% from
65%, obtaining a 62% porosity under in situ conditions.
Our conductivity-porosity measurements at Hole 462
are compatible with the ‘“‘porosity-conductivity”’ dia-
gram in Nafe and Drake (1963); thus, for a carbonate
section, using the Nafe and Drake (1963) diagram and
62% porosity, we obtain an average conductivity value
of 2.60 cal/(cmesecs °C) under laboratory conditions.
This was corrected (—1.5%) to 2.56 cal/(cmesecs°C)
under in situ conditions (Bullard, 1963; 25°C to 10°C
= —4%; and from one atmosphere to 500 kg/cm? =
+2.5%; therefore, a total —1.5% correction must be
applied to the laboratory-determined conductivity).

Comparison of the Uyeda temperature data cannot
precisely be made to the Gearhart-Owen continuous
temperature log, because the hole was washed out seri-
ously in the interval of interest; however, the change in
slope seen on the Uyeda probe (depth/temperature plot)
can also be seen in the Gearhart-Owen temperature log,
but this could also be an artifact of the hole conditions.
The Uyeda probe read 1.9°C for bottom water, whereas
the Gearhart-Owen log read about 1.4°C.

CORRELATION OF DRILLING RESULTS
AND SEISMIC DATA

Seismic profiling on Glomar Challenger during Leg
61 was carried out with Bolt 20- and 120-in.? air guns,
firing at 10-second intervals. The EDO #2 recorder was
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Figure 46. Caliper (hole-diameter) log, gamma-ray log, and compensated compressional-sound-velocity log (run
on a single wire-line lowering), and the neutron log and gamma-ray log (both run through drill string, and

both on a single wire-line lowering), Hole 462A.

run with various delays, using the 40- to 160-Hz filter
setting, and the EDO #1 recorder was run on a 10-
second sweep, using the 10- to 80-Hz filter setting. Fig-
ure 49 is an enlarged version of the EDO #1 record,
made as Glomar Challenger approached Site 462 at
6.7 knots from the north-northwest, The correlations
shown to the right of the seismic profile are based
on shipboard Hamilton-frame velocity measurements,
from which interval compressional velocity (V) values
were derived; on lithologies encountered in the continu-
ous coring program, and on natural gamma/compen-
sated density/caliper logs; drilling rates were also taken
into account.

From 0 to 0.19 seconds sub-bottom, the record shows
numerous parallel, closely spaced reflectors, probably
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(acoustic artifacts aside) the result of numerous, thin,
distal turbidite layers consisting of foraminifer-rich
basal portions that grade up through nannofossil oozes
into light-brown radiolarian oozes. These turbidites
range up to 8 meters in thickness. At 0.19 seconds,
which corresponds to a sub-bottom depth of 150 meters,
there is a change in interval ¥V, from 1.57 to 1.75 km/s,
and an unconformity of middle Miocene age. However,
neither the interval V, increase nor the unconformity
appears to be identifiable in the seismic record. In the
interval 0.31 to 0.35 seconds, a relatively transparent
layer exists, roughly corresponding to the transition
from calcareous ooze to chalk in the cores of Oligocene
age between 216 and 243 meters, and to a slight density
increase on the compensated density log (which may be
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Figure 46. (Continued).

an artifact, because the hole was washed out). Whereas
minor porcellanite and chert occurrences were noted
between 300 and 380 meters sub-bottom, the major
chert build-ups in limestone were first drilled at 390
meters in strata of early Eocene age. This major chert
section is obvious in the compensated density log. The
390-meter level was picked on the seismic profile where
a subtle change in reflector character is seen at 0.46
seconds. This is at the top of a high interval V, of 2.20
km/s. The bottom of this 2.20-km/s interval corre-
sponds to the 0.52-second pick on the seismic profile,
but surprisingly there is no obvious change in reflector
spacing or character. Between 0.52 and 0.58 seconds
sub-bottom is a slightly higher-velocity interval of 2.30
km/s, the top of which is near the Mesozoic/Cenozoic
boundary and the first appearance of a sequence of vol-

caniclastic sandstone, siltstone, and zeolitic claystone of
Campanian to early to middle Maestrichtian age at 447
meters sub-bottom. The bottom of the 2.23-km/s inter-
val at 522 meters sub-bottom in strata of early Campa-
nian age corresponds to the 0.58-second pick on the
seismic profile, where a slight change in the thickness
and spacing of the reflectors is seen. Between 0.58 and
0.62 seconds sub-bottom, there is a low-velocity interval
of 1.94 km/s that extends from 522 to 560 meters sub-
bottom; it is occupied by zeolitic mudstones and well-
laminated orange and black shales and mudstones of
Cenomanian to early Campanian(?) age. At a sub-bot-
tom depth of 560 meters, basalt sills intercalated with
shales and mudstones were drilled to total depth at 617
meters. The sill top was picked at 0.62 seconds sub-
bottom, where a major change in reflector intensity and
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spacing can be seen. At this level, the reflectors lose
their high degree of parallelism, and when traced across
the seismic profile they show considerable relief.

The sub-bottom time picks for the Glomar Chal-
lenger seismic profile were transferred to the Kana
Keoki seismic profile run during the site survey for Site
462 (Fig. 50). This air-gun profile was run at a filter set-
ting of 30 to 100 Hz, but a larger gun was used. The
0.46- and 0.52-second picks correspond to the same
picks on the Glomar Challenger record, and could pos-
sibly correspond to the 2.20-km/s interval on the Glo-
mar Challenger record, which is interpreted to be the
390 to 447-meter interval which extends from the top of
the major chert horizon to the top of the volcaniclastic
sandstone and siltstone section. The 0.58-second pick
fits the lowest relatively flat horizontal reflector, at the
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top of the 1.94-km/s zeolitic shale section that lies
above the sills at 560 meters. At 0.62-seconds, the reflec-
tors are broken and irregular, indicating the top of the
sill and intercalated shale-mudstone section at Site 462,
which extends to the total depth 617 meters.

We believe that the true basement, the surface of the
presumed 148-m.y.-old plate, is not to be seen on either
the Glomar Challenger line or the Kana Keoki line.

The Kana Keoki line passed 0.5 nautical miles north
of Site 462 and was run on a course of 067°; the Chal-
lenger line was run on a course of 145° over the site. The
two lines therefore are nearly perpendicular to each
other.

Refer to Wipperman et al. (this volume) for a dis-
cussion of depth-velocity relations derived from
ASPER work and refraction shooting, using ocean-
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Figure 46. (Continued).

bottom seismometers and sonobuoys during the site-
survey operations on Kana Keoki.

SUMMARY AND CONCLUSIONS

Introduction

The following text synthesizes the major scientific
results of drilling at Site 462 in the Nauru Basin, Certain
other topics are discussed in the previous sections of this
site report. For conclusions and summaries of results
concerning detailed biostratigraphy, organic geochemis-
try, physical properties, and seismic correlation, the
reader is referred to these sections. The last part of the

following text contains speculations concerning the
areal extent and thickness of the mid-Cretaceous vol-
canic complex in the western central Pacific Ocean
basin, and its relation to the Late Jurassic magnetic-
anomaly pattern of the Nauru Basin. Caveat emptor.

Sedimentation and Stratigraphy

Sedimentation in the Nauru Basin since at least Ceno-
manian time has been dominated by deposition of tur-
bidites from surrounding highs (Fig. 1). As shown in
Figure 14, faunas from shallow-bank and reef environ-
ments, as well as faunas from deep-water environments,
have been redeposited in the Nauru Basin. Turbidite
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Figure 46. (Continued).

sources must have included the Marshall Islands, the
Ontong-Java Plateau, and the eastern Caroline Islands.

Three major sedimentary units were delineated at Site
462 (Fig. 51):

1) 0 to 297 meters; calcareous and radiolarian oozes
and chalks, mainly of turbidite origin and of Oligocene
Or younger age.

2) 297 to 447 meters; cherts, chalks, and limestones
of Eocene to Maestrichtian age.

3) 447 to 599 meters; volcanogenic and zeolitic sand-
stones, mudstones, and limestones, extending down into
the sill complex.

Sediments found deep within the sill complex are
discussed in the section on igneous petrology.

The present water depth of the Site is 5180 meters,
and it therefore lies well below the CCD. The normal
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“‘background”” sediments are brown-red clays. How-
ever, Unit 1 is made up of turbidites 0.1 to 8 meters
thick. A typical turbidite is made up of a basal layer of
white foraminifer-nannofossil ooze that grades up into
light-brown radiolarian ooze, which in turn is capped by
brown pelagic clay. Within Unit 1, the ooze/chalk tran-
sition lies between 230 and 250 meters. Much of the
fine-fraction CaCQ; in the form of small planktonic
and benthic foraminifers and nannofossils probably has
its origin in the highly eroded northeast face of the On-
tong-Java Plateau. The bathymetry of Site 462 (Fig. 4)
shows turbidite and levee features, indicating flow into
the area from the southwest.

Against this general background of turbidite oozes
and chalks, two less common but significant lithologic
contributions are found in Unit 1, ash and shallow-
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water sand. The ash is found in Cores 4, 5, and 6, and
also was indicated by a modest increase in the drilling
rate at the bottom of Core 5. Judging from inspection
of the first-run gamma-ray log, we believe that the prin-
cipal ashy interval is between 44 and 50 meters.

The ashy component is brown within radiolarian
ooze, and greenish-gray within carbonate ooze. Yellow-
brown glass, glass partly altered and crowded with opa-
que dust, feldspar, pyroxene, and some amphibole are
the components from volcanic activity nearby. Perhaps
they record the growth of Kusaie Island, the eastern-
most and apparently youngest of the Caroline Islands
chain. Kusaie is the island closest to Site 462, lying
about 260 km to the southwest.

Sands of shallow-water origin characterize parts of
Cores 21, 22, 29, 32, and 34 and are thickest at about
210 meters sub-bottom. According to the gamma-ray

SITE 462
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and density logs, the principal interval is at 207 to 212
meters. The carbonate component of the coarse fraction
is a mixture of chalky-lustered, recrystallized, highly
abraded fragments of large foraminifers, mollusks, echi-
noid spines, calcareous red algae, corals, and, rarely,
bryozoans. Rare fragments of white to pale-yellow
calcite spar are also present. Identified large foramini-
fers include Heterostegina spp., Spherogypsina sp.,
Chapmanina(?), discocyclinids, and nummulitids. Core
22 was especially rich, containing, among other large
foraminifers, alveolinids, Cyclocypeus, lepidocyclinids,
etc.

This assemblage is Eocene in age, but also contains
Paleocene and Cretaceous redeposited elements. The as-
semblage indicates an origin in a reef to shallow-bank
environment. In thin-section, intensely recrystallized
and strongly calcite-cemented rock fragments contain-
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Figure 47. Laboratory-measured density, wet-water content, compressional-sound velocity, and acoustic

impedance, Hole 462A.

ing the above-listed fossil elements are seen. This indi-
cates that lithified reef rock, as well as individual skele-
tal fragments of Eocene age, was transported into the
deeper-water Oligocene facies. A similar event took
place during Oligocene time in the Line Islands (Win-
terer, Ewing, et al., 1973).

Volcanic grains are another component of the sand.
They are mainly lithic grains (commonly vesicular and
opaque to transmitted light at their greatest thickness),
but vitric and crystal (pyroxene) grains are also present.
Like the lime sand, they are detrital. Probably they rep-
resent times in the Oligocene when the Marshall Islands
atolls were above sea level, and foraminifers of prob-
able Eocene age and volcanic rock were eroded from the
tops and submarine slopes of the islands. The Ralak
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Chain of the Marshalls lies about 230 to 400 km north-
east and east of the site (Fig. 1), and the unnamed group
of the Marshalls (containing Enewetak Atoll and nu-
merous closer atolls, seamounts, and guyots) is the same
distance to the northwest. Enewetak Atoll was emergent
during the Oligocene.

Unit 2 is essentially a diagenetically advanced and
older version of Unit 1. Turbidites dominate this lime-
stone-and-chert unit. The cherts are the normal types
encountered at many DSDP sites. At 447 meters, there
is a fairly sharp break in the type of sedimentation,
from the dominantly calcareous Unit 2 to a volcani-
clastic-rich Unit 3.

Unit 3 embraces the time interval between late Cam-
panian/early Maestrichtian and Cenomanian. The top
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Figure 47. (Continued).

of the unit comprises light-olive-gray to pale-yellow
nannofossil chalks and limestones. These sediments,
which contain considerable percentages of unspecified
carbonate, traces of volcanogenic grains, and very
sparse radiolarians and sponge spicules, are interpreted
as a pelagic product in which the amount of redeposi-
tion has been modest.

Interbedded and intermixed with these ‘‘host’’ lithol-
ogies are a series of greenish-gray to greenish-black vol-
caniclastic sediments. These deposits are perhaps the
most striking feature of this unit; they display a range of
sedimentary structures: tabular and trough cross-lami-
nation, horizontal and parallel lamination, angular and
scoop-shaped scours, and pebbly mudstone conglomer-
ates whose clasts range up to 2 cm in length. Grading is
obvious in many of the volcaniclastic sediments, and

one bed, attaining a thickness of 2.55 meters, fines up-
ward from a dark-greenish-gray, granular base to a
greenish-gray, burrow-mottled, clay-rich nannofossil
limestone. Slump structures, both within the scale of the
core itself and apparently extending over several tens of
centimeters, characterize particularly the basal levels of
the volcaniclastic sediments; inclined bedding, up to 30°
from the horizontal, is present locally. The basal part of
the volcaniclastic section comprises a matrix-rich vol-
canic breccia (‘‘wackestone’’), where sparse altered
mafic clasts are enveloped in bluish-gray clay. Volcanic
glass, heavy minerals, radiolarians, sponge spicules, fish
remains, and clay constitute the fine fraction.
Associated with these volcaniclastic sediments are a
variety of shallow-water skeletal grains. In Core 48-2, of
Maestrichtian age, abraded tests of large benthic fora-
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Figure 47. (Continued).

minifers (including Pseudorbitoides, Vaughanina, and
Asterorbus), are found.

In Core 51-3, of late Campanian age, the coarse-
grained carbonate components are a poorly sorted mix-
ture of small (<1 mm), unidentifiable calcite frag-
ments, large foraminifers, echinoid spines (rare), frag-
ments of white to yellow calcite spar and mollusk shells.
Many of the large foraminifers are relatively well pre-
served, but most, like the echinoid spines, are thickly
coated with clear to white and yellow, subhedral calcite
crystals. There is a striking contrast between well-pre-
served (slightly chalky), large foraminifers and calcite-
coated forms that appear to have been broken out of
calcite rock. Identified large benthic foraminifers in-
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clude Vaughanina sp., Pseudorbitoides sp., and am-
phisteginids. In Core 52, rudist fragments were found.

These shallow-water fossils of Maestrichtian to late
Campanian age indicate that shallow banks within the
photic zone existed, probably in the Marshall Islands
area, as noted above. The presence of calcite-cemented
material mixed with the free individual foraminifer tests
suggests that these banks may have emerged, and that
subsequently fragments of these emergent limestones
mixed with co-existing reef and fore-reef material in the
turbidites.

The coincidence of redeposited fossils of Campa-
nian-Maestrichtian age in deeper-water facies of the
same age at Site 462 and at Sites 165 (Leg 17), 315, and



Wet-Bulk Density Iw’mzl

SITE 462

Compressional-Sound Velocity
@ = Parpendicular to bads

Gravimetric = @ Wet-Water Content & = Parallel to beds Rnonnirél mpedance
GRAPE 2-minute Count =[ {wr. %) (km/s) lgfem®.s) x 1
— 1 2 3 50 0 2 3 4 5 6 1] 20
r T — T ¥ uﬁ- T 3 LN L R e T E- LI e A | ¥ P i
HOLE 462A Be g b %
(x -] a o el
. - e o &
¥ 8 S §
[ 4
| % 8 v B o8
(€]
% k] £ %
o
™ & s 8 an = o ¢

E I
4
£ 700
£ e B e
3 L
2 o
(e =]
L fi::]
B o Cg
8 8
- a
B
2
750 = %
aE
i a
L 8
<]
L wma
]
- a
L &
800 ;B

Figure 47. (Continued).

316 (Leg 33) in the Line Islands indicates that during
Campanian-Maestrichtian time shallow-water carbon-
ate banks and reefs existed over a wide area of the cen-
tral Pacific Basin.

The volcaniclastic sediments, with their associated
fauna, are clearly redeposited, and because many of
them display features typical of Bouma sequences they
readily may be interpreted as turbidites. The matrix-rich
volcanic breccias probably were formed by deposition
from a plastic, mobile mass—possibly a debris flow. It
is possible that the original texture was more granular,
and that considerable in situ devitrification of glass to
clay minerals has taken place. All these volcaniclastic
sediments presumably reflect synchronous nearby vol-
canism.
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Below the volcaniclastic sediments are light-olive-
gray claystones to limestones, typically in sequences that
are calcareous and laminated at the base and pass up-
wards into more-clay-rich, burrowed tops. Above this
burrowed level, zeolitic claystones, usually consisting of
pale-bluish-green and pale-brown layers (2-3 cm thick)
are typically developed. The olive-gray limestones to
claystones here are interpreted as redeposited material,
and the zeolitic claystones as the product of background
pelagic sedimentation. Farther down the section, the
thickness of the zeolitic claystones gradually increases,
and colors of grayish-red and reddish-brown dominate
over the pale-bluish-green hues. Olive-green claystones
die away downward until the pale-reddish-brown, zeo-
litic claystones to siltstones, locally evincing faint hori-
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Figure 47, (Continued).

zontal lamination, become the dominant lithology.
Traces of radiolarians, sponge spicules, fish teeth, and
nannofossils constitute the fauna and flora. Occa-
sionally, beds of greenish-gray, horizontally laminated
volcaniclastics are interbedded (Core 57, Section 3, and
core catcher). Near the base of the section, green mot-
tles and calcite veins occur, and horizontal lamination is
common; a nannofossil marlstone is recorded from
Core 58, Section 4. Core 59, also zeolitic mudstone
(with nannofossils in Section 1) is dominantly reddish-
to light-brown, but contains horizontal, millimeter-scale
laminae colored dark yellowish-orange, moderate brown,
and grayish-green. Most significant perhaps are inter-
bedded reddish-brown and greenish-brown horizontal
laminae and a distinct black horizon. Zeolitic mud-
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stone, containing a piece of moderate-brown porcellan-
ite is in contact with basalt.

The zeolitic mudstones presumably represent altera-
tion products of fine-grained volcanic material which
has undergone modest redeposition; the former pres-
ence of siliceous organisms, tentatively identified in
smear slides, is supported by the presence of chert.

The grayish-brown to black sediments, dated at
about the Cenomanian/Turonian boundary, are intri-
guing in that similarly colored, coeval, organic-rich
sediments are recorded from a variety of locations
within the major ocean basins and in pelagic sections on
land.

The discovery at Site 462 of redeposited bank and
reef skeletal debris of Campanian-Maestrichtian age is
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Figure 47. (Continued).

of considerable interest. It shows that the Marshall
Islands, the logical source of this material, have a Creta-
ceous shallow-water-reef history comparable to the Line
Islands. Prior to Leg 61, our knowledge of the age of
the Marshall Islands was confined entirely to the results
of the Enewetak drilling; there, basalt was reached be-
low middle Eocene reefs. We must now assume that per-
haps drilling at Enewetak stopped in post-Cretaceous
basalt flows and that the Cretaceous reef was not
reached.

Igneous Petrology

Site 462 is the location of a mid-Cretaceous volcanic
complex at least 500 meters thick that presumably over-
lies sediments and volcanic basement of Late Jurassic
age. The mid-Cretaceous volcanic section drilled at Site

462 represents a voluminous outpouring of basalt
magma. The total volume of lava is uncertain, because
the thickness and lateral extent of the complex is not
well known, although it may well fill the Nauru Basin.
The volcanic complex is a huge, non-edifice-building,
off-ridge outpouring of basalt magma. As such, it is
both unique and enigmatic.

The volcanic complex is made up of single sills,
multiple sills, extrusive or semi-extrusive flows, and hy-
aloclastic sediments. The upper 170 meters of the com-
plex, from 560 to 730 meters sub-bottom, is made up of
interbedded single sills, multiple sills, and hyaloclastic
sediments. The single sills are characterized by (1) glassy
margins or fine-grained marginal zones with sub-hori-
zontal attitude, and (2) orderly, coarsening-inward
grain-size variations, coarse-grained interiors, and dia-
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All Leg 61 GRAPE analog computer data have been edited for publication.
[ ¢ For Leg 61 Analog GRAPE data, all rock diameters were measured by hand,
usually one measurement per 5-cm core segment. Some of these core segments
are very rough and irregular; therefore, when these diameters (and assumption
of offset from the gamma-ray beam, as described by Equation 36 in Boyce,
3 1976b) are applied to the raw GRAPE data, then the resulting adjusted data
(dotted lines) are subject to huge errors, particularly when small irregular-
diameter core segments are scanned and the calculated (Equation 38) offset is
incorrect. The unadjusted GRAPE data are plotted as a solid line, with
“diameter-adjusted’’ data presented as a dotted line. This allowed the obvious
errors to be corrected by hand. More importantly, this presentation allows
investigators to manipulate the data. Investigators interested in the density of
a specific layer or rock piece should check the sample diameter from the core
photographs and make the appropriate diameter corrections as discussed in
Boyce (1976b).

e

FPVTY (PORPERE) HSUTIEY ICWE: W) (PSIPU Pl DRPINIP) (S S Y

NP PO
I

1

o

..
vl b

w

N L el pa

-~
-~

o
-]

MNote: The upper scale is GRAPE Wet-Bulk Density (1.0 to 3.0
g.-‘cm3l: solid lines (———) are GRAPE analog data, assuming a
6.61-cm core diameter; dotted lines (++++++) are GRAPE analog
data adjusted for actual core diameter; circled (| ® ) dots are the
- wet-bulk density calculated from 2-minute counts on a stationary
sample; scale to be determined by selecting the proper grain den-
(PETETTSTIe AN S URY | i T i e ) (FETETTTET PPN RN, | sitv{rg}andextrapolatinghorizontallv.

A\

P I R P FTUTE TWaT
|
e ol
| INITETE AT SO e B

P P e

T
1
I

. il .
MW

ATIRTNE

lisaal
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Figure 48. (Continued).
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Figure 49. Correlation of drilling results and seismic data.

basic textures. Their thicknesses range from a few tens
of centimeters to over 50 meters. Multiple sills are more
difficult to distinguish, but where fine-grained to glassy
apophyses are present, multiple intrusion can be demon-
strated on a small scale; on larger scales, it has been in-
ferred from the presence of alternating fine-grained and
coarser-grained units which lack glassy margins.

The upper part of the sill complex in Hole 462 con-
sists of intercalated igneous and sedimentary units, the
latter largely hyaloclastitic. Four of these were found in
Cores 63, 64, 65, and 66, between 580 and 606 meters
sub-bottom (Fig. 9). The first, stratigraphically highest
of these horizons is a grayish-black to black, waxy clay-
stone with relict hyaloclastite texture, containing abun-
dant zeolites and fragments of dark material which may
be either organic or Fe-rich material. Chemical analysis
of the material (XRF) reveals a composition very similar
to that of the enclosing sill, except for an elevated Mg
content. The second and thickest of these sedimentary
intervals comprises greenish-black siltstones to clay-
stones which are horizontally and cross-laminated. The
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component particles are chiefly altered volcanic glass set
in a matrix of clay that probably resulted from terminal
devitrification of an igneous precursor, The material at
65-1, 0-20 cm is essentially identical to this; that at 66-1,
0-16 cm, however, is grayish-red and grayish-blue-green
volcaniclastic claystones containing some fish debris.
The above-described sediments presumably are rafts
or relict layers of considerable lateral extent, enveloped
during emplacement of the basic sill; therefore, they are
likely to have undergone considerable thermal meta-
morphism. The stratigraphically highest intercalation,
with its black, waxy character, is similar to dark Ceno-
manian sediments that lie directly above the sill; these
are inferred to have been deposited under reducing con-
ditions. The grayish-red and grayish-blue-green volcani-
clastic claystones, perhaps the product of an oxidizing
environment, may be pre-Cenomanian. These remarks
are, however, entirely unsubstantiated: much would de-
pend on whether the intrusion had merely pried apart
the sediments, or whether any material had been assim-
ilated. Redeposition has clearly operated during forma-
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Figure 50. Kana Keoki seismic run, 0.5 miles north of Site 462,

tion of the cross- and horizontally laminated, greenish-
black siltstones that constitute the two central intercala-
tions. For example, in Hole 462A, Core 20, which is
roughly equivalent to Cores 62 and 63 in Hole 462, vol-
caniclastic sandstones and siltstones show abundant
grading, cross- and parallel laminations and soft-
sediment deformation.

The middle 200 meters of the volcanic complex, from
730 to 930 meters, consists of sills similar to those
described above, interbedded with extrusive or semi-
extrusive flows. No sediments were recovered in this in-
terval. The flows have the following characteristics: (1)
variable but small thickness (0.3-2.0 m) of units; (2)
thick (up to 4 cm) glassy margins on upper and lower
contacts; (3) fine grain size throughout, but a patchy ap-
pearance which results from mixed textures; (4) variable
attitudes of glassy margins; dips of glassy margins range
from horizontal to vertical; contorted shapes, often
with re-entrant surfaces are common; (5) cooling cracks
normal to glassy surfaces are ubiquitous, and numerous
cracks are present in the interior, crystalline portions of
units; these interior cracks do not display preferred
orientation; (6) inclusions and thin apophyses of fine-
grained material in more-coarse-grained basalt, which
suggest turbulent flow and mixing within cooling units.

These characteristics and the total lack of sediment
inclusions leave little doubt that these units were ex-
truded directly onto the sea floor; however, they have
none of the characteristics of pillow lava. They lack (1)
radial cooling fractures, (2) concentric structures, (3)
regular curved surfaces, (4) interior hollows or vugs,
and (5) inter-pillow matrix material. The mode of extru-
sion of these flows could be either: (1) slabby pahoehoe
type, or (2) a series of shingled, lobate, narrow advanc-
ing flow fronts similar to pillow lava, but extruded more
rapidly.

From 930 to 1068 meters (total depth), generally sill-
type basalts were recovered, except for about 3 meters
of volcaniclastic sediments at 994 to 998 meters, de-
scribed below. The sills in this interval are generally
thicker than those above and consist of fine- to medium-
grained diabase. Below 1000 meters, the basalts are
finer grained, having textures ranging from variolitic to
subophitic to intergranular or intersertal. They may
represent an intercalation of sills and flows, although no
contacts were recovered.

At 994 meters below the sea floor, below 428 meters
of almost continuous diabase, 239 cm of volcaniclastic
sediment was recovered at 79-6, 80-1, and 80-2. The
uppermost portion of this unit, at 79-6, is grayish red,
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Figure 51. Columnar sections at Site 462, showing cored intervals, lithologic units, interval seismic velocities, and ages.
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and the lower portion, in Core 80, is various shades of
dark gray and brownish-black. Sandy and rarely pebbly
siltstone occurs. This unit exhibits evidence of scour,
parallel and cross-laminations, and three obvious in-
stances of graded bedding, becoming finer upward from
fairly sharp contacts. Between 42.5 and 62.5 cm in Sec-
tion 80-1 is a conglomerate layer. The matrix of this unit
is the same kind of sandy siltstone described above. The
clasts are angular, oriented parallel to bedding, made up
of “intraformational’’ material, and average 5 to 8 mm
in size. The largest clast, at 55 cm, measures about 20 x
5 mm. Rarely, basalt pebbles occur as clasts, but no car-
bonate material was observed. The coarsest material in
this layer occurs near the middle, from 51 to 56 cm, the
grain size grading both up and down to coarse-sand size.
Underlying the conglomerate is 117 ¢cm of generally
homogeneous sandy siltstone containing rare coarser
and finer laminae. A second conglomerate, also con-
taining angular clasts, occurs between 59 and 65 cm in
Section 80-2. The clasts are “‘intraformational’® mate-
rial, average about 5 mm in size, and ranging up to 15
mm. Boundaries of this unit are rather abrupt. The
lowest unit in this sequence is 46 cm of sandy siltstone
containing faint parallel layering at 1- to 2-cm intervals.
At the base of this unit is a 1- to 2-cm interval of lighter-
gray material, and on one corner of the lowest piece
(80-2, 101 cm) is a small amount of black, vitreous
material.

Several smear slides taken along this unit reveal the
sediment composition: almost entirely (95% +) very
angular, shard-like, clear to olive-colored grains of
smectite (nontronite?). Trace amounts (1-2% each) of
glass, feldspar, and opaque minerals also occur. No car-
bonate grains were observed. One thin layer (80-1, 18
cm) contained Barremian radiolarians, fish debris, and
an agglutinated-foraminifer assemblage. This assem-
blage indicates bathyal to abyssal depths of deposition,
Thus, these oldest fossils, of Barremian age, recovered
at Site 462 show that the Nauru Basin was perhaps 5 km
deep at that time, approximately 30 m.y. after forma-
tion of the underlying basement at the site. Such a depth
is not inconsistent with the depth predicted by an ex-
ponential subsidence curve.

Petrographically, the basalts are aphyric to sparsely
phyric and have a few phenocrysts of clear to light-
brown augite, zoned bytownite to labradorite, and oc-
casionally olivine pseudomorphs, usually altered to
green smectite. Sideromelane and augite are also often
replaced by smectite. Opaque minerals are generally
represented by titanomagnetite. Textures range from
glassy to variolitic to diabasic, all intermediate textures
being represented. In the thicker sills, patches of distinc-
tive granophyre-facies mineralogy appear. These patches
usually consist of intergrown quartz and potassium feld-
spar micro-pegmatite, many patches also including a
colorless, acicular, prismatic phase which could be
apatite.

Fracturing is common in the basalts. Most of these
fractures are filled with veins containing one or more of
the minerals pyrite (and marcasite), zeolite, calcite,
magnetite, chlorite, various smectites, and a green clay-
like mineral.

SITE 462

At least two major types of post-solidification altera-
tion have probably affected the rocks: (1) sea-water
alteration, which has resulted in the precipitation of
smectites, calcite, zeolite, sulfides, SiO,, Mn-Fe hy-
droxides; and (2) late-magmatic or deuteric processes
which have resulted in the production of micro-pegma-
tite, amphibole, and possibly chlorite, quartz, and Fe-
oxide mineralization.

About 150 samples from Holes 462 and 462A down
to 953 meters were analyzed for Si, Al, Ti, Mg, Fe, Ca,
and K, and about 15 for Mn and P, using shipboard
XRF techniques. All analyzed samples have chemical
compositions very similar to those of altered mid-ocean-
ridge tholeiite, like those reported widely in the Initial
Reports of previous DSDP legs, and elsewhere. The
rocks display a narrow range of TiO,, K,0, MgO, Ca0,
and SiO,, but unusually large variation in the abun-
dance of Al,0, and FeO in the light of the narrow varia-
tion of the other major oxides. Few of the inter-element
correlations which are the hallmark of abyssal tholeiite
(K-Ti, Mg-Fe, Mg-Ca, K-Ca, etc.) are observed in the
rocks of Hole 462A. Those which are observed, such as
TiO, versus FeO/MgO, display a scatter much greater
than normal for oceanic tholeiite, and the abundances
of TiO, for a given Fe/Mg are different than those
usually observed. Another significant difference be-
tween the rocks of Hole 462A and mid-ocean-ridge
tholeiite is the extremely low K,O abundance of the
former. Many of the analyzed samples have K,0 abun-
dances which are comparable to those of dunite.

Holes 462 and 462A are separated by about 500
meters, and some igneous correlations can be made be-
tween the two holes. There is little doubt that the thick
sill at the bottom of Hole 462 is the same sill at Hole
462A between 605 and 656 meters. In addition, some of
the sediment horizons encountered at similar sub-bot-
tom depths in both holes may be continuous between
the holes. It is clear, however, that most of the thin sills
of Hole 462 do not extend laterally to Hole 462A. Many
of the thinner sediment horizons also appear to ‘‘lens
out.”

This pattern suggest significant three-dimensional
lithologic heterogeneity on a scale of less than 500
meters. However, since the chemical compositions of
the uppermost basalts in each hole are very similar, it is
probable that they are closely related temporally. They
even may have been fed by the same major conduit.

Paleomagnetism

Late Cretaceous sediments were measured on the
shipboard Digico spinner magnetometer and demag-
netized with the Schonstedt AF demagnetizer in an at-
tempt to isolate the top of the Cretaceous long normal-
polarity interval in Nauru Basin sediments.

Sampling of time-equivalent sections of early Cam-
panian through Cenomanian age in Holes 462 and 462A
shows the presence of the reversed interval correspond-
ing to Anomalies 33 and 34, the end of the Cretaceous
long normal-polarity interval. In addition to the rever-
sal, there is a peculiar deviation of inclinations just pre-
ceding the termination of this reversed period. Its occur-
rence in both cores in precisely the same stratigraphic
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position suggests that it may be a real feature of the
magnetic field. Scattered inclinations from Site 462
cores suggest a paleolatitude of 7°S in early Campanian
to Santonian time. Sparse sampling through the Ceno-
manian suggests a steepening to 10° or more.

The mid-Cretaceous volcanic complex was sampled
continuously to determine its magnetic properties. A

500

Hole 462A

plot of NRM intensity, susceptibility, stable inclination,
and petrology versus depth is shown in Figure 52 that
summarizes these results. The basalts show a generally
strong NRM intensity that increases with depth and be-
comes scattered toward the bottom of the hole. The
NRM inclination also steepens in this fashion, pointing
to an increase in drilling remanence associated with the
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lower part of the sill complex. The sills in the upper part
of the section do not show this pronounced drilling
remanence, for no apparent reason. The most accurate
estimate of NRM intensity probably comes from the in-
terval between 564 and 875 meters: 0.005 to 0.010
emu/cm?.

Although the basalts are relatively strongly mag-
netized, this magnetization is rather soft, median
destructive fields of the finer-grained rocks ranging
from 80 to 120 Oe, and those of the coarser-grained
samples from 20 to 70 Oe. This demagnetization lowers
the NRM inclination from very steep up-hole values to
‘‘stable’” inclinations that average 30 to 50° up. Many
of the samples have directions that will not stabilize, but
continue to decrease in inclination as stronger demag-
netizing fields are applied. An inclination range of 30 to
50° corresponds to a paleolatitude of formation of 16 to
31°S, in general agreement with reconstructions by
Lancelot and Larson (1975) for this region during the
mid-Cretaceous. Also in agreement with the mid-Creta-
ceous age of the complex is its ubiquitous normal mag-
netization, except for one sediment sample in Core 80,
at 994 meters. This volcaniclastic material is unam-
biguously oriented and reversely magnetized. Although
it is volcaniclastic, adjacent pelagic material is Barre-
mian, so the possibility exists that it is included material
that is considerably older than most of the volcanic
complex. Except for this sample, the sediments have
stable inclinations well within the range of the igneous
rocks. They are also characterized by relatively strong
NRM intensities and MDFs considerably larger than
those of the basalts.

Susceptibility is relatively larger and generally ranges
from 1.0 to 1.5 x 10-3. There is often a distinct ten-
dency for susceptibility to correlate with petrology, ex-
trusive sequences showing considerably lower suscepti-
bility than sill-type basalts.

In summary, the magnetic properties of the volcanic
complex suggest that it was emplaced in a relatively
short time on the Pacific Plate, at about 25°S, sometime
during the mid-Cretaceous normal magnetic interval.

Regional Geology and Geophysics

Site 462 in the northern Nauru Basin is the location
of a mid-Cretaceous volcanic complex at least 500
meters thick composed of sills, flows, and volcaniclastic
sediments. It presumably overlies Jurassic-aged sedi-
ments and oceanic crust, as evidenced by the well-sub-
stantiated magnetic-anomaly correlations in this area. It
is likely that this volcanic complex is present throughout
the Nauru Basin, and it may extend to adjacent regions.
Within the Nauru Basin, we correlate the presence of
the volcanic complex with seismic-profiler records that
show many flat-lying, low-amplitude reflections be-
neath the middle Eocene chert horizon. These flat-lying
reflectors obscure the original basement surface, which
presumably has the form of smoothed, buried, abyssal
hills typical of other areas of sea floor generated at fast
spreading rates. The Nauru Basin is also characterized
by a lack of refracted arrivals observed on sonobuoys,
and a thick unit of 3.5- to 4.5-km/s material measured
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with wide-angle reflections. Explosives shot to ocean-
bottom seismometers recorded an abnormally thick
layer (~2.5-3.0 km) characterized by upper crustal
““Layer 2"’ velocities (~ 5.0-6.0 km/s). These character-
istics are probably due to propagation of acoustic en-
ergy through the volcanic complex, the underlying Ju-
rassic sediments, and Jurassic basement at Site 462.

The Cretaceous volcanic complex at Site 462 prob-
ably is between 500 and 1000 meters thick. It is likely
that it thickens to the south, as evidenced by a smooth,
uphill, southerly gradient that cannot be explained by
age progression along a cooling curve, nor by litho-
spheric flexure near a subduction zone. The sea floor
shoals by about 700 meters from anomaly M26 at Site
462 to anomaly M16 near Nauru Atoll, 500 km to the
south. We interpret this shoaling as a thickening of the
mid-Cretaceous volcanic complex that is substantially
greater than the change in depth if the complex is in
isostatic equilibrium.

Late Jurassic magnetic anomalies M29 to M20 are
well-lineated, high-amplitude anomalies that exhibit the
fine-scale features and characteristic amplitude envel-
ope that make them recognizable lineations on a world-
wide scale (see Larson and Schlanger, this volume).
Although the sea floor trends uphill across these linea-
tions, both the sea floor and the middle Eocene chert
horizon remain as relatively smooth surfaces. South of
M20 are anomalies M19 to M16, which are lineated but
anomalously low-amplitude features; they also lack
characteristic small-scale features and uniform cross-
sectional shapes. The sea-floor and middle Eocene chert
surfaces in this region are rough, apparently covering
faults or small seamounts formed during the culmina-
tion of the mid-Cretaceous volcanic event. This thicken-
ing of the sill complex presumably has disrupted the
underlying oceanic crust enough to deform the Late
Jurassic magnetic signature.

Besides the Nauru Basin, the mid-Cretaceous vol-
canic event likely is present in other areas. The Ontong-
Java Plateau to the west has Aptian basalts sampled at
Site 289 that are similar in chemistry to the Site 462 ig-
neous units. No obvious fracture zone, ridge, island
chain, or other tectonic feature offsets the Nauru Basin
from the Ontong-Java Plateau, so it is at least con-
sistent with the available evidence that they represent
the same volcanic event. To the east, across the Mar-
shall Islands, drilling at Site 169 bottomed in a mid-
Cretaceous sill likely related to the same event. The
island chains themselves, such as the Marshalls, Gil-
berts, and Line Islands, may represent slightly later
culminations of the mid-Cretaceous outpouring. The
Mid-Pacific Mountains and the ‘‘basement’ of the
present-day Caribbean also appear to be related to this
mid-Cretaceous volcanic event. Thus, this event appears
to have regional, if not worldwide, significance (see
Schlanger and Premoli Silva, this volume; Larson and
Schlanger, this volume).

Returning to the mid-Cretaceous volcanic complex at
Site 462 and the well-defined Jurassic magnetic anomaly
pattern of that region, it may well be asked how these
two features can co-exist in the same area. Although the
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volcanic complex is strongly magnetized with mid-Cre-
taceous remanent magnetization, we do not believe this
is difficult to explain if viewed simply as a magnetic pro-
blem. Since the volcanic complex was emplaced during
the mid-Cretaceous, it is uniformly and normally mag-
netized. It presumably extends over a broad area, and
thus can be approximated as a uniformly magnetized
slab that is horizontally infinite. Such a body will pro-
duce no magnetic anomaly, regardless of its remanent
magnetic intensity, because no magnetization variation
exists in any horizontal direction.

The crucial, unanswered question raised by Site 462 is
the manner in which this large volume of volcanic mate-
rial was subsequently injected into this area without
disturbing the existing, well-defined magnetic-anomaly
pattern. The igneous units at Site 462 are generally thin
and fine grained to glassy, indicating emplacement at
shallow depths, in close proximity to source conduits.
Thus, the volcanic complex could not have its sources
tens or hundreds of kilometers away and cannot be ex-
plained as having flowed in from a large horizontal
distance to simply cover the underlying oceanic crust. It
must have source conduits within the site survey area
(100 x 100 km), which is the location of magnetic
anomalies M26, M27, and M28. These anomalies are
well lineated, and no fracture zones, offsets, or sea-
mounts disturb the anomaly pattern.

The simplest and least-disruptive manner to fracture
the Jurassic basement to provide local magma conduits
is probably doming and tension cracking associated
with thermal uplift that accompanied the Cretaceous
event. If this occurred as simple pull-apart rifts, with lit-
tle or no dip-slip displacement, it would at least appear
possible that the fracturing could have occurred without
significant disruption of the magnetic structure of the
country rock.

The manner in which these Cretaceous dikes cooled is
crucial, because oceanic basalt can be demagnetized at
low temperatures (100-150°C) if heat is applied for long
enough periods of time (10-100 yr) (see Larson and
Schlanger, this volume). Thus, conductive cooling of
these Cretaceous dikes alone will thermally demagnetize
much of the adjacent Jurassic basement. It is possible
but unlikely that the Cretaceous volcanic complex had
only a few source vents, because that would require the
unlikely coincidence that Site 462 is fortuitously located
next to one of them. We suspect instead that the Nauru
Basin was pervaded by stress cracks and dikes, and that
convective cooling by sea water admitted through these
tension fractures was also required to maintain the
Jurassic basement below its magnetic blocking tempera-
ture for extended periods of time. The questions raised
by the coexistence of the Cretaceous volcanic complex
with the Jurassic magnetic-lineation patterns are con-
sidered in more detail by Larson and Schlanger (this
volume).
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Plate 1. Typical subophitic texture, Section 462A-74-4 (width of pho- Plate 4. Typical variolitic texture, Section 462A-77-2 (width of photo-
tomicrograph = 3 mm). micrograph = 3 mm),

Plate 2, Typical intergranular texture, Section 462A-90-5 (width of Plate 5. Close up of variolite, Section 462A-89-2 (width of photo-
photomicrograph = 3 mm). micrograph = 0.5 mm).

Plate 3. Typical intersertal texture, Section 462A-79-2, (width of pho- Plate 6. Plagioclase phenocryst in intergranular matrix, Section 462A-
tomicrograph = 3 mm). 81-1 (width of photomicrograph = 3 mm).
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Plate 7. Olivine pseudomorph in intersertal matrix, Section 462A-
77-1 (width of photomicrograph = 3 mm).

Plate 9. Contact of zeolite-bearing vein with basalt, Section 462A-90-
1 (width of photomicrograph = 3 mm).

Plate 8. Interstitial glass, Section 462A-88-2 (width of photomicro-
graph = 3 mm).
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SITE 462 HOLE CORE 5  COREDINTERVAL: 33510480 m SITE 462 HOLE CORE 6 _ CORED INTERVAL: 480ta576m
BIOSTR. | FOSSIL BIONE [chanAcT.
ZONE  |[CHARACT. wl> 2| @ W ’E "
2 gzl H B e R
£ g § L?I’T!%ng\f é % g LITHOLOGIC DESCRIPTION w g @ aF £ LEE%PLPSEY % g §.... LITHOLOGIC DESCRIPTION
o
CHEEIAE (- AL el 2 |35|5|3[2|8]%| & e
< |z [2|8| 5 2|85 = EAEE HEREIEEE B
A E] = glZ = o =% il2|le|a|2|x sd
P -t = L-‘-_I_-‘-_I_,J_ 0.0-38.0 m. ASHY NANNOFOSSIL OOZE: greanish gray (50 B/11
e 7 ;
e —— — 0.04.0 m, RADIOLARIAN DOZE: dark yellowish brown [10YR 472, O with Bocal smears of white, 10 ern al bane bs codeser grou
'\-—':,,:"—_,;_-‘\ moderately to slightly motted brownish vellow (10¥R /6], clay-rich, 55 L'L_JI:J'j:_L :;::_5 ,,,_;:::m“.m OOZE: groenish gray (10GY 5/2), locally
- I o L5 —L erate L
z T e biE AN HGRCRL HOREE e pales teown (10YR 7731, 4 4~ 4552 0. NANNOFOSSIL 0OZE: nuary whits (NO), withlih
£ Jor= = = n 13 (1o 10YR B/2); 1 -1 L . wway [NB) to light greenish gray {5GY /1) motting
g' 1 == -~ ::::‘i::‘r:‘-dul‘:lﬂl ng diapirs of lighter tints (1o 10Y and parts 5 L_"LJ__L_L. Bt ms RADIGLARIAN COZE: w1 3828 o sbove:
H P S e = . " e [ Dl St £ 5.76.3 m. NANNOFOSSIL DOZE: a3 in 4.6-5.2 m above.
M o ) 61506 m. RADIOLARIAN DOZE: dark yallowish brown e, e, Gradational Contact .
fu oeftuge N [10¥R 7/6). Considerable caicarsous companent below 8.2 m, in - L‘L_l.."__l_ 6388 m. NANNOFOSSIL OOZE: vory pale neange [10YR 8/2)
Ao Mrregular deformed masses, Considerable carbonate and glass in =3 L'L'_A."'..L-"
£ i o ikt i o B oy SMEAR SLIDE (%]
2 s et P2 el B Bl \ = A
3 o e Rl SMEAR SLIDE (%) M = | R I i1
[ o -1 B iyt Sonell By £
== I - e REE
7 i oo =) ‘Ei § 2 ] L—‘-_I_J-J_—l— : 3
2 Jo e~ S oy S = 0 bl B Mg E :E H
. = 3 8 Pl Sty ¥ 2 g
S e H £3 g“ Ea S el ! et | L
A ot a8 23 : o M et TEXTURE AND 170 371 440 de
I T A o s MINERALS: o ol ([T
T= = = L, L L 5 20 1
122 o2 T TEXTURE AND 180 3142 480 550 E S Fome o S 5
I gt MINERALS: 1] () [ 1D} gt ] ot F:
e 5 L) 30 as 2
B icaicay Sandd vis 5 . 20 20 4 B e il | 5 = Tr
e Gl Silt nize B0 5 50 60 S | S St Hewry minarals - 1 - =
by B W Clay zize 16 30 20 o el S g & ! =
b o ey 5 g Lol ey 1 Volcanic glass s W T
- e g:;swr g o H E L'I'.I_J'-I-L I i 1 iy
o == A o 2 T -
EEastaeN Wwrmeww - S = § s ool . Geaiy- R W oo =
Ll I et Valeanic glas - - = T S [ e Cale. amnctowils 62 60 88 Tr
] e Palsgonite - - - Tr s e R T latoems Tr Tr - =
E b = Carbonate g - - 20 - a5 l=18 = | Radiolaria 5 k! 5 5
, 4 4 Foraminifara - 10 - a|olE S [P tadrey Soonge spicules 3 R -
= G et Pyl B Cale. nannolossits - 95 60 - |Z|5 o e wiper e ) Siicofiageltates T = ks Tr
_ = o % gl Erzge? Diatoms 0 05 T 15 Elz|= g e Y i L - ™ -
] = S TS g i s por e i W1 Flan remaine
8 & py & Sl Dl adiolanis 50 ?5 B 2 o
ERE i I T Sponge speciles 16 | 5 2 B e R ot
z |2 = el M Byl Silico laguibatas T - B 3 oM b g S Sl " SMEAR SLIDE (%}
= z il B ey Uil B Fith romain = 2 - 1 jn | S Nt
S e S gl o [ S i €
@ H Bt Bt By 3 . L =
5 TRl Mgrerd. SMEAR SLIDE (%) = a e | ; ’
4 - J—_L-‘— H b s ! g !
T . = 5 £5 b e g o | . ® " B
3 St Al Bl U 3 g i e
E e gl e Bl 5 ig 53 E_.EE == —— |
3 TE £ 3 5 o 1 T il
] 5 ER L e St TEXTUREAND 511 683 cC
el % E 3 £33 cpete = 1 . MINERALS bl D (D)
1 z E 28 b Sand sive 2 5
B TEXTUREAND  BS)  B120 710 CC o g g l st R on ®
- 4 lay i 0 20
F=== MINERALS: D) o W o L Sy £ B &
. Sand sizn 25 40 25 30 o gl Sl | Heavy minerals - -
Silt sizn 40 25 40 5 i e T TR Volcanic glass
5 - Clay sige 15 0 50 30 Ml o o Ty | . Zeolite -
] Clay 5 5 4 - c T Carbionats unip, - E
o Feldipar = - 1 e et Bt | Foraminitera 5 2 5
- Heavy mineraks - 3 S Wepryrs H Cale. nannafossils ™ 98 B4
7 Velcanic glass = - - 5 e et Diatoms Tr - -
Q o te = - - o B et Bt B | Radiclaria Tr Tr 05
Carbonate unsp. - 1 ~ 40 ".I_'l' rd i Sponge spicules 1 - 05
[ e Sty Foraminitora - 1 10 15 1 R oeT te Bane Siticafiagellates - - -
. ey o Cabe. nannotossils - 15 50 H by o Pipored) S B Fish ramaint - = =
pu e Penon s Diatoms 15 6 H T o
= = Radialaria 76 60 £ 5 = i gt et |
4= - Sponge speculey 5 3 2 3 2 g B
6 - iy Sdicollageliates Tr T - - 3 T [
T Fith remains T 1 1 - il Mrecp! Vagm
= —— ] 'L_l. A |
2 Bt
| 1 wvoio
il | 2 (N
| . M!Fdl 0 OO [ T i =




Sl

SITE 462 HOLE CORED INTERVAL: 575t 67.0m SITE 462 HOLE CORE 8 CORED INTERVAL: 67.0 to 76.5 m
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—l:_’_'—lv—_‘_-i; o NANNDFOSSIL FORAMINIFERAL DOZE: pinkish gray 5Y# 8/1) e a- meherats brown (5YR 4/4], calcaneous ooze s vory pale oranges
e g 10 pirikish white (SYR 9/1). 2l soupy from intarse diilling disturtance 05— —— —~ 1| (107 8/21, all are moderataly 1o intamsely teformed by drilling
== =—40 Below 2,0 m the core i richer in foraminifers and i more “sandy™ in b Vb o ey . giving “dinpir-like” srchad contacts and stroaked matties.
L _|_|_|_‘.$ O texture 1 dre o ] I 5455m. Lumpy, clay-rich SILICEOUS CALCAREOUS Bﬂzs
T = 1o lithic volcaniclastic, probably ASH: mixed pale arenge (10YR 8/2),
i, —— ]y =t == —H dushy by (5YR 2/21.
o, e o ' SMEAR SLIDE (%) b S =S =Nl . 5556 m CALCAREQUS QOZE: s shons
I:g_. == —H0 & g o i, et 6.65.7 m. Core-Catcher ardd this interval same o5 5.4-5.5 m abovr,
20 g g § e
B e i 52 3} I e [ SMEAR SLIDE (%) 4
== 3 B B = = e . . i
o e s I Fooosd | iz & s
Fo=EE=do i B 33 i . T ] |, s g & g2 !.% =
2| Jo——Hp TEXTURE AND 100 2100 300 ce 2 | gEmeemyerds !‘3’ 32 8F ] gy
e g ey MINERALS 1o} (L] 1) ] £ g B i EE H ‘E 3 5B
cM —=—t=—10 . Sand size 20 0 ) 30 H s o g | LER i 23 33
o R Sitsize 0 5 50 50 o e o et it
EEEsso w8 B OB OB 5 ool WA 10 tuo e ays s s
_:':Q_._*:{—_':O o, matouis 74 a8 28 45 ﬁ [ e = —':| t Sand siae 80 30 10 w0 40 0
n —+——Ho Asdialaria 0s 1 1 - 8 & B o e, Silt vize 3/ 40 S0 W 70
et o e Sponge spicules 06 1 1 - g - e i Girysizs B oW & W =W
—= —1:'_-4; o 2 lg|= % i e o P I Nowrwiinti  Tr = = e T Tr
[y e s gE|lalZ|E I b, s o, e, Voleanic giaws~ Tr - 5 o - 0
2 B s -2 = B e et o (2] Carbonate unip . - 5
g o 3 —=—=—+0 s =z = 3 = _|__':|:F [o) Forsminifera T 50 Tr 50 10 ]
g E J==="=dq| |. = 2 | bz ", e ot Cafc,nsnnofossih — 48 B0 45 30 30
=== = =, —H | Diatoms 10 - 2 - 4 Tr
gl ==, == —H 5 e = . Radiolaria 65 1 10 a 0 T
#|5|5(% i o s e} o o o weds W0 1 5 T 2 T
= F et g Secet: ESam, s 0 0 f B2
£|* g It = —HO === | af valeanic arigin - @
3 5 =570  ocoae
" —=mHo o R
‘| SEEEao i ey
__|__|:__Fo B T | .
= j== |_+, — 5 = —
=~ —|:'.-O 2 [CM|CG cC :-.7_|_-| e | i
— = Z = L Y
et
_,:i:'__.:!:.;g
;.3:+j_:a— o
:':.:"_;.ﬁ o] SITE 462 HOLE CORE 0 COREDINTERVAL:  76.586.0m
5| J— -+—'—¢:4_~ O BIOSTR. | FOSSIL
B eyl o ZONE  |CHARACT. 2 5
w =3
3 2| & |  GRAPHIC 2 LITHOLOGIC DESCRIPTION
7 w g 3 E § 5 E LITHOLOGY |=2|22|S
- =lw w
—t= < |a& glz2|8|%| =
=== S g %
o 8| Foro 2|ZZ|2|3(2 £
= cel +HT————|0| |* cc| o~
: j_ I l Cors-Catehar only: Mixsd masses of pale crange [10YR 9/2) CALCAREQUS
and moderats beawn (GYR 4/4] RADIOLARIAN OOZES.

79 41IS



9S1

9t 41IS

SITE 462 HOLE CORE 10 CORED INTERVAL: 86.0t0 955 m SITE 462 HOLE CORE 11 CORED INTERVAL: 95510 1050m
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SITE 462 HOLE CORE 12 CORED INTERVAL: 105.0 to 1145 m SITE 462 HOLE CORE 13 CORED INTERVAL: 1145 to 124.0 m
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SITE 462 HOLE CORE 14 CORED INTERVAL:  124.0101336m SITE 462 HOLE CORE 15  CORED INTERVAL: 133510 143.0m
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0.0-8.0 m. CALCAREOUS O0ZE: Viry pale orange [10YR 8/2), slightly

FOSSIL
ZONE  [CHARACT.
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SITE 462 HOLE CORE 16 CORED INTERVAL: 143.0 to 1526 m SITE 462 HOLE CORE 17 CORED INTERVAL: 152.5 to 162.0 m
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SITE 462 HOLE CORE 20 CORED INTERVAL: 1810 to 1905 m SITE 462 HOLE CORE 21 CORED INTERVAL: 190.5 to 200.0 m

BIOSTR. | FOSSIL BIOSTA. | FOSSIL
CHARACT. =z ZON ACT. >
8| g g g g gl g GRAPHIC =z
E GRAFHIC 3 LITHOLOGIC DESCRIPTION = = LITHOLOGIC DESCRIPTION
w (218 ‘g 8| |E5| & | uTHoLogy |22 w |2 § g 2 5 G| GRAHIC 1e31=5I8 )
2 |= w Z w w =5 o | g z|w w
HHEHHEEEE = < |151285]3/5% ® 5o
uc. Zl|e|Z|x oy E Zrjuw|Zz|x i
| 0.06.0 m. GRAINSIZE GRADED BEDS (COARSER AT BASE) of 7 | i 0.00.06 m. COARSE SAND: volcanic grams and shallaw water
- light CALCAREOUS ODZE gracting up thraugh 3 mottied 7ane inte dark -L"‘_‘_-‘L'_L"J | foraminifers.
05 § CLAY: boses at 0.5, 2.5, 4.05, 5.3, and 6.6 m. {Interprated ta be % et Bened e 0.05-3.8 m. AADIDLARIAN-NANNOFOSSIL OOZE: grayiih orange
E wrbidites ) CAL OOZES are NA} L DOZE to = e ll ¥ 8 | (10YR 7/4) to very pale orsnge (10YR B/2). Drilling divturbance i 4-10
1 4 RADIOLARIAN NANNOFOSSIL DOZE, grayish arane [10YR 7/4) 1o 1 ::J__:_,_i_*_ | xm “pinexilts’” of firm oaze, which is sspatated by deilling paste of
m white (NB1. PELAGIC CLAY i dark. yellowish brown [10YR 4/2), by (% Pty Syt " i
L e - sillemous with radislarisns Igrsding to RADIOLARIAN DOZE] and r_n—-l._‘__I__LJ__L | 2.84.1 m. FORAMINIFERAL ODZE: white [N9]
== sponge tpicules; and calcareous, with nanngfgtai ]r,, gl Sl 4.1-8.1m. RADIOLARIAN and NANNOFOSSIL DOZE ai in the 0.06-
L ey _L_L__I__I.J_.l_ J 3B interval Darker and mottled, clay besring RADIOLARIAN
o R B e SMEAR SLIDE (%] S ) Bt il NANNOFOSSIL DOZE st the top and battom of this unit
o Y ; E g Vi el |
Mt Siey = '.§ cp i B el e SMEAR SLIDE (%)
S s S, j} _! i‘; E £ P i e J-i E 5 § a
o 3 FL i3 M iy 3
Fata £ > el Sren £3 £ i 8
fu Fig’® B i 3 3 § N Vgt St § §
2 e i - = 3 ] 2 e T ; 3 E s 3 3
4= L, "-J,i TEXTUREAND 1110 270 350 470 480 570 H I 3% 3E "'i }g SE !%
. g MINERALS o) o (o) D D) (D) e ol |
Jh Sand ize ? W0 W W™ B 15 P S T TEXTURE AND 14 180 3110 4118 518  CC
i P J:‘I Siit sizn 50 50 50 60 5 70 b R Pl B | MINERALS iMool o |
- = Clay size 0 0 0 15 40 15 = iy J.._l_.l_ Sand nigy 50 10 &0 15 5 15
iy —| | - Clwy 3 = 10 5 w15 ST Rl Silt sizn 50 70 40 85 80 55
:J._L.n.._‘_-"- ‘ Foraminifers - F x 50 Tr i :"_:."'.I.J“.L Clay size 20 10 20 S 30
i e }S Calc.mannofomthe 47 86 3 3 28 1 Fa ! Volcanic glass ARG 2
.._.J-_L_I._L'_l_ " Diatoms Tr - - = 1 2 - J_-"_I_'l- Carbonats urmp 0 - - =
a E M e Ty Andiolaria 45 a0 50 3 30 ” 3 g | Foraminifera 1 B0 5 = =
by [ B! Sam® | Sponge ysicules 5 2 1 a 18 5 - L i Cale. nannotossils I &7 38 &2 T &7
em o o M T | Fith ramaing T 5 : Tr X 3 e I~ i Radiclaria - 3 1 3| 2
g -t—:-E i k- =TT (2. Sponge spicules ™ 2 1 3 3 3
2 1= -1 :A...l_.l._.-l| Opaque vale. grains 62— - £
2 R e & Jrci=m Hwywhest 3 - = - = =
£ ety < | g e ) e e S
§ = ‘g 3,4+ l o - B et Rl ] THIN SECTION DESCRIPTION
= | ®H[2|E I T T | £ |8 _:J-J__-L_l_-l-—'_J | 2,85 cm: Porcultanite, dominant lithology; compoied of opel-CT
S|a|2|R| [cM o el it A o |2 = ¥ Gyl o " i et
5 4 = S S o i H = 2 a 2 [ il et ] layers of fish remains. A few ghonts of radislarians, filled with
ja | k S TR ERp opsl CT. Opal-CT BB%, clay 10%, trace radiolarians, and tish remaing
3 in P g E il | by
- b Tl ie ST N TByegt Thyol & 5
£ P s =1 I o B gl
4 i Pl Al | : P
e et S H Y il sl
Tl gt gy i £ S
-I.LJ‘.J.'L_I..'I | i 5
. = gl Bl gl
5| [, - ""t = Gy o U]
t Tl 1 e Pt Lyt
e Tt i | S i, ST ey,
£ . L ™ St Bl
2 T I ee| |5 P A
AP |CMAG|CC + i 5 Bt S ol gt
R Sl
A
i ] Sl gl
e
-J_J__‘_.I.-J_.l
A
i [P gl el
e il et oy
3 e Tl Eupll
1 € Byt Bt S
] 3 .I_J’ _I_.l_ J-."
-4 pit |
T
90 i il gl T
e e s Tl e
S
lcm|ce lom| 4 LT L .

9% H1IS



291

SITE

462 HOLE

CORE

22 CORED INTERVAL:

2000 10 209.5 m

SITE

462 HOLE

CORE

23

CORED INTERVAL:

2095 10 219.0m

BIOSTR.
ZONE

FOSSIL
|[CHARACT.

BIOSTR.
ZONE

FOSSIL
HARACT.

w
o

9% 4118

G
8]

A

3

I

a
MiAnce

SFRMSURARY
ﬂm&mlc
AGE
FORAMS

LITHOLOGIC DESCRIPTION LITHOLOGIC DESCRIPTION

g
8

Y

AGE
FORAMS
MNANNOS
RADS
FORAMS
NANNOS
RADS

SECTION

METERS

SECTION
METERS
39
5
8
<
RAn
HRUSUIAT"

2
]
‘%

NANNOS
FORAMS
NANNOS
RADS

RADS

0.00.9 m. SAND: cosrse grained, intarary disturbed by drilling, of

. valcanic and shallow water fossil grains land some rust-scale graam) -1

The toraminifors are liege.

0,965 m. NANNOFOSSIL-FORAMINIFERAL DOZE: ooze is very

pale orange {10Y R B/2]; near the 25-75% boundary DEDP yaes for 1
i iniferal versut ini fossdl goze 4

nomaenclature; and is slightly siflicecus. 1.0}

i

4

[

0.0:8.8 m. Homogenoous pale orangs {10YA B/2) FORAMINIFERAL
NANNOFOSSIL OOZE with smal patches of white (NS} FORAMINI-
FERAL NANNOFODSSIL DOZE.

B.8-8.9 m. Grayish arange [10YFH 7/4) RADIOLARIAN NANNOFOSSIL
O0ZE.

HEEH
H

05

I.

AG|

FRERF

i.
L
EEEEEE

P_

§

|.
E

1.0—

|.
F

T
}.
I.

—=

}

SMEAR SLIDE (%)

+
i

FREEFREFTT,

I.

E
|-I-l:

t
+
4
R

SMEAR SLIDE %)

¥?
i
1

¥
i
I

licaaus
il naze

TEXTURE AND ooze oaze ooze
MINERALS 260 546 cc
D) o} (L0
Sand izg En 15 -
. St sire a2 b
Clay size a1 0 -
Clay T
Volcan gl - Tr
Patugonite 1 - -
Carbanate unsp. 2 15 &
Foraminifera 10 L] 5
Cale, nannofossils 60 ™ 60
Diatoms = - 2

|
|
|
|
|
|
|
| Radinlatia 3 2 18
|
|
|
|
|
|

.|.
.|.
i

i
-$
i

Mannofomsil
foraminiferal cora

T
j
1

!
it

TEXTURE AND 130
MINERALS M
Sand size - 15 0
Silt size - - 50 80
Clay sire - » 10
Clay

Heavy minoraks

Voleanic glas =
Palaganite

Zoolim
Faraminifera
Calc. nannofossily
Diatoms
Radiolasia
Sponge spicules
Fish remaing
Opague: Volcanic - 4z - - -

e an

5
BE minrofouil oore
S5 nonoln

g MNannofossil
gk

+
.|.
4

cP

FEREREF

.I.
FEEREFFREREFEFEFEE

_l_T
.|.

+
}

i

9 A o

‘Ir-i-nlll‘i‘-ll.h“l
i
1 1

+

-3
tyaalepailagiy

1

4
4
B3

|
+
.|.

¥
1
1

+T
+
¥

+
+
+

.|.
.I.
A

Sponge spicules 4 5 B
Fish remains - - Tr

T
¥
t

1
.I.
b

- AL - 25
45 ” a5 65

i
i
§

CARBONATE BOMB I% CaCO3)
2. 6860 cm: MW

+

¥
i

CP

hhEREEEERERRRE EEE

FEREERFEEEEERRREERE

P R S A S e e o S A S N S A S S S S S S S

10 60 10
Tr 3 L] Tr

1
f
1y

i..iu Ly
Il F

|..

—wdl il nw
papdbeaealigid

T
1
t

}_

{.
i

!
I
|.

f
FREEREEFFFRF

FEFEFFFFTF

1
+
E

|.
F

AR
fii
ttditidht

,{_ T

.|.

i
LA

Late Oligocane
P22
NP 24
Theocyrtis tuberosa and Dorcadospyris ateuchus

¥
i

+
ﬁ

Uy
it
f

n
¥
i

1
i
H

CP

bt
ht
i

|+||||T!|||
}
it

¥
i

FEFREERFEERRRRRRRFEE]

F

T T
i
i

.I.

1

I
FEERRRFERRREFEEEFRE

RHERRRRE RRERERRRRREE

T T
i
iy
!_r}_rrrrl-
FhE
i

i
i

|

I
1
I

1
¥
I

r
.|.
t

Hr

HlF

n
|
i

RP [CP FM CC|

I
}

:
h
1

§
!
fy

8

L T

i

Hht
=t

L
t




€91

SITE 462 HOLE CORE 24 CORED INTERVAL: 219.0 to 2285 m SITE 462 HOLE CORE 25 CORED INTERVAL: 228510 2380m

BIOSTR. | FOSSIL BIOSTR. | FOSSIL
ZONE  |[CHARACT. wls ZONE  [CHARACT. wlx
2l e | g 2|38
@ |w alw g E Lﬁ!}»’gﬂggv 2 LITHOLOGIC DESCRIPTION w |22 2|2 g & Lﬁﬁg{ggv B LITHOLOGIC DESCRIPTION
o =0 g E e o] 2 wm %
AHHAHHEHE o HEAHHAHE =
g (5|22 g2 &) 212|z|2|Z|= =
=T
1o I+ 0.09.54 m, Pale orangs (10YR 82) 10 white (N9 NANNOFOSSIL
I S iy 0.023 m, RADIOLARIAN OOZE: intensely disturbed by drilling T DOZE and slightty gayish orange (10YR 7/4) RADIOLARIAN
I 2369 m. Dominantly RADIOLARIAN NANNOFOSSIL OOZE with . Rty NANNOFOSSIL DOZE aiternating with Lavers which grade from
e 555 el el B interbects of pale crange (10YR B72) NANNOFOSSIL OOZE. Colar of i I whits (N9) NANNOFOSSIL DOZE to grayish arange (10Y 7/4)
1 e radtiniarian nannofouil cate is moderate yellewish brawn [10YR 7/} 1 b T S RADIOLARIAN NANNOFOSSIL OOZE at top. (These graded layers
:;‘:L-_I_A-_I_ 0 gray#sh orange (10YR 7/4] :'_L_J-.L-I-.I__ I e interproted 1o be trbigites.|
T o, ot e N 0=l | .
_: ' _|__._.|_ SMEAR SLIDE (%) H_L._L'_LJ_J_ ¥ SMEAR SLIDE (%) § -é g o
n = S S| 5 E
i: e e e
o L i 5 § s . } . b gq =5
T Hapl F: = §
e i B | i 3 Foata ! £ i é*g ;E ‘gi
S R ol hob o gl
[ e ot el e i 51 23 2
— r 1. cC -
1= F il ;E[:E'I‘::i;ﬂﬂ ‘1:{ !I:J‘ 3;:: ) [y - H | TEXTURE AND 180 1144 3852 368  4-141
2 b =] 2 3 ey Sl Sarglt £ 1 MINERALS (1] o e o) L
- Sand sizn 40 50 5 50 ril Sk i,
=11 . @ 3 15 3 e i Sand vizg 12 s 5 - 30
-+ - .|_'L | ;‘:::. 20 20 B0 0 - -‘-_I_-l-_l_ I Siln size 8 1] 0 - (1]
£ L] . i =
F =] . Vaoicanic glass T - ™ = R ga il 'C:':; b 70 z? & = i
g o » :'r::""' ¥ ™= I -:A_i_l_ I volc:i.c‘im ™OT Tt Tr
p g - F 7 =
‘% - Comboomte unsp,  — - 7 - z ey | :.u.w_.... ! - T;
& "1 Foraminifer T - 1 1 3 e R Bl oturrintiara = ¥
5 L - im g Heped Cale. nanofossis 85 84 80 0 80
-4 Calc.mannofossle 50 4B 90 48 : T8 i
= = intari - 50 g i il Bhpat I . Diatam = = &
F3 'y Radiolaris 40 50 1 4
2 Y Srionge kol 1 1 2 1 3 R Rl By = . Radliolaria 5 15 1 5 10
cp 3 =LY . : T - s [ gt | Spongs wcules 1 1 1 2 Tr
o Fish romains v s
= ey Fish remaim T T T " T
- 4 *Clrar = "‘J-.J‘E | o
3 S **Brown snd claar & I+ J_-* | "u;:
= . i G e
c X e = - ol 1y
H E q:m-’:"h"h'& { ?ﬂl;qnou;n.n?:‘mtcmal & i | CARBOMATE BOMB [% CaCO3)
B gty M et 7 8 ol 1. 9092 cm: 89%
o E s |'|_- ) o 6% - || S St St Ty
Eo I L cP L, —— 1 = | W | g B i Copy S Syl Y |
S la |E|a =t iy =] 3 © |2 | g o Dypedl g B o
-] ' i F E b Dyl gt s |
5 4 B e | 3 : 4 e R e B
= = - L]
B e 't o Sl
& stk 311
o e o Plhgmerdl| - N
™ - "3 ]
o T Ml | b s I
fe ol P B == i g .
i ool T ‘_;_"I‘.l__l_.l.
= T e =y | =_:.:l- -1 |
L (e o P -J“_J._'LE =23 1
. g
— L —
= gt ! = R
1= p T8 s J - -
S el el
AP |cP |ag[CC s E et M I T Tttt I
e L
3!
= £ 1h
i = gt iyt |
- = Sy &
2 &,
-F-L-.-J_-L |
- P B |
¢ b e B B [
- = N
_“.4__'::.|_J_.|.
= TR o !
- -l—-.-l._.‘- |
7= S S I
e [ Sl ey B |
5 iy |
™ .A._J_-I-:L
= Bty ] §

97 4.LIS



¥91

9% ALIS
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SITE  4g2 HOLE CORE 30 COREDINTERVAL:  276.0 10 2855 m SITE 462 HOLE conE . COREDINTERVAL: 2060w 048M
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o : : : ‘ : Fish remaing Tr Tr E __t-.‘:-h—‘- 3’”'"";"" _:'1‘ _l .
= I e~ 1Y ohcanic glan ¥ ighy
N : L : L :—l : Pt . Foraminifers - 5
e o o Cale. nannotosih T 80
e S v | é -,__n.,_r..‘_.i Radiolaria 20 ]
S M — E -1 el Sponge spicubes 5 3
i e s oA
S o oz slg = 1 Wi o=t *Hamblende
3 S w— — 2 ‘é 3 S e e TLight + daek
" i STU——— ke T el I
& » pw
E § e 3 il B Ty !
i Lol HEe
E
g S
S|~ |8 PO TG
B = g i o e | } =1
8 T P
3 £ o —— |
[ s —rm— i i
a D v et
s o v |
n i i
L I | -
[ e w— —
[ e ——
T W ]
T
s !
b e i
Tt .
o 5 |
e i
e v e |
5 -5 I L 1 I
e i
o — cP cC
I X i . i . !
aes e
I N n L
i 1 i
S e g
i n 'S
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s i
e — e
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SITE 462 HOLE CORE 39 CORED INTERVAL:  361510371.0m SITE 462 HOLE CORE 41 COREDINTERVAL:  3805t03900m
BIOSTR. | FOSSIL BIOSTR. | FOSSIL
ZONE  [CHARACT. - Eﬂ ZONE  [CHARACT. 5 w @ .
w 2 o g a
S [ e I = GRAPHIC 2 LITHOLOGIC DESCRIPTION
. |2l REE He g LITHOLOGIC DESCRIPTION i 2l |zla] |§| & | tHoloey S,
e E 2w, g w W == 2 5% 5 5 PR = g
¢¢§3¢5§m= A zlziglelZ =
2122|182 = “ L |Zx|E|Z|xe
e I e -
= FP - - H
cP :,:ﬂ_-'\b | i . 0.0:55m. Alternations of very paie armge [10YR 8/2) 10 nﬂsﬁ I [ TP s
J =2 | X grayish oranga pink (5YR 7721 to whits (N9) RADIOLARIAN ey ;f,.....? -Ww-R‘ﬁm'ﬂ“naumamu Rz
s st oy v | | NANNOFOSSIL CHALK with modes ate beown (5YR 4/4) § o he crance [10YR 872} JOLARIAN
I et S T R NANNOFOSSIL-AADIOLARIAN CHALK. Some layers are g A e fin
1 = 1 araded with darker chay-rich top that are burrow martbed 9 -
e mare hamageneous toward b, 3 P ]
P =i I 5.6.6.7 m. Moderate nrange piak [10YR 7/4] RADIOLARIAN b} b i ARSI O
3 E el | 00ZE. = E E Firm Radiolarian
T ™A .l 8.7-6.9 m (CoreCatcharl: Pale yellowih brown (10YR 6/5) = = TEXTURE AND radioisrian coze  nanaofosil coze
£ e RADIOLARIAN-NANNOFOSSIL CHALK and mocderate birown E MINERALS cca cc23
-] cP S - & — ] IBYR 3/4) and moderate avange pink (5YR B/2) CHERT. Sarud sen 10 20
E P St e Silt sire 70 50
s 1= : | SMEAR SLIDE (%) § Clay sze 20 20
s e 3 Clay an 0
-~ | 5 E 3 § 5 Carbonate unsg. - 2
—e ex F =
2 = i g 5 _§ i _E Cale. nannafossils - 3
i ]
=== ] § 3 :amou--u_ i :: ::
= - | 3 ’i E g pongs ipicilas
A S ! TEXTURE AND 116 138 1.117 351 4437
T —— = MINERALS o Mo ol o
E = m g iy | Sandt wire B 2 B 01 SITE 482 HOLE CORE 42 CORED INTERVAL: 3900 to 399.5 m
w cP i) Siit sizw 65 B 75 60 60 JOSTR. | FOSSIL
£ s : =1 - .] Clay size 0 15 W0 0 30 aZONE CHARACT. >
= B e e s % Clay 5 2 5 30 z| e g e
§ S === Cole rannatouils 50 40 - L] S| = | crarHic ] LITHOLOGIC DESCRIPTION
£ 3| oo Radiclaria 30 50 8 B 85 w |2 § 8| |g| & | vmHoLogy E S
P e = | Sponge nicules P 5 5 El Z § Zlald|y U‘g
== «
o= | FEHHHE ==
e
- = 1 I —1
oA | -0 I - R pl#p LTI g 0.60.7 m. Blulsh-white (5B 8/1] SILICIFIED LIMESTONE
E T =M e g o ———| with intervals of pale yellowish brown (10YR 6/2) and
E :J'EE | & o5 |AAAALLA moderate reddish brown (10YR 4/6) to dusky yellowish:
= IS é = teown {1OYR 2/2) CHERT.
E .-;..H | LN -
g 4 v ro— | -
§ P 1.0
e o e pu
= o e |
o e
| . SITE 462 HOLE CORE 43 CORED INTERVAL: 399.5 10 409.0m
Bl . | FOSSIL
s | ZONE _|CHARACT. >
5| o) 8| 2| araeuic g 1 PTION
:;_A.. esafper [ | w g § g 3 E E L oGy §“ LITHOLOGIC DESCRIPTIO!
-3 w Z|w|W@
B [CP o < |z 5 3 = olw| = %
Iﬁ 1
: 2 |2|8|8 g = =
SITE 462 HOLE CORE 40 CORED INTERVAL: 371.0 t0 380.5m o | ]~ AdA -“.‘ . 0.00.4 m. of white (NG 0SSIL LIME-
BIOSTR, | FOSSIL -:i_f& STONE nd moderate reddish browrs | 10R 4/6) CHERT. Same
ZONE  |[CHARACT. ulz a5 leght grary (N7] GHERT in the white [imestons
5 w ) 5
ol GRAPHIC LITHOLOGIC DESCRIPTION - SMEAR SLII
s 1218l,]%18,|5 & | LiTHoLoGY Ll - LKE oot
Q9 5 2 w 8 g w — Nannoloeil limestons
R EAHEHHE * 10 TEXTURE AND Dilicified)
2IZ[2|R|2|2 3 MINERALS 112
-1 Cuartr, Authigsnic -5
~ o~~~ cc| { Aa aal ] ] 0.0-0.2 m. Twa pleces in Core-Catcher one pisce Is moder ] Foraminifera 5
ste arange pink (5YR 8/4) PORCELLANITE, the other plece - Calc. nannofouils 0
is light gray (N8 and N7} CHERT. =

79 4LIS



0Ll

SITE 462 HOLE CORE 44 CORED INTERVAL: 4090 to 4185 m SITE 462 HOLE CORE 45. COREDINTERVAL:: #2004 437.5m
BIOSTA, FOSSIL BIOSTR. FOSSIL
ZONE  |CHARACT. o ZONE  |CHARACT. ul=,
2| w ofmal,, S e g o
ol = GRAPHIC & I LITHOLOGIC DESCRIPTION o & GRAPHIC $ LITHOLOGIC DESCRIPTION
i g 2 g 8. |5 5 | (Hetoey "%E u g g |2]8| |5|E |viHorocy (=313,
2 g 2| o £ 2 Zlz|z|2|g|e| € = =5
HHEHHEE S e 513|2|5|3|2 e
ol g - B 50 |55 | 5 2 |Z|z|2|Z|= oo
BHIE i == = THREERE == DY'EEE 0.00.2m, CoreCatchor only: Vary paie orange (10YR
§ =) “:‘: 1 e — 0.0-0.68 m. Yeliowith gray [SYR 8/1) 1a light gray IN7) SlE 8721 grainy, speckied coarie LIMESTONE, and light olive
Y i o SILICIFIED LIMESTONE; some laminated levels. - Light trown 23= way 15Y 6/1) LIMESTONE with veins of NATIVE
> z EP|EM eSS T . ISYR 5/8] greenish gray (5G 6/1) CHERT. White ING) to graen z = g COPPER, Moderate brown (5YH 4/4] CHERT.
% | —— ish gray 156 6/1) wispy bedded NANNOFOSSIL LIMESTONE; = [= E 3
w = icC | some PORCELLANITE. g Na SMEAR SLIDE (%}
a 0.680.73 m. Madérate brown {5YR 4/4) CHERT in Carn- s H 3 TEXTURE AND oy s
Catchee = =
cc
: 1283 MINERALS
SMEAR SLIDE [%) ot H Sand slm Dominant
F4 = Silt sive =
Siliceous  Nanacossil & ] Clay size -
TEXTURE AND  Limestone(?) limestons  limestane 5 = Voicanic grains 1
=
MINEEM.S 113 -4 158 5 Voleanic glass 2 dark and fight
:alno size ag a: s: g Palagonite 1 gold and Beown
ol size Carbioiiaty unip. 80
ET: size ::EI 40 20 ;; Fotaminifera 5 [probalsly greater
Eldspar i ] percentage of fors
Heary mingrah ™ - - E minifar o a resl
Volcanic glas - e 1" = of cruthing in the
Micronasdubes - - ™ sencar dide|
Carbonate unsp. 70 47 7] Cale. nannatosils '
:Il: nannofoi 20 20 45 Radiglaria Tr
adilaria w* ot 0 il T
Fith remaina T Tr b -
Clay - H =
“Calcitized
** Light>dark
1Light
11Pgar preservation SITE 462 HOLE CORE 47 CORED INTERVAL:  437.610447.0m
BIOSTR. FOSSIL
I:N;BW‘I'E B:MG 1% CaCO3) ZONE  |[CHARACT. wl>
1,4244 em: 24 7]
&l 2 2|58le
ol = GRAPHIC =X LITHOLOGIC DESCRIPTION
w |22 g 2 5| # | LTHOLOGY ﬁ E §..
2 5 2lw Z|ala u 5198
HEHHEERE e
o
SITE 462 HOLE CORE 45 CORED INTERVAL: 418510 428.0m FREIEHEL | 5|
BIOSTR. [ FOSSIL 5|5 [E] [relre| ool =Eaa | |- 0.00.2m, Only Core Catcher sampin: Lumps of o
ZONI z| o og é i i § S ste brown (5YR 4/4 10 5YR 3/4) CHERT. Pale yellowish
o ; ¥R 6/2) LIME E.
wla| [2] & |, GRAPHIC 2 LITHOLOGIC DESCRIPTION 515 beown (10YR 672 LIMESTOR|
w |2 |8 a = | LUTHOLOGY (28 4
2 R 3 z s 8 g g 2 ; SMEAR SLIDE (%)
§ g 2 ’é gg ® =l C: 3 TEXTURE AND Limestons
g 3 MINERALS
i AAAdadd Volcanic glan 3 darks lght
g~ 3 m  fec . 0.00.2 m. Pleces of psla yellawish teown (1OYR 672) to dark (3; Palaganite 1
% wallowish brown {10YR 4721 CHERT. Some charts ane * Pyrite (7} Tr snguier opague,
Raminated. < nan brassy
o 0.2.0.4 m. Core-Catcher sampla: Paia yellowish-beaun [10YR 8/2) Carbonate unip. 7n
.E‘ leménated LIMESTONE and ane prece of moterate beown (SYR Cale. nannatossils b
= 4/4) CHERT. Aadioteria Tr
Fish remains Ll
SMEAR SLIDE (%) witbuiea)
TEXTURE AND Limestone
MINERALS cc-10
Clay o
Carbonate unip. 72
Foraminiora Tr
Calc. nannofossils 15
Raodiolaria® 3
*Radiolaris replaced by calcite
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SITE 462 HOLE CORE 48 CORED INTERVAL: 447.0 10 456.5 m SITE dﬂio-l;-i CORE a9 CORED INTERVAL: A56.5 to 466.0 m_
BIOSTR. | FOSSIL BIOSTR. FOSSIL
ZONE CHARACT, ZONE HARACT 5 | é
] &
gle S| & [ GRAPHIC 2 RIPTION
gl GRAPHIC LITHOLOGIC DESCRIPTION W | @ = w & LITHOLOGIC DESC
w 2l |glg| |5|®& | uTHoLoGY CHE 8 HE 5| B | uTHOLOGY |2 g
(<] Zlw|lZ|2 W w < =| @ E w (W g 5
< =z w| Z e |= a = g|w S|
HHEIHE AHHEHE |
w|Zcju|Z|x wlZe
FP|RP 0,0-7.06 m. Lithologies are (1] medium dark gray [N4) ro
0.00.2 m. Drilling breceia of various ithologies. olive gray [5Y 4/1) 1o dark grasassh gray [5G 4/1)
0228 m. Green SANDY LIMESTONE alternating with NANNOFOSSIL MARL: (2] light gray (N7 + 1) NANNO-
P weennh gréy NANNOFOSSIL LIMESTONE, The SANDY FOSSIL CHALK to NANNOFOSSIL MARL; |3} dark 1o
g 1 LIMESTOME i cverstl greenith gray (5G 6710, which is & 1 wvary dark gray (N3 to N2 VOLCANIC SILTSTONE; and
5 s § hend fram greenish Black (5GY 2/1] grasm {altered vol RP|CM| i - 4} iminor] greenah gray [5G 7/1) waxy VOLCANIC ASH.
-4 g canich speckied on light gray [N7] background, and
.
g CM| huwing bedding. The gray NANNOFOSSIL LIMESTONE These lithologies are present in fing beds to lometise. In
o varies fram light olive gray (SY 6/1) to pale yeliowish general the Ilihalogies sre thin bedded, thus lithologse
g § -3‘! AP AP Ergwn [10YR 6/2), showing bedding  Both lithalogies RP ) symbol indicste anly the dominant ithology.
= e = CG have mm 10 cm scale of beading and promanent local
2|8 isrrows. SANDS are probahly redenosited (tiliceous SMEAR SLIDE (%)
- = RP Tarsninifers, volcanie graing, dee sorted], pot mh 1 Py
23 AP E= : §
@ 3 SMEAR SLIDE (%} FP(CP|RP ] L1
2 Calcareous MNannofossil z 5" é
APIRP TEXTURE AND  volcaniclaitic sandstone  limestone = = 23 ﬁ
cm) MINERALS 150 161 = 3 8@ 32
AP [CM| AP CC ?ﬂd'l!e :g - = TEXTURE AND 140 1110 1130 2141
ilt Az - — MINERALS ol ok [:1]
Chay sige 20 - - . Sand size (D | 1 (']
Clay r? Tr = Silt size 015 74 (]
?ulmu 12 j Clay size M B Fil o
al mpr_ uy Clay 2% 10 - 1]
Heivy minerats 8 Tr 1 Ourte T - = -
Valcanic glast @ T 3 Faldspar ] = T 10
Palorive T 1 _-g Heavy minerals = = - 30
Carbonate unip 33" B84 j Vabcanic glass ¥ - - 0
Foraminifers 0 - - % Zeatite =) = Lo -
Cate. nannalossils n 15 s |2 e E Carbomrate wirsp an o - -
Radiolaris B Tr = | g b - Cade. nannofossil o s0 12 2
*Some glass devitritied 5|8 |§ Pl ﬁ Spange spicules Tr
**Nast radiodaria and foraminifeca ars mierocrystalling -] . = Fsh remains T T 1 1
] £ = Dpague - 1 1 22
CARBONATE BOMB (% C+CO3) = = = Derital carbanats. - Tr - -
= £
1. 113116 em; 5O0% BERH FRicM |, Amphibole Tr Tr
2.57:58 em: 62% w2 = Clinopyroxene T = - =
é Fi— Purmnice fragments - - - Tr
- Alternd glass - - - L
2] G “Frash claar
-1 tMNannetossit fragments| T}
5
.
FP|FP
B |CM| ccf
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SITE a2 HOLE CORE 50 CORED INTERVAL: 466.0 to 4744 m SITE 462 HOLE CORE 51 CORED INTERVAL: 4765 10 4860 m
BIOSTR. | FOSSIL BIOSTR. FOSSIL
ZONE  |[CHARACT. ZONE ARACT -
8| ¢ 8|21 cnarmc ¢ 2l
= GRAPHIC LITHOLOGIC DESCRIPTION = R ) 2 LITHOLOGIC DESCRIPTION
w g 8 g 8| |B £ | LTHoLoGy u (218, [218] |G| & [ vmHoecy § 2
< | Z
< |2 |2]8]2|2/8]8| 2 < |%|5[8|2|2(8|%| 2 §
i 3 =222 22|2|2|2|= =
0.08.5 m. VOLCANICLASTIC SILTSTONE and SANDSTONE, 0.05.1 m. Dark greenish teay (56 4/1] sequences af grain
shabes of misdium and dark gray INS-N2); cosrsar valganic.rich size graded VOLCANICLASTIC SEDIMENT, These
SANDS (probably rodeponited, not tiff] are greenish gray grain-size grasted bedk typically have CONGLOMERATE
[5G 4/1], Scour and cross-bedding comman; some motiles and TR ‘MH:\‘::':::.] fj:m:f ’;‘;‘;"" "‘."'I'u‘:‘h:"“""’l"“‘
oon- brvld 1o ey oy
FP|CM win paralied Lyminse In tine, darkc beds. 4 MARLY NANNOFOSSIL LIMESTONES. Fucoid
At 0.50-0.75 m wicd 5.60-5.76 m, NANNOFOSSIL LIME- Duirrawws are camman in these imestones, Some strats |
STONE; burrewed snd scoured. not erots- bedded ‘ parts of the core cocwr a1 angles of 15-30° fram the bori-
At4.85 m, 3 1 cm light Brown (5YR 506 and lighter and darker} agntal and may represent shumg folds. Cantorind bedefing
NANNOFOSSIL-bwaring Clayrtone. neryliom L4700
SMEAR SLIDE %) [ : SMEAR SLIDE (%) E i
2
= i 2 i ? 3
% 5 £%  u - o P i Eg
oo : Hsisi
5k 3 sy 38 2 E i S Ez 55 8
TEXTURE AND 185 171 180 1140 § ‘é E TEXTURE AND 150 1-76 236 3.36
AENEHALY ol o e (o 52813 MINERALS ©) (o © @
Sand siza = 505 5 s £ i = e
Sile sire 60 a0 an =] w3 Cly size - B0 70 BB
Clay suze 40 20 15 5 E] £ Clay 20 40 40 B1
Clay = = (0] ] ] = Fulgspar o= -
Quartz - 7 g g Hegey minerily 1 - T
Feldspar T = s = RIS . Zwalite - -1
. Carbonate unip Tr 3 M 7
B Voleanc glass v m Foraminifesa 2500 ;
Zeolite - - - Cale. nannofosss N 3
Carbonate umip 45 66 Rodiolaia - 25N - Tr
Cale. nennofossih 60 30 Tr Tt Spange spicuie = 3
5 Sk = 2 = 2 oAU
_5 % g Radiotaria T & & *Fresh and altered
H g E Soonpespicules  Tr . - "UAltered
g Fith remains T 1 . 1
= THIN SECTION DESCRIPTION
g Opaques [ - o - 1, 50-63 cm: Altered vi
= Clnopyraxens - - B -
E Chiorite - - - X-RAY DIFFRACTION:
'E = Amarphous® . _ ~ 1,50-63 cm:  Abundant smectite commeon x-tay
w - Maiy mineratt 5 = A a0 amarphous materisl [x-ray amonphous material is not
Pk fresh glats, o all glass is altered); commen cling:
o 'yrite - pitolite; commaon 10 trace smounts of feldspar,
F” CMi i s kaolinite and calcite.
]
N
ef i
5 & ;3 o
TEXTURE AND 2923 3140 416 668
MINERALS (o} Ml (U] {11} L4
Sandl viro B - -
Silt shew a2 - 15
Clay sire a - &5
Clay 10 - a1
Chuarti Tr - -
Feldipar - T Tr
FMIRP Valcanic ghoss T ™t a T
Zealite T - Tr -
Carbonate ump. - - 12
Cale. hannofossils - 5 ?
Csicite crystals =
Detrital calcite - - Tr T
Opapuaes. - - - AL
Clinaayranene T - ™ 8= e od e
Chitarita = % % b = includes orange particlas
Ambephouit = g a0 = € = orange brown clay
Pyrite = e o> T d = datritsl or sparry cemenis
Fish remains 1 2 Tr 1 8 o= chear
RP t = fragments
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SITE 462 HOLE CORE 52 CORED INTERVAL: A485.0 to 494.65 m SITE 452 HOLE CORE 54 CORED INTERVAL: 509.0 10 5135 m

BIOSTR. | FOSSIL BIOSTR. | FOSSIL
ZONE  |CHARACT. . ZONE  |[CHARACT. wl=
g 2 GRAPHIC § H S 2 GRAPHIC = g H
= A LITHOLOGIC DESCRIPTION = LITHOLOGIC DESCRIPTION
w |£18(,2|8|, |G| E | vHorosy g g |28 EEIRE # | dviology g1z,
E w 5 =z 2|3 w E 5 @ Zlg|a w =
£12|2|5/2|2 £ 2| O HHEIHEHEN aelE
2 |Z|Z(8|2|& & 2|Z|z|2|2|& 5
= 0.0-28m, Greenih gray [5G 6/1] matrixrich VOLCANIC e ! 0.04.5m. Light ohive gray (5Y 6/7) LIMESTONE, camisting
E = BRECCIA, with MARLY L A FP |FP —_——= of parallel-laminated units pasting up m:uy‘ assive Lnits 1o
. i ¢ T T Finalty dark burrovw maottled, mere CLAY-rich tops. Dverlying
0.5 2867 m. Greeninh gray [5G 6711 10 light olive gray 16 61), 05T T T ¥
5 R finely parsliel lamingtod ard massive burrowsd units of == B are pke bluish-groen (BBG 7/ aed pate brcwn (SYR
B — 721 ZEOL
2 AM) 1 7 CLAYSTOMNE. Same thin (02 cmi pale bluc gresn (586G 1 = 5 o trnhc layers. .
= AP a 5 7441 and chass, yellowith brown (TOYE 4/2] layars of ——— s 4547 m. The Cone-catcher sample i ight clive gay [SY B/1)
g M| em ZEOLITIC CLAYSTONE. Light gray (N71 lewels ars g P W T nd Hight bduish-gray (58 7/7) LIMESTONE.
g LIMESTONE. Tha Care Catcher iemple n CALCAREOUS —— .
= cM = p— ey EAR
% CLAYSTONE. g Fazazed |l SMEAR SLIDE (%) '
& === .
o SMEAR SLIOE (%) g RP yo—y—r . H I E
il £ == .E i 3
E . » |% T L
O I £ s I TEXTUREAND 1110 1144 1148
FP jcm s g § E 52 _i = M 3 o MINERALS o) ] ]
2 3 j £ i 5 T Silt e 20 50 kL
- £ Ciay sire B 50 n
:g TEXTURE AND 180 2.56 3.88 3100 4.29 % oG Clay 10 - 5
= MINERALS Dy iDF iMoo iDE (M) a3 2 ) Feldypan - 1 -
E = sc.‘n..g. ;g ;g ﬁ - W Heavy minecals - - T
Ay dige - Vaolcanic glass Tr - Tr
o = Clay B 74 3 10 B g RP iCM
g g g Heavy mineraly T T T [ceomarkitn 23 Tr =
3 ﬁ 2 Zealite [Tl T a0 Zeclire b 8 "
g Carbianate ump. B 10 50 B Carbonate urap BO = 6
o Foraminilpra 1 Tr § CM r Cale. nannatosls 1] T 20
B FP . Cale.nanpatosin 3 & & 8§ - E Radiotaria - - T
g 3 Rdialaria T = s 8 3 Spongs ycules - T
Fith remaie Te T -
o - Vodcanle ul:u 2 n’l B 2 sa- - = Fish temaing Te 1 -
3 P I === THIN SECTION DESCRIPTION
9 2 — 1. M4 em: Zealitie claysiome-zealites B0%, reclitic
FP FM cC : ,' - Jl radiclarian casts {probably farmer radiolsian ooze]
4
mlf.m il
SITE 482 HOLE CORE 53 CORED INTERVAL: 494.5 1o 504.0 m
BIOSTR. FOSSIL
ZONE  |CHARACT wls
z| w 2 g ]
Ll S| £ | eRapHic |o%|FElS LITHOLOGIC DESCRIPTION
u %8 g § £ E LITHOLOGY 5 S
H
NHHEHHEEE =2
2 |2|2|2|3|= EZ
0.0-25 m. Light alive gray [5Y B/1) 1o ol geay I5Y
. A/1) CLAYSTONE. Thin {1-3 em) pule bhue-green (586G
7/4) i dusky yellowish brown (10YR 2/21 ZEOLITIC
CLAYSTONE layers. Soma mattling becoming mare
carbanaté-rich downward  Thin layors of dusky yellowish
g brown (10¥F 2/7) VOLCANOGENIC CLAYSTONE.
_§ 3 - 25627 m. Corecatcher samoke i light olive-gray (57
i £ /1) MARLY LIMESTONE.
% g 8 . SMEAR SLIDE %]
3 E i_
E =] é g ,.E & E
2 |f T
8 FEL
TEXTURE AND 118 s 1128
MINERALS (L] Dy (L]
Sand siro = -
Silt sire kol =
| Cley site B0 =
“‘I Feldspar = Te
Hewy mimeralt - - 1
Zeolin &0 ~ 3
Carboriate urig. 50 5
Cale. nannoiomsiy 1 1w 3
Clay 3\ a0 73
Volcanie glas - - 15"
“Altered
CARBONATE BOMB (%, CaCO3) :
1, 26.78 cm: 67%

o LIS
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SITE 462 HOLE CORE 55 CORED INTERVAL: 5135052256 m SITE 462 HOLE CORE 56 CORED INTERVAL: 6225 w531.56m
BIOSTR, | FOSSIL BIOSTR. | FOSSIL
ZONE  |[CHARACT. - . ZONE  [CHARACT.
8| g § HEL 8
2| E | GRAPHIC LITHOLOGIC DESCRIPTION = GRAPHIC LITHOLOGIC DESCRIPTION
w g 8 %‘ 2| |5| & | uHoLoGy E Sy w g § 3 § E| & | umHoLogy _E}m
- wlw
2 z|2|18|2|3|8|%| = EAESE 2 = |2 Bl=|2|8|%| = =
o< E 5|3|2 22 | =] <(o|d|< |
€ |Z|e| 2| 2| = 2 |[Z|e|ld|2|e
B
1 0.06.9 m. Pinkish-gray (SYR 811 10 brownith gray ISYR
" /1) CLAYSTONE with basrow-fich layers, typicslly capped B 0.0-2.38 m. Pule recdish-brown (10R £/4) ZEOLITIC
by pale bluiih-green (586 7/2) and pale brown ISYR 5/21 CLAYSTONE with sparse pale blue-green (58G 7/2)
ZEOQLITIC MARLSTONE. Some olive groy CLAYSTONE. tatchi.
" . Pale breswn 1o grayish red [10R 4/21 ZEOLITIC MARL-
cp |© STONES in units <40 cm thick, SMEAR SLIDE (%)
6.7-6.9 m. Cove-catchar sample is graysh red [10R 421 =
ZEOLITIC CLAYSTONE, oo lale Zaolitic Zaolitic
TEXTURE AND  claystons claystons
. SMEAR SLIDE %] MINERALS o o)
it Siltvize n 5
2 M i Clay size B0 a5
= § £ g i 5 = E B Clay 5 30
B [cM 3; 3 3 ZE SE :tlulpiu | ? TI
"
B |rp TEXTURE AND 166 172 1.140 2110 &130 8 . V:T;:'::.' 8 ;
MINERALS Dl ol (D) o o) i
Sand vire Palaganite F 3
=y - = Zualite 80 &0
E o lam Silt size a:- %10 10 5 Eonos kgl = T
Clay sire 3k 76 %0 @0 95 Fhets reictrn E by
s Clay 3’/ 72 B L] a5 L
c| B Foldupar - - - 1 lghn
i -‘; g Heavy manerals - Tr - - -
E % i s T GE e SITE 462 HOLE CORE 57  CORED INTERVAL: 5316 t05405m
™ e
5 ‘E 2 Carbonate i - w5 0 5 mz%sﬂ.rg C:Igﬁﬂnéf
{ ‘E' Cale. nannofossls — w 1o 45 25 E @ w ;& o
b ] Volcanicglass fal) 6§ 3 1 2 5 = It
& w |28 2| & {BRaeMic = =1H] LITHOLOGIC DESCRIPTION
5 THIN SECTION DESCRIFTION g |38 g § 5l & g =
3 5, 24.27 em: Clayitone with unifarm extinction and < |z |2 g =2 B = = g
G =% fish remains e g =2 g -
5, OC: Zealitic maristone
B = 0.0-3.0 m: Laminated graylsh-red { 1R 4/2) ZEOLITIC
X-RAY DIFFRACTION - ¥ .
B . 5, 2427 cm: Abundsnt x-ray Smorphous matter, CLA\'shTDN‘E with, "'": bivs-grasn ‘SBZGE:; ?: I’:""J"_:_
AM sialygorskite, aid smectite; common quartz; traces of Sorrw thin |1 ) layers of modium gray ZEOLITIC SILT-
clinopti e wnd opal-CT :'::fg Fwsn ?lehol ;::I‘n;\:::u:*g“ Islvh B/). o
5,CC: Abund | ; 13 m: Gres 3 6/1) 10 dark groonish-gray
polasr et pipaibes e 4/} parsileaminated VOLCANICLASTIC SANDSTONE
slvgorikite and qu;m F and SILTSTONE conraining same earbonate,
o A.13-4.33 m: Core-catcher sample 1 |ight olive groy (5Y
6/1) ZEOLITIC MUDSTONE and gresnish-gray paralisl-
] Iwmninated VOLCANICLASTIC SANDSTONE.
= SMEAR SLIDE (%) i
’ = B
— TRl
B jcp|— TR — 3 3F 3 —"153
= AF A4 d5 d=
— TEXTURE AND 130 1117 2143 320 378
— . MINERALS (L] o (o} ol
|| Sand size - 10
—| Silt size 80 28 B0 80 &0
o Clay size 0 7. % 40 30
AP Clay 10 20 10 L
i} Feldspar 20 2 5 5 5
—] Hamvy minerals £ 6 T 2 3
—* Volcanic gles 30" 2 % w .
M —] Palaganite -1 5 w2
erlap —1 Zeolite » 56 &5 B
] Carbonate unip. - = - 0 30
Calc. nannofossie. - — - T -
Radiotaria - = - T —
= |reved




SL1

SITE 452 HOLE CORE 53  COREDINTERVAL: 5405105495 m SITE 462 HOLE CORE 58 CORED INTERVAL:  5435105585m
2 0.5 to 549.5 m

R. BIOSTR. | FOSSIL
BE%GJE comlé‘r ol ZONE  |[CHARACT. . é
8| & g 5l 2 EE ]
2] & |  GRAPHIC LITHOLOGIC DESCRIPTION i g & 2| & |  GRAPHIC LITHOLOGIC DESCRIPTION
s |28, |2l8] |5| & | otosy g?... s (2(8,(5(8],|5] & | mowosr |EiE
AHEAHHAEE =B HEEHHERE Z
o 5 5 o|g|g = o |g|d e a|< = [
w |Zlec|d|Z|x =] i |E|e Z|x
i = = =i
] s 0,088 m: ZEOLITIC CLAYSTONE 1o ZEOLITIC MUDSTONE = 0.040.6 m. Laminated, ASHY ZEOLITIC MUDSTONE in
] — in shades af brown (SYR 4/1, 64, 5/2, 1o 10R 372}, Blus-groen = 3 warious thacket of birown with minge yellow s gresn,
-4 10 green matties octur shong cracks |jolnts and krregulsr fractures 0.6-0.G. Sampile [1.02 m) is pale brown [5YR 6721
=1 Dwuvy calciie snd guartz occur locally along the cracks a1 2.0 and ZEOLITIC MARLSTONE with nannatosih.
1 . 28m. 0.6. Semple 1153 m) 10 3.3 m. ZEOLITIC MUDSTONE
- E.66.1m: Grayhh oange (2. 6YR 7/2) NANNOFOSSIL MARL- 5 8 M A has alternating laminas and motties of reddish bown
STONE. e [2.5YR 5/4) and grayish brown (YR 372).
B.1.6.8 m: Brown ZEOLITIC MUDSTONE & i the 0.0 4o 568 m § A Fo-Mnrich 3cm thick bed occurs at 1.8 m,
interusl 32
3 SMEAR SLIDE (%)
RP
SMEAR SLIDE %) ] fes
- : 5 » . ]
T § = g ] £ b}
£ £ S : 3
EHIE | gl | e BN
2 ~ ] <5
TEXTURE AND 13 176 3120 4120 - TEXTURE AND 115 139 146 184
MINERALS (L1} ] ] MINERALS ™ (o) 1D} (D)
Sand size = - - - Bl Sand ilen - 5 -
5 Sl sire - w70 = 8= - Sile size W oW -
§ Clay sizn - 90 850 - o I Clay slew ] B0
Clay - 40 a5 S Clay - 20 - 20
3 Fuldspar - 3T - B _ - Feldipar 2 T3
z Heavy minnrals - 2 T = Heavy minerati 3T B Tr
i Wobcanic glass 5 m i1 Tr Wolcanic glass 5 5
I Palaganite Tr 5 Tr Woleanic ghing (alt) 10 — i -
e - =13 Zeclite - a0 45 & Palagonite b B & 4
i Carbonate ursp. - - B0 Zuolin 50 B0 - k-
Cale. nannatossily - - 20 Carbonate unsp. - - 10
s _ |- Db B - - Gale. nannolossits = 1E 48
Opaue - L=, =
] | SMEAR SLIDE (%)
2 2
p ey 88 22
SRR H
cM TEXTURE AND 224 240 2130
MINERALS © (el mi
Sand size - - -
(M| Silt vire - 40 40
Clay size - 60 B0
Clay . = 5
] Faldpar - - =
Hasvy mineraly 5 §
Volcans glass 5 40 40
B |CP CC Wolcanic glass (alt.] - -
Palagonite - - 1o
Zealite 5 a5 45
Carbonate unsp. - - =
Cale. nannotousily - - -
-
“Coatings on reclite
THIN SECTION DESCRIPTION
1, 13-15 em: Radialarian poreeltanite; opal CT is
abisndartt, quartz i comme.
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SITE 462 HOLE CORE 60  CORED INTERVAL:
BIOSTR. | FOSSIL
ZONE  [CHARACT >
Bl g §9
= GRAPHIC 2 LITHOLOGIC DESCRIPTION
w g g g 2| |5| ¥ | utHoLoGY S
g 2|8 HEA IR =5
HHEHHE R -
L |z|le|8|2|E |5
TRY
== | o 0.00.56 m. Grayish red [10YR 472 to dark seddiih-brown
- ., (108 3/4) ZEOLITIC CLAYSTONE wath ane pece of
1 -1 moderate brewn (5YR 34) PORCELLANITE,
= 0.56-4.2 m: Seo dutsiled devcription “Visusl Core Das-
10— ctiption of Igneous Aock™  Baalt with stwindant selveges
-1 of alternd glass and veimi.
3 SMEAR SLIDE (%)
— Zeolitic  Palagonitic
3 daystong
TEXTURE AND 115 153
- MINERALS
= Sand tize - -
2 = Sift sizw 50
- BASALT Clay size 50
= Clay 50 47
3 Volcanic glas - 3
= Palaganite 40 50
Zeolite 0 -
: Sponge spicules - T
] THIN SECTION DESCRIPTION
—_ 1,002.0cm: Gosthite rich quarizone chert.
3 i ¥-RAY DIFFRACTION
b 1,002.0 cm: Abundant quartz; comman x £y
- amotphous matter, commaon o trace godthits,

9% 91IS
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VISUAL CORE DESCRIPTION 2
FOR IGNEOUS ROCKS tec [ sime |g| core

a[1[4[6]2] | [s[o] |1
Depth: 558.5 to 560.0 m
MAJOR ROCK TYPE——MASSIVE APHYRIC. SLIGHTLY PHYRIC, BASALT SILL

Macroscopic Description: y
Pieces 1 through 4 are massive, aphyric (slightly phyric basalt sill, with veins of celadonite,
calcite, and celadonite plus calcite and clay,

Texture: 56 to 60 cm = chilled margin {?J 60 to 98 cm = transitional zone [fine grained);
and 99 cm to 133 cm = dightly coarse grained.

Color: 55 to 60 cm = pinkish gray (6YR sm;ao 1o 133 cm = greenish gray (5G 6/1); and
chiorite vein = dusky blue areen (6BG 3/2).

Alteration: has occurred around the veins,

Thin Saction Descriptions

Section 1, 556 cm, piece 1A: Highly altered basalt sampled at chill rnargln of sill.

Phunocrvm Olivine < 1%, 0.3-0.5 mm, euhedral, replaced by Fe and iddingsi
plagioclase (An70) 1.5%, 0.3-1.0 mm, skeletal and euhedral, often replaced by calcite;
clmnwmxam 1%, 0.305 mm, euheo‘rai clear in coior [fresh)

’ ysts; quanch ites about
dmnwmene‘ magnetite 10%, fine grained dust; ; glass is altered; znoms {alteration],
2V = 20° 0.03 mm, a:lculul =y, high refief,

Texwre: Variclitic to and

SECT.

Alweration: Carbonam {n veins and ol i (1 1) clay In veins
and g i nlnr-ne lagioclase, and ums 0 zeolites in veins replacing
plewous alteration ptndnc-n chlorite m veins and glass g and
glass of is (1) clay plu‘ chodle. (2] calcite, and (3) zeolites.

Saction 1, 90-92 cm, piece 18: Highly altered basalt in sill interior, i
Phenocrysts: Plagludm (AnBS) 10%, 0.3-1.0 mm [AnE5). pt
clinopyraxens 10%, 0.2-1.0 mm, microphenocrysts, cloar tq light bmwn ﬂm.hi
Groundmass: Plagioclase 10%, 003 mm; clinopyroxens 10%, 0.03 mm; magnetite 15%,
0.03 mm; glass 60%, mesotasis.
Alteration: Green clays in veins and groundmass replacing olivine and glass,
Texture: Intersertal, mesotasis.
Bection 1, 125-127 cm, Piece 4: Highiy altered basalt in sill interval, a1 a vein,
Phenocrysts: Olivine ~ 1%, ~0,6 mm pseudomorphic (clay); (aphyricl.
Groundmass: Plagioclase 15%, 0.01-0.056 mm; clinopyroxene 10%, 0.01-0.05 mm; magnatite
10%, 0.01.0.08 mm; glass 65%, altered rrmmn

ysts +

ysts;

A-Ilemlon Clays in vein and patches [l fi and alivine; zeolites
and chiorite veins and patches replacing plagiocl i and g d

Texture: Intersertal, mesostasis.

Shipboard Geometry (XAF, %): me&nﬂl’hvlm P!wrliu

Altered basalt Intarval

5i0, 48.38 Intensity (10-3 arrvu!ul a.o

Tio, 1.40 NAM Incl. (") —49.7

Alg04 15.01 MDF (Oe.) 105.0

FeD 9.47 Stableincl, (*] —438

MO 0.14 Vp I (km/s) -

MgO 7.34 Vi (kmis) =

Ca0 11.02 D {glemi -

Nay0 - P (%) =

Ko0 0.67

Py0g 022

Total 93.65

LOIT 7.38

FeD*+ MgO 1.29

Ca0 + AlyD4 0.72

FeQ”® - Tiog 6.76

“Heated to 110°C for six hours prior to detzmmination of LOI
tLOI = Loss on ignition at 1050°C
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VISUAL CORE DESCRIPTION ?

FOR IGNEQOUS ROCKS LEG| SITE |g| CORE

sl1[als[2] [ le[o] [2
Depth: 560.0 1o 561.5m

MAJOR ROCK TYPE——MASSIVE APHYRIC BASALT SILL, same unit as above in 60-Section 1.

SECT.

Macroscopic Description:

Massive aphyric basalt sill with veins, of calcite, and
Pieces 1, 2, 3A, 3B, 10-60cm: Slightly coarse grained.

Pieces 4 and 5, 60-98 cm: are transitional zone,

Piece 6, 98-150 cm: fine grained [aphyric),

Thin Section Description:

Section 2, 21-23 em: Basalt and calcite vein in sill (Piece 2),

Phenocrysts: Olivine 1%, 0.5 mm, pseudomorphic after graenish brown clay; plagioclase (AnS8)
2%, 03086 mim, :lmopwomﬂc {augite) 0.2-0.5 mm; euhedral,

15%; 400, 0%, glass

Alteration: anuunce is 11} calgite, l?J green :Ja\r. (3} zeolite plus chiorite in veins.

Texture: Spherulitic 1o intersertal, mesostasis.

Section 2, 53-57 ¢m, Piece 38: Altered diabase from sill interior

Phenocrysts: Aphyric clinopyroxens.

Groundmass: Plagicclase (An68] 35%, 0.2-1.0 m; elinopyroxene 35%, 0.1.0.4 mm; magnatite 10%,
0.01 1o 0.1 mm.

Aleration: Clays 20% ing cli

Texture: Equigranular to microdishasic.

Section 2, 103-107 cm, Piece 6: Altered basalt in sill interior.

Phenocrysts: Plagioclase (An73) 2%, 0.5-0.7 mm; clinopyroxene {augite] 1%, ~0.2-0.5 mm, skelatal
and =uhndrd

plus calcite and clay,

and

and in diktytaxitic vugs.

Plagiocl 15%.; 15%; magnetite 10%; glass 0%, aitered mosostasis.

Alteration: Zeolite, green smectite, chlorite, nantronite Fe h\fdmxldn and oxides in veins,
Glass in groundmass nmmd 10 browen and groen clays.

Texture: Hyalopill itic, variolitic,

Section 2, 135139 mw Piece 9: Altered basait.

Phencerysts: Olivine 1%, 0.3-0.5 mm, altered, Plagloctase (AnBD) 1%, 0.3-0.7 mm;
clinopyroxene (augite} 2%, 0.2-0.4 mm; and spinel,

Groundmass: Plagioclase 10%, <0.02-0.1 mm; clinopyroxens 40%, quench phase, <0.02:0,1 mm;
magnetite 20%, <0.02-0.1 mm; and glass 30% (altered)

Alteration: Zeolite and chlorite replacing plagioclase; clay replacing glass in the groundmass;
and olivine pssudomorphic of smectite,

Texture: Hyalopilitic, glomerophyric.

Shipboard Geochemistry (XRF, %l: Paleomagnetism/Physical Properties:
Altered basalt Interval m 63-65ecm  78-80 em
139-142 em Across Vein

Si0g 48,65 Intensity (103 emufee) 3.8 - -

TiDg 1.42 NRM Incl, [*} —38.2 - -

Al203 15.37 MDF (Qe.) 115.0 - -

FeO 10.36 Stable Incl. *) 36,1 . -

MnO 0.15 Vo (kmis) - 5.15 4.05

Mg 786 VP (km/s) - 4.23

Ca0 11.40 D fg/ec) - 280 -

NazO - P (%) - B.1 -

K20 0563

P205 0.25

Total 97.08

Loi 4.96

FeD = MgD L3

Ca0 1 ARG 074

FeO : TiD2 7.20

9% 4LIS
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VISUAL CORE DESCRIPTION g
E

FOR IGNEOUS ROCKS LEG | SITE CORE |SECT.

6[1alelz] [ [s]o] |s
Depth: 5615 t0 563.0 m
MAJOR ROCK TYPE——MASSIVE APHYRIC BASALT SILL

Macroscopic Description:

Massive aphyric basalt sill with veins, of celadonite, calcite, and plus calcite and clay.

Same unit as above in Core B0, Section 1. Pieces 1-15 {140 cm) are fine grained,

Thin Section Descriptions:

Bection 3, 34-36 cm, Piece 3: Highly altered aphyric h&ult from lnv:no: cf sIIl

Phenocrysts: Olivine <1-2%, 0,1-0.2 mm, equidi ioclase [AnT0-80)
1-15%, 0.2-0.6 mm elongated-tabelar; cli Ewpte! 122% 02-04 mm, euhedral to
mun:led spinel < 1%; picotite, 0.01 mm ion in olivine

Plagioclass 1-5%, microti i tr, di d <0.02 mm; glass 78-99%

{totally altered), variolitic aggregates.

Alweration: Clay {reddish brown) in groundmass l!plu‘:lﬂg glass; chlorltu in veins and replacing
all minerals; veins of zeclites in g o and i ing olivine in
phenocrysts. Chlorite in veins replacinq all minerals,

Texture: Variolitic.

Section 3, 66-69 cm, Piece 7: Altered aphyric basalt sill.

Phenocrysts: Olivine 2%, 0.2-0.6 mm, altered, euhedral; plagiociase (An80-72) 8%, 0.2-2.0 mm,
elongated laths, marginal rims more acid; clinopyroxene trace.

Gmunr.iman Plagioclass (An78) 10%, <0.2 mm, microlites; clinopyroxane 30%(7), <0.05 mm,

grains and stel 99 > 1%, <0.02 mm, dust-like: iimenite(?);
glass 59%, intersertal, partly altered,

Alteration: Clays {70%) in groundmass replacing glass {to brown smectitel; chiorite {light green)
in veins replacing all minerals; alivine in phenocrysts altered to smectite,

Texture: Variolitic.

Section 3, 97-102 cm, Piece 11: Alered aphvnc baun sill

Phenocrysts: Olivine 7%, 0.1-0.2 mm, d h (AnB5-55) 15%,
0.04-1.0 mm; elongated laths, g hyric - elinop 5%, 0.2:0.4 mm,
idi ional, rounded, di inated crystals.
Groundmass: Plagloclnse 10%, «<0.2-0.06 mm, small microti ion distinet; clinopy 2%,

<0.04 mm, rounded grains; disseminated grains and stelleo sggregate; magnetite 20%, <0.004 mm,
dust-like; ilmenite{?); glass 68% altered.

Altaration: Reddish-brown Fe-rich saponite(?) and ite {i itial) reg g olivine,
plagioclase and all glass in groundmass.

Texture: Hyalopilitic to variolitic.

Section 3, 108-113 cm, Piece 12: Altered -whvﬂc bhasalt sill.

Phenoerysts: Olivine 7%, 0.1-0.4 mm; equidi I phs; (And2-65]) 2%,
0.5-0.2 mm, elongated laths, often g iporphy ! linopy 1%, 0.2:0.6 mm,

i i | i i crystals,

Groundmass: Plagioclase (AnB0-45) 30%, <0.5 mm, microlites, more acid margins; clinopyroxens
16%, <0.2 mm, intersertal, round; magnetite 20%, <04 mm, dust-like disseminated grains;
iimenite{?); glass 35%, interstitial, altered.

Alteration: Fe-rich smectite (40%) in groundmass and phenwvm replacing olivine and glass;
chlorite (5%)] replacing plagioclase of gl i

Texture: Intersertal.

Paloomagnetism/Physical Properties ©

Interval 41 em
Intensity (103 emu/ee) 3.2
NRM tnel, (*) -46.7
MDF {Oe.) 140.0
Seabla Incl. (*) —42.9
Vpu (kmfs) -
Vp i (km/s) -
D (gfec) -
P (%] -

cm
0 —

150 —

Piece Numbear

(e oot

—a=  Orientation

——
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TSSSSNNSNNNN Alteration

Special Storage

VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

LEG

SITE

CORE

SECT.

6]1

als]2

ls]o

MAJOR ROCK TYPE—MASSIVE APHYRIC BASALT SILL

Macroscopic Description:

Muassive aphyric basalt sill with veins, of celed

calcite, and

Same unit as above in Core 60, Section 1. Pieces 1-3 are aphyric basalt.

Paleomagnetism

Interval Sem
Intensity (10 emu/cel 7.9
NAM Incl. (") —34.4
MDF (O} 160.0
Stable Incl. (") -342

Depth: 563.0 1o 5645 m

plus calcite and clay.

9% 41IS
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE CORE |SECT.

6[1]afe]2] [ [s]1] |1

Depth: 567.5 to 569.0 m

MAJOR ROCK TYPE——MASSIVE APHYRIC BASALT SILL

Macroscopic Description:

Massive aphyric basalt sill with veins, of calcite, and plus calcite and clay.
Same unit as above in Core B0, Section 1. In Piece 14 {133-150 cm) sulfides occur on basalt
surface,

Thin Section Descriptions:

Section 1, 105-108 cm, Piece 10: Altered diabase sill.

Phenoerysts: Olivine < 1%, 0.4-0.5 mm, pseudomorphs; plagioclase (An60 zoned to An30 at
rim) < 1%, 0.5-1.0 mm; clinopyroxens (2V ~65°, augite) < 1%, 0.1-0.2 mm; spinel < 1%,
0.04 mm, inclusions in olivine only.

Groundmass: Plagioclase 50%, 0.2-0.4 mm; clinopyroxene 45%, 0,07-0,1 mm, rock contains
clots (24 mm}: 5%, 0.4 mm, euhed

Alteration: Olivine phenocrysts altered to green clay; clays 10% replacing clinopyroxene,
plagioclase and groundmass.

Texture: Hyalopilitic, diabasic.

Paleomagnetism/Physical Properties:

Interval 117 em 48-51 cm 126-128 cm
Intensity (10-3 emu/cc) 9.8 - -

NAM Incl, (*) —44.2 = -

MDF {Oe.) 70,0071 - -

Stable Incl, ) =36.047) - -

Vp i (kmfs) - 5.53(7) 5.35(7)

Vp i (kmis) - 5.47(7) 5.33(7)

D (p/ce) - 296 2.89

P (%) - 49 49

=

0O m b
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VISUAL CORE DESCRIPTION
FOR IGNEQOUS ROCKS LEG | SITE CORE

l1]als[2] | [s]1] |2
Depth: 569.0 to 570.5 m

SECT.

MAJOR ROCK TYPE——MASSIVE APHYRIC BASALT SILL

Macroscopic Description:

Marssive aphyric basalt sil with fractures. Same unit as above in Core 80, Section 1, of celadonite,
calcite, and celadonite plus calcite and clay. Pieces 2, 4 and 7 are small particles [artifact(?)

of drilling(71].

Thin Section Description:

Section 2, 53-56 cm, Piece 5: Altered diabase sill.

Phenocrysts: Olivine (7} pseudomorphs; plagioclase (An70) < 1%, 0.5-1.0 mm,

Groundmass: Plagioclase (AnB0 zoned to And0) 0.3-0.5 mm; clinopyroxene {augite, 2V ~60°)
40%, 0.1-0.4 mm; magnetite 5%.

Al i Clays (b hl (20%) replacing olivine p ysts and o d
Shipboard Geochemistry (XRF, %): 2 ism/Physical P
Interval 53-56 em Interval 48 em
50, 48.65 Intensity (103 emujec) 5.2
Tia, 146 MRM Incl. (] —40.2
AlyOq 1433 MDF (Qe.) 55.0
FeO 11.94 Stable Incl. (") =34.8i0
MnO 0.20 Vo (km/s) =
Mg 7.32 Vi (kmis) -
Cs0 11.72 D (g/ec) -
Na,O - P %) -

Ky0 0.09

Pa0g 0.22

Total 95.95

Lol 0.85

FeQ + MgQ 1.63

Cal+ Al 081

FeO: TiOy 817

9% LIS
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VISUAL CORE DESCRIPTION
FOR IGNEQUS ROCKS LEG | SITE CORE |SECT.

6[1 alalz J_slz |1

Depth: 576.6 10 578.0m

MAJOR ROCK TYPE——MASSIVE APHYRIC BASALT SILL

Macroscopic Description:

Massive aphyric basalt sill, with veins of celadonite.
Same unit as Core 60, Section 1.

Fine grained - 1-116 em;
Transitional zone = 116122 cm;

Slightly coarse grained = 116-122 em.

The basalt in the section appears to be slightly fresh.

Thin Section Descriptions:

74-81 cm, Piece 7: Altered diabase.

Phenocrysts: Olivine < 1%, 0.3-0.6 mm, pseudomorphs; plagioclase |An80 zoned to AnS0) < 1%,
0.5-1.0 mm.

Groundmass: Plagioclase (An75 zoned to AndD)  40%, 0.5-0.8 mm; clinopyroxene 55%, 0.3-0.5 mm;
magnetite 5%, 0.05-0.2 mm, ti-magnetite, subedral,

Alteration: Brown orange clay pseudomorphs after olivine; clays {10%] replacing plagioclase and
clinopyroxene.

Texture: Diabasic.

127-129 cm, Piece 10: Altered basall.

Phencerysts: Olivine < 1%, 0.6-0.8 mm, pseudomorphs, plagioclass (An74) < 1%, 0.2-0.4 mm;
clinopyroxene {augits] < 1%, 0.08-0.2 mm, altered glass inclusions.

Groundmass: Clinopyroxene, greenish altered; quench; limenite 20%, 0.003-0.03 mm, “railroad-
track " textured; ti-magnetite; glass quench,

Aleration: Green clay (20%) replacing olivine phenocrysts; chlorite (60%) replacing plagioclass,
glass inclusi and variolitic g i

Texture: Variolitic.

Shipboard Geochemistry (XRAF, %): Paleomagnatism/Physical Properties ;

Interval 79-81em 127128 em  Interval 13Zem 8587 cem
5i04 48.83 50.19 Intensity (103 emufec) 34.4 -
Tiog 1.39 218 NRM Incl. (") —44.2 -
AJZOB 13.56 16.24 MDF (Oe.} 175.0 -

FeO 12.33 11.66 Stable Incl, ("} 428 -
MnO 021 0.29 Vi o {km/s) 5867
MgO 6.61 6.52 Vp & (kmis) — 5.85(71
Ca0 1153 730 D (glec) - 288
Nag0 - - P (%) - 52
Ko0 0.06 1.08

P2°5 022 0.24

Total B4 84 9571

Lol 0.70 259

FeO + MgO 1.86 178

Ca0 + AlyO3 085 045

FeO + TiOz 887 537
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VISUAL CORE DESCRIPTION g
FOR IGNEOUS ROCKS tea | sie [k

CORE |SECT.

6l1]alel2] | ls]2

Depth: 578.0 to 579.5 m

MAJOR ROCK TYPE—MASSIVE APHYRIC BASALT SILL

Macroscopic Description:
Massive aphyric basalt sill, with veins of celadonite, and celadonite plus calcite and clay.

Same unit as in Core 60, Section 1, Several slight grain size changes occur in this section.

Physical Propertics:

Interval 108 em
Vp o (km/s) 5.31(7)
Vit (kmis) 5.28(7)
D (gfec) 2908
P %) 20

9% 91IS
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SITE 462 HOLE CORE 63 CORED INTERVAL: §79.5 10 5855 m

BIOSTR, | FOSSIL
ZONE  |[CHARACT.

Z| w» o
S| = | GRAPHIC g" LITH I PTION
w |2 18| |2|8] |E]E | FHSEE %gﬂ 0LOGIC DESCRIPTION
g 1=21|2 5 HEIEIE =
515185/3(5]° =2
E Zlejh|Z|x bad

T 0.0-0.6 m. Bisck (N1 CLAYSTONE.
0.61.8m. BASALT. See detailed descrimtion m *“Vissal
Core Deseriptions of Igneous Rock”™’

THIN SECTION DESCRIPTION
1. 26-29 em: Highty altered volcanogeric siltstone;

1.0—_ daminantly vobcarngenic detiriy with a fabrie of Intorgrown
. geven secondary clay minerals. Some detrital graing hive
- BASALT recognizabln preudamanphic outlines, which wre replaced by
eay minarals
1 voip

9% 4LIS
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Piece Number

VI SRRSO [l s

Orientation

=

k.

§
=}

B %
i § 8 5 §.2 B 8
® g VISUAL CORE DESCRIPTION L E 28 3 2 VISUAL CORE DESCRIPTION f
g 5 FOR IGNEOUS ROCKS LEG | SITE |g| CORE |SECT. 2 ,QE = -E - g FOR IGNEOUS ROCKS LEG | SITE |g| CORE [SECT.
G g EE 5 G
& 24 s[1]afsf2] | [s[s] [ m £ 25 G T4 6[1[al6]2] | [e[a] 2
0 — —
'} Depth: 579.5 105809 m o 7] Depth: 580.9 10 582.4 m
MAJOR ROCK TYPE: 0-67 CM BLACK (N1) CLAYSTONE and ALTERED BASALT SILL -1
// MAJOR ROCK TYPE——MASSIVE MICRODIABASIC BASALT SILL
Macroscopic Description: —
r Sa_n sedimentary core form for detailed description of sedimentary material. Altered basalt sill " Maeroscopic Description:
11 with hyalopilitic and_v folitic vextures and veins of Celadonite. Grain size increases from T Homogeneous microdiabasic altered basalt, with very sparse plagioclase phenocrysts as in bottom
! 64 to 68 cm. Alteration is almost complete at 136 to 150 cm. o of Section 1. A vein of celadonite occurs at 70-83 cm,
q o — Thin Section Description:
Thin Secti iption: 4
%7l lpSuction Discrintlon : 77-83 cm, Pioce 5: Altered disbise
64-68 cm, Piece 8: Alternd basalt from sill: Ph P | 1 11 5 i
) Phenocrysts: Plagioclase [An78-An30) 2%, 0.2-0.5 mm; clinopyroxene (sugite) 2%, 0.2-0.3 mm. 2 bl oo %,'g'ﬂ' il 1AN<2, o sctica). . )
% Groundmass: Plagioeipe{AnBD 2oned) 20%, 0.1-40.2 mnm; clinpyroens, Gominon quench V.0 ';unr::r;;; Ilagloclau- {An mﬂ!.- 10 And2 un.n:I 40%, 0.1 I0.3 mm; :hr.lopwum:ve [augite)
textured but replaced; magnetite [ti-magnetite(7)] 20%, ~0.01 mm. - s vy COUNLINg the sery] cliacy 206 mm;g cloR Wit
4 t i iocl i 3 :
A Alinrition;: Cleys m?d chlorite (tatal 80%F raplacing plaglociass. clinopyroxene and groundm:s - Alteration: Brownish clays and chlorite (40% total) replace clinopyroxens and plagiociase, and
intergrown chiorite plus clay, i Farm vel
A Texture: Hyalopilitic, variolitic. 3 T 10 ,o Di ‘::."
A 132136 cm, Pisce 9: Altered diabase sill 1 sture: Diabsic.
Phenocrysts: Plagioclase < 1%, 0.8:1.0 mm, 50— N Shipboard Geochemistry (XRF %) Paleomagnetism/Physical Propertics:
// Groundmass: Plagioclase {An78 zoned to AnB0) 40%, 0.1-0.6 mm; clinopyroxens (sugite) 20% Interval 79-83 cm Interval 71em 3234 em
{60% counting altered clinopyroxene), 0.1-0.2 mm; magnetite (ti-magnetite) 10%, 0.1-0.3 mm. da 5i0, 1.84 Intensity (103 emufec) 7.1
r Al i Clays (b ishl and chlorite replacing clinopy and plagioc | Ti0, 1.84 NARMIincl. (") -32.2 -
v.,0.pt of clay and chlorite. - AlyOg 1482 MOF {Oe.) 55.0 -
Texture: Diabasic. FeQ 1214 Stable Incl. () -39 -
T U Shipboard Geochemistry (XAF, %}: 2 ism/Physical Properti E Mn0 018 Vi 1l (kmis) - 4.83(7)
1 Interval 132:136 em Interval 89 cm 58-60 cm MgO 7.80 VL tkmis) = 4.80(7)
" Si0, 4881 Intensity (103 smu/eci 6.0 - s M €a0 10.21 D {gfec) 284
% Tio. 1.76 MRM Incl. (*) —46.4 - J Nag0 = P %) ~
m,gs 14.38 MDF {Oe.) 50.0 - 1 K29 00z
’ FeO 12,09 Stable Ind. (*) ~44.0 - X Po0g 0.26
4 MnQ 020 Vi Uikl ¥ =1 =] Total 96.12
Ca0 11.08 Vp L (kmfs] - 3112 Js 0 Lol 1.96
" ,f NigO - D lgec) - 232 D FeO + MgD 1556
Ky0 0.14 P 1% - 36.1 =1 Ca0 + Aly04 0.69
) FZOE 0.25 FeO + T'rO:, 6.58
LA Total 86.27 L
Lot 1.28
L Fel+ MgD 1.58 00—
] Cs0 = Al,O 077
’ FeD: TiOy 6.86 7
1
A ]
I 1D
11 7]
] s @
4
1
®T 1 =
1l
A -
// —p
4 509
0
L1 150 — o] -

9% 9LIS
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE CORE | SECT.

3[1 4]5[2 IEIS |3

Depth: 5824 to BBIB m

MAJOR ROCK TYPE—MASSIVE MICRODIABASIC BASALT SILL

Macroscopic Description:

Homogeneous microdiabasic basalt with very sparse plagioclase phenocrysts. Same as Core 63,
Section 2 with the exception that it goes through grain size maximum at the end of Section 2
and decreases thereafter. Veins are celadonite,

Thin Section Descriptions:

118-122 cm, Piece 7: Altered diabase.

Phenocrysts: Plagioclase < 1%, 0.8-1.1 mm.

Groundmass: Plagioclass (An70 zoned to And2) 40%, 0.1-0.3 mm; clinopyroxens (augite)
200 (50% if altered clinopyroxens included), 0.2-0.5 mm; gl hyric clots with plagi

Alteration: Brownish clays and chlorite (>40% total) replace clinopyroxene and plagioclase,
and also torm veins.
Texture: Diabasic.

Shipboard Geochemistry (XRF, %): F ism/Physical F ies:
Intarval 118127 em Intarval 40 cm 117-120 em
5i04 49.07 Intensity 103 emu/ecn 9.5 -
TiOg 1.85 NRM Incl. ("} —43.0 -
AlyOq 15.08 MOF (Oe.) 85.0 -

FeQ 11.73 StableInd. (") 437 -
MnO 0.23 Vp 1 (kmis) - 4727
MgQ 7.9 Vp L (km/s) 4.83(7)
Cad 10.25 D {gfec) - 283
Nag0 - P %) = =
K,O 0.04

P‘ZGE 0.25

Total 95.69

Lol 1.50

Feld = MgD 1.63

Cal + A|203 0.68

Fel + TiDz .34

Piace Number
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3
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Orientation
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VISUAL CORE DESCRIPTION
FOR IGNEQOUS ROCKS LEG | SITE CORE

mrox

SECT.

B]1 4]6-[2 |6 |3

Depth: 583.810584.4 m

MAJOR ROCK TYPE—MASSIVE MICRODIABASIC BASALT SILL

Macroscopic Description:
Homogeneous microdiabasic basalt sill, with very sparse plagioclase phenocrysts.
Same as Section 3. Celadonite veins near 3 cm, 10 cm and 43 em in Section 4.

9% 4LIS
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VISUAL CORE DESCRIPTION
FOR IGNEQUS ROCKS LEG | SITE

6[1[a]e]2] | [e]a] [+

Depth: 585.5 to 587.0m

CORE |[SECT.

MAJOR ROCK TYPE—SPARSELY PHYRIC HOLOCRYSTALLINE BASALT and
VOLCANICLASTIC SILTSTONE and CLAYSTONE

Macroscopic Deseription:
Sparsely plagioclese phyric holoerystalline basalt. Chilled margin at contact with sedimentary
material at 30 em. See sedimentary core description for details on sedimantary material.

Thin Section Descriptions:

13-16 em: Doldrite near margin of sill,

Phenocrysts: Plagiociase (An55) 5%, 0.3-0.4 mm subhedral-prisms; clinopyroxens 5%, 0.3-0.4 mm,
subhedral.

Groundmass: Plagioclase 40%, 0,06-0.1 mm: clinopyroxene 40%, 0.03 to 0.09 mm; magnetite 10%,
0.03:0.1 mm.

Alteration: Clays (20%) replacing plagiociase and py

Texture: Subophitic; microlite groundmass,

28-30 cm: Hyalopilitic basalt at glassy margin.

Phenocrysts: Plegioclase 3%, 0.2 mm, prismatic; clinopyroxens 1%, 0.2 mm, subhedral.

Groundmass: Plagioclase 40%, <0,06 mm, spherulitic texture; clinopy 5%, <0.05 mm;
magnetite 5%, <0,056 mm; glass 46%, alwered.

Alteration: Interstitial clays (40%) replacing glass and pyroxene.

Textwre: Hyalopilitic.

Shipboard Geochemistry (XRF, %): Palsomagnetism/Physical Properties:

Interval 4-6 cm Interval 76 em
Si04 49,45 Intensity (103 emufee) 3.3
Ti0 . MRM incl. () =456
AlaOq 16.53 MDF (Oe.) 3200
FeO 10.78 Stable Incl. ("} ~46.7
MnQ 0.3 Vp i (km/s)

MgD 752 Vpi kmis) -
cad 1005 D (glee) -

N - P (%) =

K. 0.04

P,0g 0:22

Total 95.80

Lo 1.27

FeO + MgO 143

Ca0 £ AlyOy4 065

FeO + THD: 5.64

9% 4LIS
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SITE 462 HOLE CORE 84 CORED INTERVAL: 585.5 16 594.5 m

BIOSTR, | FOSSIL
ZONE  |CHARACT

Zl o o
2| £ | GRAPHIC g LITHOLOGIC DESCRIPTION
w 2 § 2(8| |5| & | umHoLoGy §3
i
2|2 583 R =2
REIFE B
0.00.34 m. BASALT. See cetailed description in “Visual
Core Descriptions of Ignaou Rock™.
F— 0.34-3.36 m. Daminantly greenish black [5G 2/1)
1 VOLCANICLASTIC SILTSTONE 1o CLAYSTONE with
/ faint i and nations. Some uni i
fish debris and iars noted by the i
3.34 m, Grayish-brown (5YR 3/2) VOLCANICLASTI
CLAYSTONE.
33557 m. BASALT. See cetalled description in “Visual
Core Deseription of Igneous Rock”.
SMEAR SLIDE %)
Valcanic
Clayssone  Clayrions
2 TEXTURE AND 140 334
MINERALS ] ™
Sand vire - -
Siltsien 20 =
Clay size 80 -
Clay 80* 0
2eclite Tr -
Wolcanic glass (altered) 20 B
= *Mainky chiorite
- **Altered to clay
3 ]
4 BAsALT
1
.
al 3
4 voio

9 LIS
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VISUAL CORE DESCRIPTION E
FOR IGNEOUS ROCKS LEG| SITE (g

CORE |SECT.

6l1[a]slz| | [s]a

Depth: 5B88.5 to 5899 m

MAJOR ROCK TYPE—SPARSELY PHYRIC and APHYRIC HOLOCRYSTALLINE BASALT

Macroscopic Dascription:

~41 to ~85 cm: Sparsaly plagioclise phyric holocrystalline basalt, with celadonite veins.

~85 to ~110 cm: Holocrystalline basalt, with celadonite and pyritic veins.
~110 to ~133 em: Holocrystalline aphyric basalt.

Thin Section Description:
B80-82 em: Dolerite near interior of sill.
Phenocrysts: Plagioclase [AnB5) 1%, 0.8-1.6 mm maximum 4 mm, few phenocrysts, but

most microp ysts; el 3%, =05 mm, subhedral.
Groundmass: Plagioclase 43%, 0.05-0.65 mm, prismatic to microlitic; clinop
40%, 0.03-0.4 mm, subhed i ic to microlitie; magnetite 13%, 0.01-0.2 mm,
Al ion: Clays (5%) di inated spots replaci i and py L

Texture: Subophitic,

Shipboard Geochemistry (XRF, %): Physical Proparties:

Interval 79-81 cm Interval 48-50 em
si0, 49.33 Vp 1 (km/s) 488
Ti0y 184 Wp i (kmis) 4.82
AI:OB 14.78 D (glec) 2,79
Fel 11.78 P (%) na
MnO 023

Ma0 7.64

Ca0 8.97

Nay0 -

K40 0.04

F205 022

Total 94.80

LI 203

FeQ+ MgD 1.63

Ca0 + Al,Oyq 0.60

FeO + Ti02 6.38

150 —

Fiece Number
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H
VISUAL CORE DESCRIPTION 2
FOR IGNEOUS ROCKS LEG | SITE |g| come [sEcT.
Bl1 4]5'2 Iﬁlé |4
Dopth: 589.9 to 5914 m
MAJOR ROCK TYPE——APHYRIC HOLOCRYSTALLINE BASALT
Macroscopic Description:
Homogeneous aphyric holoerystalline basalt with celadonite and pyrite in veing.
Thin Section Description:
6567 cm: Dolerite in transition zone of sill margin ta its interior
Phenocrysts: Plagiociase (Angp) 5%, 0.5-0.7 mm, euhedral to subhedral; cl ¥ 5%,
0.4-0.6 mm, subhedral; ti-magnetite 2%, 0.4-0.6 mm,

Groundmass: Plagioclase 38%, <0.15 mm, subhadral to euhedral; el 38%,
<0.1 mm, subhedral; magnetite 12%, < 0.8 mm, euh I; gr i minerals to

Altersuion: Clays (~5%) in spots replacing pyroxens and plagioclase.

Shipboard Geochemistry (XRF, %) Paleomagnetism/Physical Properties:
Interval 74-76 cm Interval B0 cm
Si0y 49.71 Intensity (10-2 gmu/ce) 6.7
Tiog 1.64 NAM incl, (") -50.2
Al 03 1359 MDF [Oe.) 40.0
Fe 12.82 Stable Incl, ("] ~53.4
MnO o2 Vp i {km/s) -
Mg 7.61 Vp L (kmis)

Cal 11.18

Nay0 -

K:,O 0.09

Py0g 0.25

Tatal 97.08

Lol 0.36

FeO+ Mg0 168

Ca0+ Al,O4 0.82

FeO+ TiOg 781

9% 41IS
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG

SITE
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6|1
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MAJOR ROCK TYPE——APHYRIC HOLOCRYSTALLINE BASALT

Macroscopic Description:

Homogeneous aphyric holocrystalling basalt with celadonite and pyrite in veins.

9% H.LIS
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SITE 452 HOLE CORE g5 CORED INTERVAL: 5845 10 599.0 m
BIOSTR, FOSSIL
ZONE  |[CHARACT. ulz
z| w £
" o |t S| = | cRAPHIC |oZ[SE g LITHOLOGIC DESCRIPTION
w |2 g 2|8| |5| ¥ | uTHOLOGY (=2 %
2 |= HHEEAEE = ﬁ
5 1Z|2|15|2|9|7 = z2 15 =3
2 [z|2|8|z|= 05 3
— & T 000z '
m. Gresnish-ddack (SGY 2/1] and BG 2/1)
E VOLCANICLASTIC SILTSTONE and CLAYSTONE,
I1.5—- locally moolitic
- 0.2:3.2 m, BASALT, See detailed doscription in “'Visual
1 7] Core Descriptions of Igneous Rogk”.
1.0 SMEAR SLIDE (%]
j Zuolitic
3 TEXTURE AND b
149
7 (BARALT MINERALS D)
- Sardl slee ~
- ik size m
- Clay size k)
2 - Clay 30
4 Waleanie glass [atterad) 50
] Zedlite 20
- Fish remains. T
m THIN SECTION DESCRIPTION
-] 1, B8 em: Highly sltered witric wif; mainly glass particles
attornd to well-coyitallized elay minerdh; 2oolites in pores.
4 voio
3 ]
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

mrox

LEG SITE CORE

61| del2| [ [s]s] [1

Depth: 584.5 to 596.0 m

MAJOR ROCK TYPE—VOLCANICLASTIC SILTSTONE and CLAYSTONE, and
MASSIVE BASALT SILL

Macroscopic Description:

See sedimentary visual core descriptions for the sediment descriptions. Massive, altered, subophitic

dolerite, with caladonite veins, It is dark greenish gray (5G 4/1). With the unaided eye the

basalt, at the contact between sedimant and basalt, does not appear to have s “chilled margin”,

although the grain size is fine,

Thin Section Descriptions:

22.24 em: Dolerite near margin of sill.

Phenocrysts: Plagioclase [AnG0-33) 8%, 0. 308"1411. i ic to ph 518,
clinopyraxens 13%, 0.4-0.7 mm, subh h ysts; ti-magnetite 4%, 0.3-0.4 mm,
microphenocrysts.

Groundmass: Plagloclase 30%, 0.05-0.15 mm, iuhhadlai cllncpvm:enem 0.03-0.1 mm,
prismatic: magnetite %, 0.03-0.8 mm; plagi aned Py i
quartz and alkali feldspar as gnmphwr. mmgmwnh

Alteration: Clays (6%, in spots, rep ] oy and plagiocl;

Texture: Subophitic.

100-102 em: Dolerite near interior of sill.

Phenocrysts: Plagioclase (AnB0) 10%, 0.4-0.7 mm, ic to yats,
clinopyroxena 10%, 0.3-0.7 mm, subhcd.riﬂ mlcmnhenmvus ti-magnetite 3%, 0 3-0.4 mm.

Groundmass: Plagioclase 33%, 0.05-0.15 mm, subhedral; clinopyroxene 33%, 0.03-0.1 mm,

prismatic: lasa and clinopy 1o intersertal; ite 11%, 0.03-0.08 mm.
Alteration: Clays (6%}, in spots, replacing clinopy and plagioch
Texture: Subophitic to intergranular,
Shipboard Geochemistry (XRF, %): Palnmqnmmmh\uiﬂ Properties:
Interval 27-30 em Interval 34 cm 3840 cm

Si0. 49.44 lmenmvnu-"mf«l 38 —

Til 166 MRM Incl, (") =
Al203 13.60 MDF (Oe) 55 0 -

Fi 12.61 Stable Incl, ("} ~50.8 -
MnQ 021 Vp i ikm/s) = B.4417)
MgO 6.895 Vi (km/s) - 5.33(7)
Cad 11.03 D (gfec) - 297
Neg0 - P (%) - 65
K20 0.08

P20s5 0.24

Total 85.79

LOI 041

FeD+ MgD 1.81

Ca0 + AlpD3 081

FeO + TiO2 7.59

10 m:ermmul:r,

o§

Piece Number
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VISUAL CORE DESCRIPTION P
FOR IGNEOUS ROCKS LeG | sime [g| core [sect.

sl1falelo] | le]s] [2
Depth: 596.0 to 597.6 m
MAJOR ROCK TYPE——MASSIVE BASALT SILL

Macroscopic Description:

Massive subophitic dolerite, moderately altered and with celadonite veins, Same unit as in

Core 65, Section 1.

Thin Section Descriptions:

20-22 ¢m: Dolerite near interior part of sill,

Phenocrysts: Plagioclase (An57) 16%, 0.3-2.0 mm, prismatic to subhedral, zonation in coarse
grains; clinopyroxene 6%, 0.4-0.7 mm, subhedral; ti-magnetite 4%, 0.3-0.4 mm,

Groundmass: Plagioclase 35%, 0.06-0.15 mm, subhedral; :I!nop\frmnnc 30%, 003 0.1 mm,
prismatic; plagiociase and clinopyroxene d w0 & mag o,
0.03-0.08 mm; quartz is present.

Aleration: Clays [8%) in spots replacing clinop s p

Texture: Subophitic.

120-122 em: Dalerite transitional zone between the margin and interior of the sill.

Phenocrysts: Olivine 1-2%, 0.3-0.7 mm, subhedral altered margins: plagioclase |An72-50) 13%,

0.4-0.7 mm, subhedral to prismatic; clinopyroxene 5%, 0.3-0.45 mm, subhedral; ti-magnetite 4%,

Gmuﬂdnmss ?Iaulociase 35%, 0.05-0.15 mm, subhﬁlra‘ clinopyroxene 30%, 0.03-0.1 mm,

and Py to gneti |2% EIﬂ?-Olmm

Aleration: Clays (5%) in spots, replacing , olivine, and plag . pl
rims of olivine.

Texnture: Subophitic.
Shipboard Geachemistry (XRF, %): Pall ism/Physical P ies
Intarval 23-26 cm Interval 22em 7-8em
50, 49.03 Intensity (103emajecl 92 —
Ti0. 165 NAM ind, '} -48.2 -
AI263 13.22 MDF (Oe.) 80.0
FeD 1290 Stable Ingl, (*) -48.3 -
MnO 021 Vo (kmis) - 54317
MgO 6.90 Vp 1 {km/s) = 541(7)
Ca0 10.91 D (gfee) - 2.96
N'aEO - P (%) - 6.2
Kol 0.03
Pa0g 023
Total 95.35
LOI 0.52
Fel+ MgO 1.86
Ca0 + AlyOgq 0.82
FeD s Ti0y 7.81

97 31IS
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VISUAL CORE DESCRIPTION E
FOR IGNEOUS ROCKS LEG | SITE |g| CORE |SECT,

61]alel2] | [s]5] |3

Depth: 597.5 10 599.0 m
MAJOR ROCK TYPE—MASSIVE BASALT SILL

Macroscopic Description:
Massive, moderately altered, subophitic dolerite with veins of celadonite and calcite.
Same unit as in Core 65, Section 1.

Thin Section Description
27-29 em: Dolerite near margin of sill.

Phenocrysts: Plagioclase [AnG0) 15%, 0.3-0.7 mm, subhedral to ic; clii %,

0.3~0.4 mm, subhedral; ti-magnetite 3%, 0.3-0.5 mm.

Groundmass: Plagioclase 35%, 0.05-0.156 mm, subhedral; clinopyroxene 30%, 0.3-0.1 mm,
prismatic; jioclase and clinopy gr 1o microlitic; guartz 2%, myrmekite
patches, granophryic phase.

Alteration: Clays [8%) in spots,

Toxture: Subophitic.

79t 41IS
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SITE 462 HOLE CORE 66 CORED INTERVAL: 589.0 to 606.0 m

BIOSTR. FOSSIL
ZONE  |[CHARACT.
z|l o R
S| £ | GrapHIC LITHOLOGIC DESCRIPTION
w (28| (2]8| |5|& [ uTHoLoGY _,§S
2 1=2|2|= 5 HIEIE
HHEHHEE et
2 Zlg|k|Z|x bt

0.0:0.16 m. Grayish ret! {10R 472) and grayish blumgresn
{580 6/21 VOLCANICLASTIC CLAYSTONE,

0.16-7.65 m. BASALT. Sew deotaibed description in “Visual
Core Descriptions of lgneous Aodks'

&

SMEAR SLIDE (%)

Silty
Clayione
TEXTURE AND 17
MINERALS o)
7 Clay-Palagonite a7
Heavy minerals Tr
Valeanic glass leftored) 50
= Zoolitn
2 = Cale. nannolodsils T
] Fist ramain T
‘T *Contamination! 7)
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'E 5§ P £ VISUAL CORE DESCRIPTION L E B e g VISUAL CORE DESCRIPTION i
z= o § ] 2 = FOR IGNEOUS ROCKS LEG SITE |g| CORE |SECT. g M E .% 2 FOR IGNEQUS ROCKS LEG SITE |g| CORE |SECT.
8 g § g g § & F 2
cm 2 §.§ 5 & 3 & 61]afs[2 lefs] [1 em 2 §., 55 2 & 6] 1]als|2 lelel I
— 0oy p— —
% Depth: 589.0 to 600.5 m ) /1 Depth: 600.5 10 602.0 m
MAJOR ROCK TYPE-—VOLCANICLASTIC CLAYSTONE and MASSIVE BASALT SILL A
/ — / MAJOR ROCK TYPE——MASSIVE BASALT SILL
Macroscopic Description:
/ See sedimentary visual core forms for detailed description of claystone. Massive, dark greenish T / Macroseopic Description:
/ gray (5G 4/1), moderately altered, subophitic dolerite with veins, of celadonite and celadonite = Massive, moderately ?Iwmﬂ. subophitic dolerite, with veins of clay and celadonite. Same
X7 plus calcite and clay. | unit as Core &6, Section 1 above.
V.DP 17 em, Piece 1A: Recovered contact between basalt and sediment. The basalt does not have a A 57-856 em: Glomerparphyric texture, 2-3 mm in diameter:
L / glassy chill margin, but it has a slightly fine grain-size. ¥ /
1 Thin Section Description n " i i
22.24 cm: Dalerite near margin of sill. - lagloc!
. Phenocrysts: Plagioclase [AnB2-36] 13%, 0.3-0.6 mm, subhedral to icroph ysts; 2 C:l L/ & ikl ot A
clinopyroxene 3%, 0.3-05 mm, subhedral, mi ysts; ti ite 2%, 0.3-0.6 mm; - —
/ microphenocrysts. XT /
Groundmass: Plagioclase 35%, 0.05-0.156 mm, subhedral; clinopyroxene 33%, 0.3-0.1 mm, T3a Thin Section Description:
/ pri ic; i and clinopy to microlitic; ite 14%, 0.02-0.1 mm; quartz B5-67 cm: Dolerite from sill interior.
is present 50— / Phenocrysts: None
/] Alteration: Clays (S%), in spots, replacing clinopyroxene 28 ey Groundmass: Plagioclase |And5-78) d prisms and zoned tabular crystals, 0.1-3.0 mm;
Texture: Subophitic. M/ clinopyroxens 32%, 0.1-3.0 mm, i itial elongated prisms; ite 7%, 0.1-0.5 mm,
/ B6-88 em: Dolerite in transitional zone between margin and interior of sill, 38 v.Dp anhedral, irragular; alkali feldspar 1%, 0.5 mm, i g hyric aggreg
Phenocrysts: Plagioclase (An45) 15%, 0.5-0.7 mm, to prismatic; Py 5%, ’ Alwration; Clays [5%), spotted around ite and py
/ 0.4-0.6 mm, subhedral; ti-magnetite 3%, 0.4-0.8 mm; microphenocrysts. . 38 T / Texture: Dphytic.
Groundmass: Plagioclase 36%, 0.05-0.2 mm, subhedral; clinopyroxene 30%, 0.03-0.1 mm, prismatic,
/ magnetite 12%, 0.2-0.1 mm; quartz is present; groundmass microlitic. —lac E:] / Pal g fPhysical Pt 3
Alteration: Clays {5%), in spots, replacing clinopyroxene. Interval 56 cm 61.563.5cm
/ Texture: Subophitic. - / Intensity (103 gmufce) 4.4 -
% Shipbord Geochemistry (XRF, %): Pal ism/Physical Properties: <] N nol 1) 552 -
Interval 19.21 cm Interval 103em 2527 cm MDM 10 55.0 =
|/ Si0, 48,57 Intensity 103 emufeel BF - | L] Stable Incl. () —44.9 ™
T TiO. 1.64 NRM Incl. () -500 - A Vp i tkmfs) - 6.62
- /| Alyds 13.36 MDF (Oe.} 750 - _ ¥ Vp L (km/s) = 5.77
A FeD 12.64 Stable Incl. (") -50.9 - D (gfec - 2.96
. MnO 0.20 Vp o (km/s} - 5.82 4 ¥ P %) - 8.0
Mg 6.72 Vi L (km/s) - 581
100—{2 MJ/ Ca0 1.4 D {ofec) - 297 100— 4
1 Naj0 > P %) - 6.3 "
1 Kzﬂ 0.04 -1
Py0g 0.22 L/
=1 / Total 95.63 =
L——‘ Lol .21 /
T /] Fel + MgO 1.88 h
_ Ca0 = AlO 083 I |/
L Fe0+ TiO 7.70
{ ’
1 = % =1 T/
™1 1 T |
150 ~ N~ o) 1560 - |—

9% 4LIS
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VISUAL CORE DESCRIPTION L 2 8 3 ¢ i
FOR IGNEOUS ROCKS LEG | SITE [E| CORE |SECT. E ;E E g -g : FOR IGNEOUS ROCKS LEG | SITE |g| CORE |SECT.
[ ] =
] e 2 | j3 'ﬁ
6[1[a]6]2] | |s]s] |3 em £ BES5 £ 2 s|1]afsf2] | [e]e] |a
0= 1 —/"
Depth: 802.0 to 603.6 m — Ea ) Depth: 603.5 10 604.5 m
_1 1A
R ROCK TYPE- IVE LTSILL g ". X,'I') MAJOR ROCK TYPE—--MASSIVE BASALT SILL
z Macroscopic Description:
Macroscopic Description: N - ) ) - - / Massive, moderately to badly altered subophitic dolerite with veins, celadonite and celadanite
Ma:fluu_ moderataly nl.ms_ﬂ, subophitic ﬂnlutm.u with veins, celadonite and celadonite plus ™ plus calcite and clay. Same unit as in Core 66, Section 1, Sparse occurrences of pyrite
calcite and clay. Same unit as in Core 68, Section 1. / aggregates and green elay (7) patches.
N / Thin Section Description:
- - 12-14 em: Dolerite in sill interior,
P”o' Phenocrysts: None
e / Groundmass: Plagioclase | AnS8-78) B0%, <0.02-1.2 mm, microlitic, pri ie, bular ;
clinopyroxene 32%, 0.04-0.8 mm, interstitial, more coarse tabular crystals; magnetite 8%,
- wag 0.08-0.4 mm, anhedral, irregular
~ / Aldteration: Clays (5%) in spotted aggregates around magnetite and pyroxenc.
50— Texture: dolerite to gl horphyric.
g M Shipboard Geochemistry |XRF %):  Pal fsm/Physical Prop
. / Interval 12-14 em Interval 59 cm 81-83cm
Si0, 4948 Intensity 1103 emufee) 76 s
_ Ti0gy 1.64 NAM Incl. (7} -51.3 -
¥4 A4 13,64 MDF (Op.) 115.0
= FeD 12,31 Stable Inel. {*) 485 -
l MnO oz Vp o lkmis) - 559
- / MgO 7.24 Vp L [km/s) - 5.70
1E Ce0 11.08 D {gfect 295
- V,D.H Na%(] - P (%) - 7.9
/ K2 007
- P205 021
Totwsl 9588
“] %‘ Lo 0.74
iF Fe + MgO 1.70
117 “ Ca0 + Al0y 0.81
FeQ = TiO. 750
100 / 2
- T /
e /1
_pm D 1
1o L— L

9% HLIS
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VISUAL CORE DESCRIPTION 2
FOR IGNEOUS ROCKS e | siTe |E

CORE |SECT.

6[1]als]2] [ le]s] [s

Depth: 604.5 to 605.5 m

MAJOR ROCK TYPE——MASSIVE BASALT SILL

Macroscopic Description:

Massive, moderately altered, subophitic dolerite, with veins of celadonite. Sparse pyrite
aggregates and green clay patches. Same unit as in Core 66, Section 1,

unit as in Core 66, Section 1.

Thin Section Description:

4245 cm: Dolerite from sill interior.

Phenoerysts: None

Groundmass: Plagioclase (An48-78) 38%, 0.02-0.4 mm, microlites and elongated prisms,
coarser tabular grains; clinopyroxene 45%, 0.08-0.6 mm, interstitial and resorbed tabular
crystals; magnetite 15%, 0.04-0.4 mm, irregular and skeletal crystals; quartz and alkali
feldspar (total 2%), 0.2-0.4 mm, granophyric aggregates; holocrystalline rock.

Alteration: Clays (10%) in spotted around ite and py 8

Texture: Subophitic.

hysical P

Interval 23em 54-568 cm

Intensity (103 gmu/fee) 11.2 -
NEM Incl. (") .4 -
MDF (Oe.) 200.0 -
Stable Incl, (*) —45.3 -
Vp i (km/s) - 5.60
Vp 1 (km/s) - -

D (gfec) - 295
p %) = 78

Piece Number

1B

ic

Representation

Orientation
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE

mroxT

CORE [SECT.

6[1]afe]z] [ [e]e] [

Depth: 805.5 to 606.0 m

MAJOR ROCK TYPE—MASSIVE BASALT SILL

Macroscopic Description:

Massive, moderately to highly altered, subophitic dolerite, same unit as in Core 66, Section 1,
except for the 30-38 cm interval, At 30-38 cm gl i texture with

s in Core 66, Section 2.

Thin Section Description:

30-33 em: Dolerite from interior of a sill,

Phenocrysis: None

Groundmass: Holocrystalline rock; plagioclase |An48-76) 55%, <0.02-2.2 mm, elongated
prisms and coarser tabular erystals with zonation; clinopyroxens 35%, 0.08-1.8 mm,

{ prisms are rbed; ite 8%, 0.08-0.8 mm, irregular, skeletal
crystals are common; quartz and alkali feldspar [total 2%) 0.04 mm, granophyric aggregates
Alteration: Clays [10%} form spotted around magnetite and py 3
Texture: Subophitic 1o gl yritic.

Paleomagnetism/Physical Properties :

Interval 39 em 810 cm
Intensity 1103 emwee) 183 =

NRM Incl. (") —47.1

MDF (De.) 235.0 -
Stable Inel. {*) —46.9 -

Vi o (km/s) - 588

D (glec) - 298

P %) - 6.3
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE CORE |SECT.

mrox

6]1]a]e]2]| | |s]7] |1

Depth: 606.0 1o 6075 m

MAJOR ROCK TYPE—MASSIVE ALTERED BASALT SILL

Macroscoplc Description:
Massive, altered, aphyric, holoerystalline dolerite, with veins, of celadonite, calcite, and
caladonite plus calcite and clay, “Spotted” glomeraphyric texture from 44 to 74 cm.

Thin Section Description:

50-54 cm: Microdolomite on “spotted” texture from sill interior.

Phenocrysts: Holocrystalline rock.

Groundmass: Plagioclase (And5-82) elongated prisms, coerser tabular crystals have zonation;
clinopyroxene 20%, 0.1-1.4 mm, irregular elongated prisms are resorbed; magnetite 15%,
0.08-0.4 mm, comman irreguiar skeletal crystals; chalcopyrite and pyrrhotite (total trace),
0.08-0.1 mm, disseminated grains.

Alteration: Clays (5%) in spotted around magnetite and py

Texture: Doleritic, ophitic.

68-72 em: Microdolerite at contact, “spotted™ glomerophyric texture with “non-spotted”
sill interior.

Phenocrysts: None.

H ystalline rock; plagiociase (And2-72) <0.02-2.2 mm, elongated prisms,
zonation in coarser tabular erystals; clinopyroxene 22%, 0.04-2.2 mm, interetitial and
prisms; ite 12%, 0.1-0.4 mm, interstitial.
Alteration: Clays (10%) spots around and py { ing!
Texture: Spotted microdoleritic to doleritic,
Palsomagnetism/Physical Properties
Interval 22 cm 46 cm 13-15em
Intensity (103 emu/cel 9.4 B3 -
NAMIncl. {*) ~46.8 ~3156 -
MDF (Oe.) 1300 1300 -
Stable Incl. (*) -48.9 ~471.6 -
Vp il (kmis) - 5.81
D (gfec) - - 2.96
P (%) - - 6.2
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VISUAL CORE DESCRIPTION E
FOR IGNEQUS ROCKS LEG | SITE |g

CORE |SECT.

6]1]als]2] | [6]z] |2

Depth: 607.5 to 609.0 m

MAJOR ROCK TYPE——MASSIVE BASALT SILL

Macroscopic Description:
Massive, altered, aphyric, holocrystalline dolerite, same as in Core 67, Section 1,

Thin Section Description:

90-84 em: Dy

of sill interior.

Phenocrysts: None,

zonation in coarser tabular crystal

15%, i

{An48-75) 60%, <0.02-0.8 mm, elongated prisms,
s, cumulophyric: clinopyroxene 25%, 0.07-0.5 mm,

Alteration: Clays (20%) in spots and veins replacing all minerals,

Texwure: Microdeleritic to doleritic,

Shipboard Geochemistry (XRF, %):
Interval 90-84 cm
Si0y 50.13
Ti0s 1.65
AlyQq 13.32
FeO 1259
MnO 0.21
MgO 741
Cal 137
Nas0 -

Ko0 0.14
Py0g 0.25
Total 97.07
Lol 0.48
FeO + MgD 1.69
Ca0 = Al05 0.8s
Fe0 4 TiO, 763

Paleomagnetism/Physical Properties:
Interval 38cm 103 cm 123126 cm

Intensity (103 emulcel 11,7 64 -
MARM incl. () -476 =470 =
MDF (Oe.) - 1160 -
Stable Inch ") - —-48.1 -
Vp o lkm/s) - - 5.80
D ligfec) - - 2.96
P (%) - - 6.7

9% HLIS



961

Piece Number

D Q Graphic
Representation

—

Orientation

Shipboard Studies

Special Storage

H
VISUAL CORE DESCRIPTION 2
g| core |secT.

FOR IGNEOUS ROCKS Lec | sie
61 [alsl2]| | |efs] [1

Depth: 609.0 to 610.4 m

MAJOR ROCK TYPE——MASSIVE BASALT SILL

Macroscopic Description:
Massive, altered aphyric dolerite, with veins, 1t is identical to the previous section (Care 67,
Section 2). Alteration is greater near celadonite veins, Within the celadonite veins the stallatad
peels of pyrite frequently occurs,
Code 10 graphic representation:

®¥£8 = intervals enri in I
aggregates.

DYy and pl glomerporphyritic

Thin Section Description:

73-76 em: Microdolerite from sill interior.

Phenocrysts: None

Groundmass: Holocrystailine rock; olivine 1%, 0.2-0.4 mm, altered (to brown smectite),

idi I i (An40-100) 40%, 0.04 x 0.1 mm to 0.1 x 1.2 mm, elongated
prisms, zonation of the coarser tabular laths and near quartz; clinopyroxens 45%, 0.2-2.0 mm,
itial and elongated bed prisms; 12%, 0.06-0.6 mm, interstitial;

1%, 0.04-0.1 mm, intergrowths with magnetite; quartz 1%, 0.08-1.2 mm, interstitial and in
granophyric intergrowth; alkali feldspar tr, <0.02 mm, granophyric intergrowths with quartz;
homblende trace, 0.04 to 0.3 mm, ti-bearing, biotite trace, = 0,08 mm, ti-bearing; hornblende
and biotite reaction rims with magnetite.

Alteration: Clays {2%) o s of olivine and py

Texture: Doleritic {ophitic).

Shipboard Geochemistry (XRE, %): Paleomagnetism/Physical Properties:
Interval 73-75 cm Intarval 126 cm 24-26 cm
Si0y 49.77 Intensity (10-F emufee) 4.1 -
Ti0y 1.85 NAM Incl. () -51.2

A:g]s 12.96 MDF {Qe.) - =

F 13.80 Stable Incl. (") - -
MnO 0.23 Vs (kmfs) - 5813
MgQ 6.55 D (gfech - 292
Cald 10,62 P (%)

Nay0 -

Ky0 0.08

Po0g 0.25

Total 96.01

(Eal] 0.43

FeO+ Mg 2.10

Cal = AlO5 o081

FeD+ Ti%z .45
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VISUAL CORE DESCRIPTION
FOR IGNEQUS ROCKS LEG | SITE CORE |SECT.

6[1[als]2] | [s]e] |2

Depth: 6104 to 811.9m

MAJOR ROCK TYPE-—MASSIVE BASALT SILL
Macroscopic Description:

Massive, altered, aphyric 1o mi phyritic el lagioclase dolerites with
pyrite veing, Same unit as the basalt in Core 68, Section 1. Ses Core 68, Section 1 for codes to
some of the symbols in the graphic represgntation

Thin Section Description:

4951 em: Microdalerite from sill interior.

Phenocrysts: None

Groundmass: Holoerystalline rock; olivine 2%, 0.2-0.5 nn, altered, equidimensional; plagiochese
{An45.70) 58%, 0.06 x 0.2 mm to 0.2 x 1.5 mm; elongated prisms, zonation in coarser grains;
clinopyroxene 25%, 0.2-1.2 mm, interstitial; magnetite 12%, 0.04-0.2 mm, interstitial;
pyrrohotite 2%, 0.04.0.1, intergs 15 with may : brown homblende 1%, 0.05-0.4 mm,
ti-bearing, rims around magnatite; partly changed Lo green homblende; biotite trace, 0.02
0.05 mm, ti-bearing thin plates near olivine pieudomorphs; apatite trace 0.02-0.04 mm,
cuhedral_

Alteration: Clays (3%) replacing olivine and partly pyroxens

Texture: Daoleritic {ophitic).

37-39 em: Microdalerite trom sill interior.

Phenocrysts: None.

Groundmass: Holocrystalline rocks; olivine 1%, 0.4-0.8 mm, altered, equidimensionsl;
plagioclase (And5-78] 21%, 0.04 x 1.0 mm 1o 0.6 x 2.0 mm, elongated prisms, zonation more
distinet in coarse grains; clinopyroxens 60%, 0.4-2.2 mm, Interstitial, polkilophitic laths;
magnetite 15%, 0.1-0.8 mm, interstitial dust-like in olivine pseudomarphs; pyrrhotite 1%,
0.04-0.2 mm, intergrowths with magoetite; quartz 1%, 0.08-0.8 mm, interstitial, includes
needles of apatite; brown hornblende 1%, 0.06-0.4 mm, ti-bearing, rims around magneti
partly oxidized, biotite trace, 0.02-0.08 mm, ti-be, . rare plates near magnetite,

Alteration: Clays (2%)] forming pseudomorphs after olivine and partly replacing pyroxene.

Texture: Daoleritic lophitic).

Shipboard Geochemistry (XRF, %): Paleamagnatism/Physical Propertios:
Interval 37.39cm 4961 cm Interval 114 cm B6-68 cm
Sio, 50.15 49,18 Intensity (103 emufec) 7.8 =
Ti0, 192 161 NAM Incl. 7] 478 -
N'EDS 1270 1322 MOF (Qe.} 80.0 -
FeQ 14.33 2.7 Stable Incl. () -48.1 -
MnQ 0.22 0.22 Vp Il [km/sl - 5.00
MgO 6.30 7.m D lgfec) - 3m
Ca 1097 1.0 P % - =
ancl - -

Kzo 0.1 0.12

PZOE 0.25 0.26

Total 96.19 95.49

Lol 0.38 0.28

FeQ + MgD 227 1.82

Cs0+ Al,O, 080 085

FeD + Ti02 748 793

9% 4LIS
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE

mrox

CORE

SECT.

[s]s

6[1]4]s]2

Depth: 611906133 m

MAJOR ROCK TYPE-—MASSIVE BASALT SILL

Macroscopic Description:

Massive, altered, aphyric to microporphyritic clinopyroxene-plagioclase dolerites, with
caladonite pyrite veins, Same unit as the basalt in Core 68, Sections 1 and 2. See Core
68, Section 1 for codes to some of the symbols used in the graphic representation,

Paleomag hysical Properti
interval Bdem 1517cm 102104 cm
Intensity (103 emulee)  13.4 - -

NRM Incl. ("} 47.2 ) -

MDF (O} B0.0 i -
Stable Incl. (") —46.3 =] -

Vpi (kmfs) 5.94 594 5.87

D lgfec) aor 307 3.02
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VISUAL CORE DESCRIPTION E
E

FOR IGNEOUS ROCKS LEG | SITE CORE

s [s

6]1]a]s]2

Depth: 613.3 to 614.0m

MAJOR ROCK TYPE—MASSIVE BASALT SILL

Macroscopic Description:

Massive, altered, aphyric to porphyritic cl | lase dolerite,
with celadonite pyrite veins. Same unit os in Core 68, Section 1, 2, and 3. See
Core 68, Section 1 for codes 1o some of the symbols used in the graphic
reprasantation

9% 41IS
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE

6]1a]e]2

CORE |SECT.

l6fo] [1

Depth: 614.0 0 6155 m

MAJOR ROCK TYPE——MASSIVE BASALT SILL

Macroscopic Daescription:

Alered, medium- 1o fine-grained dolerite and microdelerite, with velns, and enrichment in
magnetite (up to 20%). The texture is itic [ophitic) microdoleri |agioclase 60-70%,
3.0-5.0 mm long and 0.5-2.0 mm wide; clinopyroxene 20-30%, about 1.0-3.0 mm, and equi-
dimensional; magnetite 10-20%, and 0,5-2.0 mm; pyrrhotite occurs as rare, disseminated, small
[0.5-1.0 mm| grains; plagioclase and ite | ¥ a5 hedrons) are fresh, and

clinopyroxene is slightly altered to chlorite. Veins are celadonite-clay, and tale and Ti-magmite.

X X X X X X =intervals of fine-grained dolerite. Talc and ti-magnetite veins consist of
talc and small of chaleopyrite and hed of fe {0.5-3.0 mm). This vein
material fills two systems of contraction fissures, sub-vertical and sub-horizontal. Chiorite-clay
veins appear to cut the ti-magnetite, Talc veins thus appear to have formed at a later stage,
The coarser {1.0-3.0 mm) talc pseudomorphs are probably olivine,

Thin Section Description:

38-39 cm: Dolerite in lower part of sill

Phenocrysts: None,

Groundmass: Holocrystalline reck; plagioclase (An38-68) 53%, 0.1-0.4 mm elongated prisms,
tabular-zoned; clinopyroxene (30%), 0.08-3.0 mm, irregular, interstitial elongated prisms;

magnetite 10%, 0.1-2.0 mm, anhedral, skeletal crystal; pyrrhotite trace, 0.04-0.08 mm, rounded,

rare disseminated grains; quartz 5%; anhedral grains, interg in granophy

alkali feldspar 2%, granophyric aggregates; apatite trace, <0.04 mm, needles in quartz.
Alteration: Clay (17%) phs after py ne and i
Texture: Ophitic

Shipboard Geochemistry (XRF, %): Paleomagnetism/Physical Properties :
Interval 36-38 em Interval 59 cm 2416 em
Si0y 4B.33 Intensity (103 emufee) 48.5 -
Tio 213 NRM Incl. (*) —46.4 -
mzag 120 MDF (Oe.) 115.0 -
Fal 16.79 Stable ncl. [*) —44.6 ~
MnO 0.20 Vp o lkm/s) — 8.221
MgO 5.47 O lgleeh ~ -
Cald 9.32 P (%! - -
Nazo -

K.ZCI 027

P05 026

Total 94.77

Lol 036

FeO + MgQ 3.06

Ca0 + N203 0.77

FeO + T\'Dz 1.88

cm
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FOR IGNEOUS ROCKS LEG | SITE CORE |SECT.

6[1]a]s]2

lefs] [2

Depth: 615.5to 617.0m

MAJOR ROCK TYPE—MASSIVE BASALT SILL

Macroscopic Description:

Altered, medium- to fine-grained dolerite and microdolerite with veins and enrichmant in
magnetite. This section is part of the previous section and all features of the rock are the
same as the previous section

Paleomagnetism/Physical Properties:

Interval 75 cm 36-3Bcm
Intensity (103 emu/ec) 96 -
MNAM Incl. (") ~44.2 =
MOF (Os.} B80.0 -
Stable Incl. (°) -41.807) -

Vp i (km/s) - 5.64
D (g/cc) -

P (%) - -

9% 4LIS
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SITE 482 HOLE A CORE 1 CORED INTERVAL: 785 10 88.0 m SITE 462 HOLE A CORE 2 CORED INTERVAL: 249.5 1o 259.0 m

BIOSTR. | FOSSIL BIOSTR. | FOSSIL
ZONE CHARACT. wl> ZONE CHARACT. >
Z| w o 7] Z|l w Zhle
Q| = GRAPHIC | ﬁ ] LITHOLOGIC DESCRIPTION S|z GRAPHIC ug"‘a L
= = ITHOLOGIC DESCRIPTION
y |2 g g 8| |5| & |umorocy (2 g_‘}n w |18 12|8|, || & | umHoLoGY |=g122)5.
w
S HEHHHHEEE e M HEHHHE R Een
2|2|Z|2|2|2 | 222|822 | =
T | = = =~
I i ; _‘_-l- 4_"‘.1_"‘ 0.0 to 8.3 m: Very pale orange (10 8/21 NANNOFOSSIL CHALK in
i P A el | 0087 m. Alternating mtervats of NANNGE L OOZE, = al ) firm “escuits” soparated by intervals of pastey ooze (may be artitect created
cm P e AN SSIL. ERAL OOZE, F ERAL an e | oy deilling operation] | ‘Same ploces are (aintly burrowed
-_—'vl:-aI'l-I | OOZE, NANNOFOSSIL RADIOLARIAN DOZE, ani b | SIS S ' In the 0.0-2.4 m interval are several leyers of NANNOFOSSIL-RADIOLARIAN
1 St | RADIOLARIAN DOZE. Colors rangs from moderate brown 1 pE CHALK {or very firm NANNDFOSSIL-BEARING RADIOLARIAN OOZE],
e et et [BYR 4/4} sndd moderate yellowish brown (10YR 5/4] foe o e o e M | 2 [ These Lavers are dark yellowish brown (10Y R 4/2) and the undistutbed
R e RADIOLARIAN OOZES shrough very pal orange [10YR (AP wdt .M = portions arm faintly laminated and burrowed.
: el Peca® Wopees I | 21 tor NANNOFOSSIL O0ZES, and 10 nearly white (NS] = #
o e Beierd 1 in grainy appearing FORAMINIFERAL ODZE, I o e W | SMEAR SLIDE %) = E
FP S .I.._L_L_ | FORAMINIFERAL QOZE was the mast drilt-disturbed 7 'I'_l_'l'_l_'l'| g g j
1 Bl B e | lithakogy [most permeable 1o dyllling fiuid?). Seme sight -I_'L.a_'l‘.l.'l" | F H ,g -
4 o mederati imottling o the RADIOLARIAN DOZES; no i S St Bl § $] ]
p St Bppd By |
‘_I__I._._-l-_l_:j | othar stracTures ware visible :ﬁ . g%
o e - e e 5 g
C :|'|- et o | SMEAR SLIDE (%) 1 _i._l___l_J_.l. | zi; :g §
z -,__-:_,_13_1" | § H 2 L L | T TEXTURE AND 189 1 236 24C
TR o _ 3 fis v o MINERALS: ol ol [
o e g ey | i’g 'E E 3% g e M e Py ! farctiizh i 2 g £
S | E 3 g 'EE - :J_'L_L'L.l."' | Silt siee L] BB 70 75
o 3 i -t e S | | Clay size 0 33 5 23
Clay 1} - o -
44,4 | TEXTURE AND 4100 4120 648 CGA CCH. 4=+, | AT ul - B .
1 MINERALS © ) @ (o) (D) T Volcanic gless T - T
4o L | Sanl size w9 2 8 30 15 s Mt Patagoente 1T 4 T
s A e T B 1 | Silt sie #® 83 12 55 45 £ b= Bl G| Foraminifors - - 3 w0
3 ‘L_L_'I'_;_"'J. Clay tize 5 5 B0 18 40 g 3 B el Bt Bl i Cale. nannafonity 45 an 15 =1
. Clay - 5 3 o ol = ! s Rudiolarians 49 19 BO 1
o .:L.I_J-_l_-l-.l.' I Fuld E = = Tr 2 _:l”_.l_ o Tt | T i
ity ey - P Bl et Vi Spange spicules T 1 ]
L | Volcanic glas Tr - Tr T g b ™ S S Fiah remaing 1 - T
i e Foraminifara 7 - R - = AP g el R el l
E § -I.J_.l.__._.l_:] | Cale. nannotosslls 60 (R 7] 53 1 =] 3 = oot Dt et [ | THIN SECTION DESCRIPTION:
a8 [ Dy Dipepsl Diiatonm 3 2 - a = Jil ¥ S M S 2,72 em: R ch chart sand vize 30, sift
% ] -L""_L“".I__l" | Fadilaria 1 86 3 2 78 |= q § _J_—L'_L‘L_l_“l' | wize 30%; clay size 40%6; trace palaganite; micrite BOR; foraminifers 16%;
g~ 2 :L__l..._‘-.l_‘l-_l_ Sponge splcules 5 1 Tr 5 2 8 iy [ ‘J__l-_‘_J-J_J- trace calcareous nannoforsils; rediolerians 25%, trace spange spicules; and
-:: = § g i ol By J_‘ A T | Silicoftapellates - - 1 - Te @ a |Z s "‘_t_'LJ_"' | trace fish remains. Radiodariant occur a whale and fragmented tests and arn
- i i T Fish remains - = 1 E -L_;_ gl Ml | Nilted mainly with mierite. Foraminifers are not badly broken, moit chambers
% 4 :TT'I'-'- y i Palaganite - - 2 3 4 -J—_._—L_LJ-—_‘ | are empty, and othors are Hiled with micrite, Under high power same micrites
= - _'_'l'_ 2 2 [y et i are nannofosiils, and some s discoasters.
H T T - 2 = P o B Wt |
Sta P 4 £ e e e
b g g * o |
e i Pl O
[ nfer oty = e gl Mgl
Bt ol
B | B
- i o8 -
Tl el
R i e Bt e
5 b S L S ! 5 e P |
T T i Py g Pllgee e
—_'!‘_'_'I'_‘_‘I'_‘ i o P S S
- T —t_l_i-_.l_:_k 1
= &
- T T | b [ S St
P o el | -J-_l._-l__l_-‘_d I
1 +'+i:: | . et Bt et |
. —— -#@:
e L Y|
_1— ——,—— e A, A
8 -|.—+—|— —H | 6 o
- ‘—I—:—l- | -
o = = =
i | o 1 wvoib
- e
el ]
o
3 — 3
e
m&..;:x =1 i Feapfasice] 43, .

9% ALIS



00T

SITE 462 HOLE A CORE H1 CORED INTERVAL: 259.0 to 373.0° m SITE 462 HOLE A CORE H2 CORED INTERVAL: 373.0 10 401.5* m
BIOSTR, FOSSIL BIOSTR. | FOSSIL &
ZONE HARACT. wif> ZONE CHARACT. “ L
= 2 1] Z| w o
S| £ | cnasmic e ﬁg LITHOLOGIC DESCRIPTION . 8| & | crarmic |.%|5E|E LITHOLDGIC DESCRIPTION
w |28l [218| |5|® | LiHowoGy [22|2E]Sy T & g 8| |E| & | utHoLogy R
AHEAHHPER = AHEEHHBEE 2=
= 2 e | S o <
HEHHHEE = SR i
J-voib__ T “This is o wash care batwoen the inierval 269.0 10 373.0m. The matesial RP Josaciaaal]
T in this core coukd be from sny partion of that interval AsANAMA] | 1This s a wash core between tha intervat 373.0 1o 4015 m. The matarial
f —AAL | in this com could be from any portion of that intereal
= | 0.0t05.3m: Very pale arange [10YR 8/2) and white (N9 E AAAA .
™~ AP 1 + FORAMINIFERAL NANNOFOSSIL CHALK with fing lamillas 10 5 cm ] 2 1 AlLlAAA ]| 0.0 to 1.4 m: Picees of very light gray [manly NB) PORCELLANITE with
% e | thick layers of grayish orange (10YR 2/4) very firm, burrewed CALCAREOUS] = |~ 5 - | lenses, blebs, and Inclusions of CHERT. These CHERTS are grayh orange
10— . | » RADIOL . The largest RADIOL units ane at 3 10 T ! (10¥R 7/7). gravish orange plnk (10R B/2), gravish red (10R 4/2), pale
- " 3114 10 118 em, 4-148 to 121 cm, and 547 1o 52 em, = 1= > Sum— | olive gray [BY 7/1), light gray {N7), and related colore. Near 0.8 m are two
| A piece of PORCELLANITE i in the Core-Catcher sample RP s S a—] | wrayish blue green (SBG 5/2) pleces.
- - 1 =i = A 4 cm thick CLAYSTONE acturs a1 0.6 m and near the top of the core
] SMEAR SLIDE (%) = - . = A tow pleces of CHALK occur in the Core-Catcher sampie,
3 wvoio :% !E E o - SMEAR SLIDE (%)
S 1 i3 3 3 Claystons
o B E% H = ] TEXTURE AND 157
2| b 55 58 i i2 Ll - MINERALS: ™
= + —4 O ) Sand size -
+ L i TEXTURE AND 1100 426 548 HLC = Silt size 5
H ¥ MINERALS: [ ol 3] Clay size P
> I Sand size 2 - 80 5§ -1 Clay o5
& Sitt sire L] 85 0 a5 - Radici 5
a o Chuy wize w15 w0 = ki
5 e arm e [o] Vplossic ghacl x o = ] THIN SECTION DESCRIPTION
& i o :"""_"‘_‘ T ;" id . . 1, 580 e Porcetlancous radiolsrion claystone with sbundant ops CT and
= e c":"""""" N g = = ;g 3 fish eamains; and adfacert porcallsnsous limestone, with common opal CT
= 5 L t aE pamaotoeils ; ; 2 20 3 . and quartz. The claysione has radiolarians wivich are filled with
——+ | Faiclatiang : 5 9 ] clinopititolite.  Fish temaing are entiched in the boundary layer between
o o Sobnigh spicis - o - claystone and limestone,
—— : 1, 131135 ¢cm: Coarsa foraminifar arenite; quartzose patches but
bt ! 4 opal CT i alsa common; shallow water debeis, schinaid, molluscosd frag
& - mants, bryozoens [7) or algae {7): volcanic grains.
g -
LY ? SITE 462 HMOLE A CORE 3  COREDINTERVAL: 401510411.0m
- ——+ o BIDSTR. | FOSSIL
8 |re — r | ZONE  |CHARACT v
g | e | - Bl 2 | cnaeme LIS
E APHE LITHOLOGIC DESCRIPTION
i | w (218 |218| |G| E | LTHoLoGY [28 % 5.
= - Q § Zlwlqg|2 W oW =807
° o M HEHHEE R 25
E L] L |Zle 2|z -4 ool
- — | 0.0 to 0.46 m: Pleces of very Light gray (NS, partly SILICIFIED
g —r 0y LIMESTONES, fight gray and moderate brawn (SYR 4/4) QUARTZOSE
5 - D | T CHERT and a single piocs of dark greenish gray [5G 4/1)
3 & — = -l PORCELLANITE (OFAL-CT) a1 26 em,
cp ~ el N
5 AP [CP |AG|CT e . 3 THIN SECTION DESCRIPTION
1.0 1,24 cm; Quirizose chert with eslcareous and opal-CT relics, sho
- shallow water debris, radiolarians. Ouart2 replaces sponge spicubes, but
] opal CT i3 also abundant.
- 1,37-38 em: Opal-CT and quartz-rich foraminiferal arenite with shallow
= water debris,
- M-RAY DIFFRACTION
= 1, 24 e Quartzose chart Bbundant quartz, commaon x-ray amodphous
- material: common calcite:

9% 4LIS
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SITE 462 HOLE A CORE a4 CORED INTERVAL: 411.0 10 420.6 m SITE 462 HOLE A CORE ] CORED INTERVAL: 430.0 to 4395 m
BIOSTR. FOSSIL BIOSTR. FOSSIL
ZONE  [CHARACT = ZONE ARACT. .
g2 GRAPHIC § S LITHOLOGIC DESCRIPTION 8| g GRAPHIC wg E g LITHOLOGIC DESCRIPTION
g (8|8 g g 5| & | umHoLoGy g, u (28] |2 g| |5| & [vHorody |=8120 S
<|2|585|2|8% ¢ e S HEHHEER 2
23[2|2|3|= % g2|2|2|8|2 e
2 RP Jannlaa 0.0 t0.0.7 m: Dark groenish gray (5G 4/1] PORCELLANITE, white 7 cc| Jaassaaal | Cove-Catchar: Dark yallowish brown (10YF 4/2) CHERT and gray
§ dan b‘, AAS w (N9} PORCELLANITE and LIMESTONE. Maderate brown (57 R 4/4) — preisipoedioly
2= danal AAA T granular CHERT with horizantal lemination ol grayish ongs gk
el ) 05— T (SYR 7/4] CHERT.
| o AL | AAA T
o
; ~ 1 — SMEAR SLIDE DESCRIPTION:
= e 10 1, 16 em: Limeitorse {dominate lithalogy!; clay 5%; zeclitel?) 1%, SITE 462 HOLE A CORE 7 CORED INTERVAL: 4395104490 m
2 il carbonatn unspecified 93%,; discoaster 1%; and trace fish remains. BIOSTR, | FOSSIL
= 2 ZONE  |[CHARACT wl=
= THIN SECTION DESCRIPTION: 2| w Slenle
1, 18 em: Sillceous lirmestone dominate Hihology), send size 1%; sl o= GRAPHIC relg LITHOLOGIC DESCRIPTION
- vy B %, and b ket w 2|8 g § 5| £ | LiTHOLOGY ﬁ g 5. L
-~ with opal-CT pius quarte; discomters 7%, replaced by quarte (7); silics 455, 2 g [ w E g "=J =5
- replacing foraminkers snd nannatossils (7); celtite $0%, thombohecral: £ 218 HE § Sw‘
-] caleim 10%, 2|Z|=|8|2|=z -
. 1,39 am: Foraminiteral biomicrite (domirant lithology), sand size 32%: ——= = A AAAAAR - =
2 - silt size B%; clay size B0%: palagonits trace; microncdules 1%; carbonate 5 E [FETER . i 850 130 o Moasly gt oliog: prwy (5 J4X] oriuoataliy: salt
- : g HP (FP T '
uenspecified B7%: foraminifors 30%, spar-filled, some corroded fragmentary % 5 cp " wrosaminatid ZEQLITIC CALCARENITE. Some pele yillowish
b i 4 = e —— Brown (10 Rt 6/2) PORCELLANITE a1 the top of the calesrenite and
- wits, some — i T
= 1% 3ponge spicules 19%: and rars chiorite graims. § HENM R === . same pale yeliowish-brown (10YR 6/2) CLAYSTONE 1o LIMESTONE
] 1,54 em: Chert {allicifisd voleanic forsminifer sandstone] (daminant 2 & AP CPlq T T at i1z base
- lithology}: quarts 7% authigenic; calcite 10%; apatite 2%, and 18%; I o P lcp e RT 1.35 10 1.55 m: The Core-Cutcher sample is modersts yellowish-brown
. Clays, ores from volcanic graing. In this quanzose chert a farmer ] § 2 T . (10¥R 6/4) PORCELLANITE.
- porcellanite (opsl-CT) precursor stage can be seen; many opal-CT =  —— —
. lepispheres are row transformed to quartz. Comemon siliceous outlings. ] E‘ a: > i ————— = SMEAR SLIDE (%) £
— of foraminifers with some sparry calcite remaining. = Be CCl _JAdAAAAA 2 if
3 . 1, 66 cm: P {impure silicoou i = g B ; s:
3 batora silification af rock—sand size 80%; silt size 40%; clay minaral 23%, 5 P g E
— I sand size elots; valeanse HiiE graims 3%, voleanic glos 2%; palagonite E Z 3 g B _Ef
7 % carbonate unspecitied 40%; forsminifera 30%, mainly replaced; B £ &% S3
- nannofosils; sponge spicules; radiclarians (7] trace fish remaing, After
- silficatlon of rock: quarte 7%; apal-CT 31%; calcie 35%; clay mineral, MINERALY 12 ‘[‘6? 100 "““I! "1”
— ete. 3. Cuiartr repheces some clay clots and some calcarsous L D o} D M)
] sifon Clay - - 15 - 5
Quarte, suthigenic = = - - o
Waoleanic glass (alt) - 3 2 3 -
Zealine - 10 L] 10
: 430 Carbonate unsp, 3 TR B7* 85
SITE 462 HOLE A CORE L] CORED INTERVAL: 420.5 to 0m Foraminifers e i iy
BIOSTR. | FOSSIL Radioaris e - - g
ZONE |CHARACT. ?ﬁ Opal-CT B7 . - - 5
H ) .
5| 2 | crapnic E] Some neomorphic spar
& g A 2|4 E @ | | THoLoGY k=1 b LITHOLOGIC DESCRIPTION ey ol CT or quarts
AEAEIEEIR & et
< |z HEIEE § a| = x|
E Z|c 2 Z|x B2 THIN SECTION DESCH}FTIUN
1.8386cm: F
B jcm |cC —AAAAAAA ] | Core-Cancher: Moderate yellowlih-brown 1o dusky yellowish brown phanictonic foraminitera daminant; molluse shalls with common foiied
{10YR 5/4 1o 10YR 4/2) CHERT. structur; rane echinokd spines; comman volcanke glas, veskcular, some
dwvitrifind with feldupar lashi; comman pafagonite; dominant, warry
5 o ealeite in filling foraminiler tests and intee-particle voids; rae fefspar;
- o '6_ trace of fish debris, dmwwuum wnd ghauconit
= [ 1, BE-BT eem: 7 Highty
E = aternd veleanie grains 10%; fiw radiotariens,
X-RAY DIF FR.II:TION IKHD}
1, B6-87 em:t Cli XAD of HEI-
retidug = abundant smectite; and common clinoptilofite and x.ray
smorghous material.

1,21 em: Volesnkerich Taraminiferal sandstone for biosparite)
Adorminant lithobogy): sand size BE%; silt size 14%; cloy siee 1%; slwred
clay 3%; ooaques 1%: palagonite 3%; zoolite < 1%; calcite 15%, sparry
cement; caleitn 10%, micrite; calcite 5%, datrital; 55%,
wpar-Hilled; racilolerians trace, probatsle opal-CT, well preserved; trace
fith remainy, volcanic glass 3%, aitered. chlarite ar other green clay
minaral maded-filling of molluse fragments. Sparite or microsparite
matrix, some neomorphie (7). Finely laminated fine-grained sanditong
of recaposited Toraminifers, detrital calcite (some sparrly, red aigss,
bryozoans), and volcanic graine.

9% 41IS
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SITE 462 HOLE A CORE W3 COREDINTERVAL:  449.010487.0m SITE 462HOLE A CORE H4 COREDINTERVAL:  496.015155m
BIOSTR. | FOSSIL BIOSTR. | FOSSIL
ZONE  |[CHARACT. = ZONE |CHARACT. = y E§
Z| w e w w2
21 & |  GRAPHIC wg S=l5 LITHOLOGIC DESCRIPTION S| 5| aRapHic |og LITHOLOGIC DESCRIPTION
g |218],|8[8],|5] & | ioleey =izis, s 28, |2l8],|5| & | vmorosy [Ei1S
HEEHHHERE =3 EHHEEHE RS = -
IR = o 22 =|2|2|2 e
0.0 4.8 m: Interbeds of pale yellowish  brown [10YR 6:2) x 0.0 to 4.7 mi Varicolored beownish gray (6YR 81, 10YR 771,
NANNOFOSSIL CLAYSTONE and greenivh gray (56 8/1) crose- 10Y¥R 672). bedded and mottied, nannofoil-bearing LIMESTONE.
and horizontslly daminated mixed VOLCANICLASTIC and Sevaral 1-4 om thick beds of blue green (SBG 7/1 1o 5/1) and groyith
CARBONATE SANDSTONES and SILTSTONES. The CLAYSTONE browen (BYR 3r2) ASH, as indicated in the grashie presntation. 118 i
s commanly barrowed with pale blue-green (S8G 7/20 vo very light possitie that other such bedh exivied i sity, but were “washed out™
H ray (N} NANNOFOSSIL MARLSTONE, by the dilling process, teceuse togs arst bottoms snd wns of s
E pinmn of lienestone have recl bo-clay-ash sdhering 1o them, |
E SMEAR SLIDE (%) RP| RP|
H 4 cp| v SMEAR SLIDE (%)
2 i: is £
35 & § if 2 fos 2y
|3 I 1 HEP gl d f
H E’ % TEXTURES AND 122 2145 cc g% = | 238 88 3
X MINERALS o) (o) (i) E ‘; 8 2 1™ TEXTURE AND 146 138 166 1431 2138 ©C
IR A Sand size S & 25 2| 5|2 MINERALS 1 M M ME (M D)
=g Siltsize 20 s 303 £ = T -
-g‘ ] Cluy size a0 - = 3|z 3l 1w s 18 10 -
a |3 Clay 0 - G2 . Clay size 65 80 40 B0 B0
§ M Feldipar 5 “' Clay -’ w W 5 -
a Hesvy minersls 1 Te Tr = = Feldigar - - - Tr
E Valcanic glaw 2 5 = J'_ .—f_ e I;;::m-mrnh Tr 2 2 :’.
Palaganits 2 - T T T T o - o = (G =
£ Zeolitn 10 = 5 e ————— :r::::cnlm 7 B0 20 B4 Ty :
Carbonate wrap. 20 o8 20 - - - ke - - = - v
; phisiintrine % = = Fe|CP 3 :ﬁ 1 Pyrite Tr ™
Radiotaria = Te - == Zuolite Tr 12 Tr 30 -
Spongs spicules - Te - [ — : Carbanate whap. B 3 B - a0 an
Volcanic grains (alt.} - % FP| FP) 9 S Cale, nannofossils 1w - 10 2 5 10
- = s — —— | Fish remainy Te Te Tr Tr Tr
g it SO e ===== AL S—
£ byl sam size BO%; 5l i 15%; clay fize §%: foldspis 1r: 2,110 emi Micsitie lanestone: it size 4, elay tizn §7%; palaganiin
E heavy minerals tr; clay matrix 8%, stso, filling foraminifers; volcanic 1%; carbonate nct B7%, micrite; apar 1%
g graing 5%, mainly altered 1o clay; volcanic glass 109, altered to clay,; toraminifers 1%; opal trace. No struetures or falwic. Radiglarian ghosts,

palegonite 2%; calcite I0%, 1parry coment; carbonste unipecified
datrital 5%, foraminifers 4006, sparry filled; Tish remains 2%. Laminae
of fine it ifars, detrital calcite, and altred
valcanie grains.

2,21 em: Limestone (foraminilersl biomicrite) {dominans lithalogy) -
wand size 0% 511 size BO%. trace palagonite, corbonate uripecifisd
B0 1 fer 10°% racl in; ity 10,
inest recryvtallioed,

3,40 om: Micrita limestana; Silt wize 10%; clay sioe 90%; opsques
trace; cloy 5% volcanic glass traoe; palagonite 2% carbonate unspack
fincl §1%; foraminitors 2%, fragments. Fabric of aligned elongated
graina.

Early Campanisn
Tetralithus acuheus

Late Campanian
Globotruncana calcerata
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SITE 462 HOLE A CORE 8 CORED INTERVAL: 487.0 to 496.6 m SITE 462 HOLE A CORE a CORED INTERAVAL: 5155t 5250 m
BIOSTR. SSIL BIOSTA. FOSSIL
ZONE ~ [CHARACT als ZONE  |CHARACT il
g & GRAPHIC H § g g 2 GRAPHIC = g g
- 2 § g g £ E LiHoLogy |52 %gﬂ' LITHOLOGIC DESCRIPTION w g § g § L E E LITHOLOGY %EE-: LITHOLOGIC DESCRIPTION
AHHEHEEEE =E N HHEHHEEE e
212|2|12|2|& =l E e FAEIEI B | =5
T 00ted6m: L and MARLY =
T T LIMESTONE. Color ranges from medaum trownith gray [5YR §/11, T 0.0t 5m: Light gray (N7) ZEOLITIC LIMESTONE interbodded
FF|CP . _::r ; — | light olive gray [BY B/1), very light gray INB), to medium light gray B|FP with allve gray [5Y /1) CLAYSTONE. Some layers of yellawah
2 RP |cP o. —— " (10YR 7/1). Some of the darker areas are richer in clay (10 wany) and brown |10YR 6/2) and pale biue green (58G 7/2) layers. Some
k] 1 L | aro better laminatod, Most piecss are stightly moddied. ” ol
2 I"E X ':' T -‘(—. = VOLCANIC SANMDSTONE layess occur 31 0.0 to 0.08 m and 1.07 10 a5t TBm: Grayivh red (VOR 472} 10 light brown (SYR B/d)
E% = - —— (|} . 1.85 m. F_‘rT ZEOLITIC CLAYSTONE witn layers and blotches of pabe blus groen
_—— T | ; fend 158G 7721, Minar burrow martling. MATIVE COPPER in Section 5
—— SMEAR SLIDE (%) an several levels wiounded by haloes of pale blue green (SBG 7/2)
J e ! — |Re . CLAYSTONE. Pale reddish brown (10R 5/4) CLAYSTONE at bass
= - r——r—— 5
= === T E SMEAR SLIDE (%)
5 cp S =. £ E -§'§ H
£ | 4 T - | 2 = = FM|CM| - 2
% 2 Ty | TEXTURE AND 160 242 355 CcPicM |5 ig is £ %5 %; :Eg
e — MINERALS o) ™) LH B T 3
] _f-:—'_:'| Sand size = 70 - '03;3'553
g g et Silt vize ] n [ TEXTURE AND 1484 1.140 260 580 5111 632
- E AP |cP === Clay size 75 10 80 MINERALS o} @ 0l M D (D)
8| AM — o | Clay 16 - 10 5 Sand tize ¥ - pal el =,
—_—— I L= Hesey minaraly 4 15 Tr _; ; Silt sizn - % - - -~
2 p—— Volcanic glass T 1 e i - g — |RP Clay sie o - B - - -
= = Palagonite 1 - Tr 5 = Clay EL I 1 a1 sm 77 7
E FP|FP iy Zeolite 0 10 - 3 E Heavy minerah T Tr = = 3
= . T | . Carbonate ursp, 50 . sg 9 E g s ] :vmm e Ty 3 el -
T T Calc. nannotossiy 0 1 - rite - 1 = - -
i Ly ——— Voicarlc grain (att.) = 60 = E é = = Zvolite o 10 5 am 20 20
—— —— — | © Carbenate ump. T 80 5 - = -
—— | THIN SECTION DESCRIPTION Calc. nannofessils Tr 2 E - =
= T = 2,38 om: Caleite comented, epi-clatic, volesnic and carbonate Radialarian ' 3 - b a
RP | RP! e sanditone {minor fithology): sand siee BO%: ity size 10%; feldspar —|CcP Fith mmaing - - Tr T Tr
T heavy mingrali 2%; volcanic graint 3060, mainly sltered to clay; *Clayey and roolitic casm
palagonite trace; carbonats unspecified detrital 20%; carbonute cement cp
36%; 10%. Graini are to THIN SECTION DESCRIPTION
1,29 om: Micritic limestone—Clay 10%; reolivie 1%; recryvtalllzed
4 nannotouils T9%: microtossil-ghosts 10%. Faint bedding indicatsd ty
- the grientatson of silt-sized micro-Towil ghoats Bsome voids sre Tilled
- with zwalies)
a2 1,90 om: Zeclitic racficlarian clayitone—Clay 80%. meolite 20%,
B roplaced and fitied with radiolarians; trace opal-CT (7). Alweation of
- clay-rich snd radiolarian-chch lryen.
- 1, 9385 om: Zeolitic and opal £T rich radiotarian elaystone.
7 X-AAY DIFFRACTION:
— 1,93-05 em: Zeolitic and opal CT rich radialarlan clavstone.
7 . Abundant opsl-CT; comimon smeztite and clingptiloline.
Erloe 5 -
.
.

9% 4LIS
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462 HOLE A CORE 10 CORED INTERVAL: 525.0 to 5346 m SITE 462 HOLE A CORE 11 CORED INTERVAL: 534.5 to 544.0 m
BIOSTR. | FOSSIL BIOSTR. | FOSSIL
ZONE  |CHARACT. wl= ZONE  |[CHARACT. wls
g E GRAPHIC = § g g 2 GRAPHIC ] & g LITHOLOGIC DESCRIPTION
@ 3 - 3 E E LITHOLOGY gﬂ LITHOLOGIC DESCRIPTION i g § g § 5 g LITHOLOGY |22 g g
=] z zl2 AR 2 2 8|4l 2 g
4 |z z HEE w| = B85 g HE] 3 2 o= o
2 z g 2 g g 553 L|Z|lz|ufjZ|a o
0.0 10 4.75 m: Dominantly pale reddish beown [10F 5/4] partly 0.0 10 0.7 m: Grayish red {108 4,2} horizontally: and cross-laminated
ZEQLITIC CLAYSTONE becoming maderate brown [B'YR 4/4) at the ZEOLITIC CLAYSTONE.

B base. Fare loyers of grayih-bius green [SBG 5/2). Some chondites 0.7 to 1.45 m: Greenith gray (6G §/1) ZEOLITIC VOLCANICLASTIC
burrows. Same grayish biue green (BBG 5/2) horizontally. and cross- SILTSTONE to SANDSTONE with harizontal and ripgle bedding,
laminated VOLCANICLASTIC SILTSTONE in Section 3. 146 to 2.0 m: ZEOLITIC CLAYSTONE has faint mottiing in the
#4.76 to 4.95m: Corecatcher sample is moderate brown (8 4/4] and upper part and b grayish red [10R 4/2) i the upper jart grling
pale biug groen 158G 5/21 horizontally laminated ZEOLITIC dowaward ta light olive geay (BY 6/1)

CLAYSTONE to SILTSTONE. E
2 SMEAR SLIDE (%)
SMEAR SLIDE (%) s
£ § = P §
&
R TR - o,
H é !.E i! E RP i g 2 gg
=% 3 5% k] 4

B “ 3! :'E 3
TEXTURE AND 280 2100 319 410 CC TEXTURE AND 196 1142 222
MINERALS L - T T T T ] MINERALS o) o1 10
Sand sire - - - = - Sanid size - = =
Silt size 2 B 00 - 90 Siln size ] 100 0
Clay size 04 92 10 - 10 Clay size - a0
Clay 06 a2 0 En 5 Clay 73
Faldipar - - k] = 3 Feldspar 1 B 3
Vodeanic glass (alL] 1 3 B4 3 a2 Valeanic glais 39" B3 1
Zealite 3 2 3 B0 10 Zoolite a0 2 3
Radiciario 7 3 Carbonate urp, 20 0 20
Sponage spicules - Tr Fiih ramaing Tr Te Te
Gt Sponge spicubes Tr - -

“Alered
THIN SECTION DESCRIFTION

8 2,47 em: PALYGORSKITE CLAYSTONE: Sy size T0%: clay viee THIN SECTION DESCRIFTION
30%; clay 36%; palagonite 10%; hematite 2%: zeolite S0%; frsh remains 1, 90-84 em: i ite-rich siftitone with
2%, Falted mass of reolite laths in dlay, which are modarately well /ol gr and 7 custs of
allgned in bedding plane. 1,140 em: Clay replaced hyaloclastite sandstone—Band tize 80%; sl

=z 10%; feldspar grains 3%; opacuies 5%, volcenic glass replaced by
MRAY DIFFRACTION chay TE%; ' L be 8 Wiedd carbonate 16%.
2,47 em: PALYGORSKITE CLAYSTONE: Abundmnt palygorskite; Formar volcanic graina (60-120 microns! mainly sngulas polygons, some
comman laldepar, quarts and imectite. saibangulas 1o sisbrounded, Cement appean 1o be clay, but could be

znolite,

X-RAY DIFFRACTION

1, B0-84 em: Clinopt rich siltitone with

Atundant smectite: common calcite and x-ray smarphous material;

traces of opal-CT and dinoptibolite.
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SITE 462 HOLE A CORE 12 CORED INTERVAL: 544.0 10 5535 m SITE 462 HOLE A CORE 14 CORED INTERVAL: 563.0 1o 566.5 m

BIOSTR. | FOSSIL BIOSTR. | FOSSIL
ZONE [CHARACT, wl> ZONE CHARACT, E u ?ﬂ
Z| o B ) )
€3] e GRAPHIC P 2 E GRAPHIC LITHOLOGIC DESCRIFTION
w | %18 w § 5 | LTHOLOGY |23]22] 8 LITHOLOGIC DESCRIPTION i g 2 %; @ E E LITHOLOGY § §m
S HEAHHEEE e SAHEAHHEGE 25
AEFHEE ks CREIFEHE e
. 0.0 to 2.0 m: Dominantly light beown {SYR 6/4) RADIOLARIAN g 0!.:::; me :a::x:q:‘hrrmn IIEYH ‘.":; EJ;:;:I:WLZ::N
e CLAYSTOMNE with local Intereals of grayish blus-grean [EBG 5/2) = FP LID i m'.z [N.;] l‘:I!E N:’I::r:sn:“::aﬂlon = n
E-} p s
§ % SMEAR SLIDE %! Belowe 1.25 m is bisal whish i dscribed n “Visusl Core Descriptions
§ 8 1 - af Ignsous Rock”
E = Radiolarian Radiolasian _
a9 - T TEXTURE AND elaystons claystane cP & SMEAR SLIDE (%)
i -,g MINERALS 130 22 R
£ o} o)
E = i clayitone Clayitons
Sa - B -
g £ | . s"'u“:‘::' 13 BASALT TEXTURE AND 170 1M
£ il Ciay sire - a2 3 MINERALS D) ©
- Clay 5 L] = Sand tire - )
Volcanic glaw. = 3 e ?:[ sie 9;
Zentite L 3 i ay nize -
Carbonate ianap. - 2 2 = Feldspar 1 i
Calc. nannofosils - 1 ‘:'-F.l\r B7 o8
Radiaiaria " 0" - Micronodules 2 2z
- Zeol 5 5
*Highly altered and coated and filled with silicates. ] M_“:.mo‘““l‘ _ £
1 Radiotaria 5*
THIH SECTION DESCRIPTION = ian g e
1,81 em: Zeolitic mudstona=Sand size 2%. silt size 58%; clay size 3 TEIEY i
AG%; haawy minerals 1%; clay 40%; palagonite 4% zeofite 50 -
e - ] il R
2%, fish ramains 1% = , 120 em: Goethite-ri arian quarts chert

SITE 462 HOLE A CORE 13  CORED INTERVAL: 553.5 to 563.0 m
BIOSTR. | FOSSIL
ZONE  [CHARACT. wl>
Bl 2| cn zie
= APHIC
" g 2 g § £ E (ERaRC, égg LITHOLOGIC DESCRIPTION
< |g12|8|8|2 § G = E:Emm
o |q|g 2 = e =
. |Z2|= Z|e won)
v
B[P T 0.0 to0 3.36 m: Mostly dusiy yaflowish-beown (10YR 2/2)
ZEOLITIC CLAYSTONE with streaks of black IN1) and light brown
[EYR 64} Gray ZEOLITIC CLAYSTONE within 2.33-2.77 m. Some
pate blue green (SBG 5/71 RADIOLARIAN-RICH levels.
1 The bae of com (and Core-Catcher samplel i distinetly darker where
- — CLAYSTONE is blsck [N 1) with light beown streaks snd peodites are
5 . less commar
g "
E E SMEAR SLIDE %)
S| [E] I”
g = .
: E iE sf i ig ii E
: 3
i ) Hhih
E = 2 TEXTURE AND 110 1100 2.2 210 2120 32
- MINERALS o o) (0 (D) (D)
Sand size - - 80 - - -
1| *F it size - 5 10 20 -
Clay size - - % 90 100
- Clay BO B8 M B0 M 100
Faidspar - s e - -
CC Heavy minerais <l = - W = =
Pyrite - 1 - = - -
Zoolitn B 10" 0 0" -
Carbonate unsp. B - - - 1 -
Cale. nannalossily B - - = - -
Fadiolaria - = - -
Fish remain - - - Tr
Volcanic glasa (ale) B 1 5 e
*Corroded

**Complete sahares quartz filled moids

THIN SECTION DESCRIPTION

1,18 em: Zeolitic mudstone—Siit 1ize 20%: clay size BOK; feidspar
1%; clay 74%; opagues 2%; zeclite 20%; carbonats unspecified 1%;
calearsous nannofossils 2% fsint bedding.

2,3.0-7.0 em: Palygorskite clay Unifi ian; fith
romains 2-3%; radialerians common in some layers.

2,85 em: Zeolitic claystone—Sand size 1%; slit size 9%, clay

size BO%; feldsper 3%; opagues 1%; clay BOR: palagonite 10%;
exolite 25%: lish remaing 1%.

2,120 em: Zealitic radialarian claystone—A|tered valcanic

gimss 5%: many clinoptilolite- lled radiclarian catts.

9% 41IS
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Piece Number

Orientation
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FOR IGNEOUS ROCKS LEG | SITE
6|1]als]2

CORE [SECT.
[1]a] ]2

Depth: 565.0 to 566.5 m

H
VISUAL CORE DESCRIPTION E
E
A

MAJOR ROCK TYPE——BASALT SILL

Macroscopic Description:

From 0.0-68.0 cm is fine grained, slightly to mock ly altered microdolerites cut by

numerous veins of calcite {thickest], ite, and clay ite-calcite veins. Key to

symbals in graphic presentation is: in Explanatory Notes dnaplet {this uulnme!

Gray color of mlcmdnlerlus gade slowly near vein to yell brown. dolerites consist

of about BO% plagioclase | ysts and microlites), about 20% clinopy {micro-

phenocrysts and interstitial), am! about 8-10% magnetite (small irregular grains), Pyroxens
partly altered to light green smactite.

From 2.0-7.0 cm the texture of the microdolerite is more fine grainad.

Thin Section Deseription:

4-7 em: Sharp contact of phyric 1o aphyric basalt from chilled margin (top),

Microphenocrysts: Plagioclase (And5-65) 0.05 x 0.6 mm, (aphyric = 52%, phyric = trace),
elongated prisms with the margi lopes more acid; clinopy {phyric = 40%,
aphyric = trace] 0.5 mm, equidimensional; magnetite (phyric = 8%, aphyric = trace),

0.6 mm, deepiv altered to dark brown oxides,

G f [An35.68),
magnetite 10%, <0.04 mm; glass > 70%, altered.

Alteration (B0%): Carbonate, in interior of veins, replacing vein in filling is in the form of
colloform aggregates; clays in margins of veins and groundmass, replacing glass. The clays
in the veins are bright green, and in the glass are pale green. Pyrite in margin of vein replacing
vein in filling. The pyrite is altered to hydroxides.

Texture: Intersertal,

28-32 em: Altered basalt from interior of sill.

Phenocrysts: Plagioclase « 1%, 0.8-1.0 mm, laths, highly altered.

Groundmass: Plagioclase |AnB0 zoned to An38) 27%, 0.1-0.5 mm, highly altered; clinopyroxent
{augite} 25%, 0,1-0.4 mm, subhedral to euhedral, 2V angle ~40°; Ti-magnetite 10%, 0.004
0.08 mm, colorless; quartz < 1%, 0.1 mm, anhedral, with apatite inclusions.

Alteration: Brown clay (3%) and chlorite {35%) ing plagi and clinopy

Texture: Intergranular to diabasic.

Shipboard Geochemistry [XRF, %): Paleomagnetism/Physical Properties:

Interval 4T7cm 29-32cm Interval 6-8em 36cm
Si02 52.23 52.97 NRM Intensity l10'3 wmu/fee) - 03
Ti0z 1.80 1.51 MNAM Incl, (*) - ~61.1
Alz03 18.56 15.40 MDF (Ow.) - 55.0
Fed 8.07 9.99 Stable Incl, (%) - 384
MnQ 0.07 0.12 Vp o lkem/s) 5.0 =
Mg 284 6.54 D {g/ee) 287

Cal 7.65 10,10 P {%) - -
Naz0s5 = =

K20 2.85 0.83

P20s 0.21 022

Total 95.10 97.34

Lol 246 1.99

FeO + MgO 318 1.52

Cal+Ala03 041 0.65

FeO + TiOg 4.77 B.61

. altered; clinopy , altered, idi I -

9% 4.LIS
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SITE 462 HOLE A CORE 15 CORED INTERVAL: 5B6.5 to 572.0 m

BIOSTR, FOSSIL
ZONE  |CHARACT. w|>
gl ¢ GRAPHIC z § 3
4 2 I
w 218 @z 5 S| LITHOLOGY % ﬁg‘_‘i LITHOLOGIC DESCRIPTION
o | % (2 HE @ o =225
< |2 |Z|8|& = g w| = 5|52 %
2 |2|2|2|2|= s
- . 0.01t00.1 m: Two pieces of VOLCANIC ZEOLITIC MUDSTONE
e which may have caved into holn
] 0.1 m and below: Basalt which is describee in detail In "Visisl
05— Core Description of Ignsous Rock™.
bt T SMEAR SLIDE (%)
1.0 BASALT )
3 Valcanie #eolitic Voleanic zeolitic
a Frudditong ‘mudstone
TEXTURE AND 13 18
1 MINERALS i ™)
- Sand viae - 16
q Silt sire B0 0
5 Clay sizn n 15
4 voi Heavy minavaly 2 2
2 i Volcansc glass [altered) 85 <]
Carbonate spartrag. o L

79t LIS



80T

Piece Number

af

seoiment| Graphic o on

“|2F

2H|

Orientation

L

A

Shipboard Studies

V,DP

%T| |/

-

e

T " T

BN N NN

Special Storage

H

VISUAL CORE DESCRIPTION b
FOR IGNEOUS ROCKS tec| sime |g| come |seer.
L§J1 alel2[a] [1]s] [

Depth: 566.5 to 568.0 m
MAJOR ROCK TYPE—BASALT SILL

Macroscopic Description:

There is ~ 10 cm of sediment at the top of the section which is described in detail in the

Sedimentary Visual Core Description. Altered ( 7 grain-size) basalt extends from 0.1-0.6 m and

has many veins, of calcite and celadonite veins and complex veins of calcite, celadonite, ete.

Below 0.6 m the altered basalt is aphanitic and veins are less abundant, At ~36 cm are

chiorite and clay halos.

Thin Section Description:

44-48 cm: Highly altared basalt from sill margin with alteration vein,

Phenocrysts: None.

Groundmass: Plagioclase [(An50 zoned to 7) 30%, 0.1-0.3 mm; clinopyroxene {sugite) 20%,
0,1-0.8 mm, subhedral, clear and highly replaced; magr 15%:; al i 1y 35%.

Alteration: Pyroxene simost totally replaced by green clay end chlorite (in that order); iron
and oxides and hydroxides, cart . green and brown clays, zeolites, and

and also occur in groundmass and veins,

are g g

Texture: Intergranular to diabasic,

117120 em:  Altered basalt from interior of sill.

Phenocrysts: None.

Groundmass: Plagioclase (An70-60) 20%, 0.1-0.5 mm; clinopyroxens (augite) 45%, 0,1-0.4 mm,
subhedral, light greenish brown; Ti-magnetite 10%, 0.05-0.2 mm, (does not include dust-like
magnetite found with clay and zeolite in altered zone),

Alteration: Green and brown clays, fibrous and low relief zeolite, and magnetite dust (tozal
26%), replacing clinopyroxene.

Texture: Diabasic,

Shipboard Geochemistry (XRF, %):  Pal ism/Physical Prop

Intarval 117:120 em Intarval 25cm 78-81cm 110 em
Si02 50.96 NRM Intensity (10'3 emulec) 07 - 1.1
Tiog 145 NAM Incl. *) ~724 -  -413
Alg03 1383 MOF (Oe.) %0 - 5.0
FeO 12.20 Stable Incl. *) -288 - 27.17
MnQ 0.20 Vp i (kmys} - 6.30 -
MgO 6.63 D (gfech - 299 -
ca0 11.83 P (%) - 1 -
Neg0 —~

K20 0.06

P205 0.21

Total 96.96

Lol 0.63

FeO + MgO 184

Ca + Alp03 0.85

FeO = TiO2 841

cm
0 —

Piece Number

S M el Graphic
o Representation

Orientation

Shipboard Studies

N S S N Alteration

Special Storage

VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

LEG

SITE

CORE

SECT.

6]t

als 2

[1]s

Depth: 568.0 to 568.2m
MAJOR ROCK TYPE—-—BASALT SILL

Macroscopic Description:

Basalt with veins of calcite and pyrite. Slight coarsening of grain-size in a zone from 3.0-5.0 cm.

Thin Section Description:

69 cm: Altered basalt from sill interior.

Phenocrysts: Plagioclase (AnB0 zoned) < 1%, 0.3-0.5 mm, anhedral.

Groundmass: Plagioclase (An77 zoned to An36l 20%, 0.1-0.4 mm; clinopyroxene (augite)
35%, 0.1-0.6 mm, 2V engle ~55°; Ti-magnetite 10%, 0.005-0.2 mm (also fine grained,
associated with green clay); clays 35%, green alteration.

Alteration: Clays (35%) al ion of clinopy ing
plus pyrite 12] ealeite {
(5} quarts (granular), and {B) second generation calcite.

Textre: Diabasic.

Vein has {1)eaicite

m), (3} clay (brown), (4] chaleedony (eolloform),

9% 4LIS
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g i
5 H E & H 2 .5. § § S
E £ S8 = - VISUAL CORE DESCRIPTION £ E £S5 3 E] VISUAL CORE DESCRIPTION v
E ..".g g g = FOR IGNEOUS ROCKS LEG | SITE |g| CORE [SECT. z .§¥ ; ‘i = FOR IGNEOUS ROCKS LEG | SITE |g| CORE |SECT.
- i a
- 83538 o [o[ef2]al TiTe] T - § 88535 1 [oJelz ]a[ T | T2
04 p=— R - T
® % ‘ Depth: 572.0 to 5736 m 1al 'i |’ Depth: 573.5ta 574.0m
e ER —
X x MAJOR ROCK TYPE—BASALT SILL MAJOR ROCK TYPE——BASALT SILL
- ey = M
] O. Macroscopic Description: § { Macroscopic Daseription:
Kl From 0.0-139.0 ¢ more fine grained microdolerites, the same a3 in Core 15, Section 2. 18] * Microdolerites the same as in Core 18, Section 1.
—14) .0. Quartz-celadonite-clay-calcite and quertz-diorite-like veins appear at the end ?f the Jntemal.. -
& % —p#rid- quartz-diorite-like veins; X X X finer grained microdoleri Visible jon is Paleomagnetism:
g obsarved nesr veins, pyroxene is slightly replaced by green smectite. Quartz-diorite-like veins - Interval 12cm
consist of quartz and plagioclase, partly altered to calcite and bright green smectite, NRAM Intensity 110°3 emu/cc) 1.3
— M alteration is observed near veins, pyroxene is slightly replaced by green smectite. Quartz- — NRM Inel. (") ~62.6
_I diorite-like veins consist of quartz and plagioclase, partly sltered to calcite and bright green MDF (Qe.) 40.0
smectite. = Stable Incl. {*) -271.2
. v,p,p Thin Section Description: N 1:1&?; |
97-101 cm: Altered basalt from sill interior, T
4 F Phenocrysts: Plagloclase < 1%, 0.3-0.6 mm, subhedral, strongly zoned. g
Groundmass: Plagioclase (An75), 0.2-0.7 mm, not stroengly zoned; clinopyroxene {augite)
50— ‘lﬂj ’ 56%, 0.1-0.6 mm, subhedral, light brown; Ti-magnetite 7%, 0.002-0.3 mm. s~ [VOI?
ﬁ Alteration: Carbonate (2%) and green clay [10%) in patchy replacement of rock. Also J
-1 vein with pyrite, calcite, chalcedony, clay, and quarz.
Texture: Diabasic.
-] 1 * 116119 em: Vein in highly altered basalt from sill interior, Basalt is similar to Core 16, h
Section 1 and altered to green clay, brown clay, and minor chlorite. Vein contains calcite,
1 V.D,P chiorite, chalcedony, pyrite, bright yallow-green clay, and brown clay. 7
137140 cm: Vein in altered basalt. Vein contains quartz, calcite, pyrite, green clay, brown ==
clay, Fe-Mn oxides and hydroxides, chalcedony, second generation of calcite and possibly
zeolite (7). _
Shipboard Geochemistry (XRF, %):  Pal [Physical Prop N
Interval 129131 em Interval 29cm  34-36 6264
em em
$i0p 40,97 NRM Intensity (103 emu/ec) 11 — S 1
Ti0g 1.40 NRM Incl. () —67.6 - - il
Ala03 14.08 MDF (Qe.) 350 - -
FeO 12zn Stable Incl, (*) -203 = - ]
1 MnO 0.20 Vp o (km/s) - 592 6.09
Mgl 6.84 D igee) - 298 298 100-—
Cal zn P (%) - 1.7 14
NagQ s ~
K20 0.06
P05 0.23 -
Total 96.55
[Kell 043 =]
T FeD + Mgd 177 _
Ca0 - Al203 0.86
FeO + TiO2 8.65 |
X ‘_l
. i
4 -
VoID
150 150 L

9% 41IS
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VISUAL CORE DESCRIPTION 2
FOR IGNEOUS ROCKS e | sime |k

al6[2]a

Depth: 6574.0 to 576.5 m

CORE
[1]7] |1

61

MAJOR ROCK TYPE—BASALT SILL

Macroscopic Description:
Massive subophitic dolerite with veins of celadonite, calcite, clay, and calcite plus celadonite and
clay, The dolerite is aphanitic 1o sparsely spotted with dinopyroxene aggregates and plagioclase
phenocrysts. Mi sh ysts are plagioclase and clinopy and micralites of plagh
i and Ti ite (plagioclase > clinopy > Ti-magnetite], The dolerite,

chlorite veins and clay veins are, respectively, medium bluish gray (58 5/1), dark green, and light
olive brown (8Y 5/8). Sulfide (pyrite) occurs in some veins, Alteration is moderate to slightly
maoderate.
15Y 5/6). Sulfide (pyrite) oecurs in some vains.
Alteration is moderate to slightly moderate.
Thin Section Description:
98.100 em: Subophitic dolerite from sill interior.
Phenocrysts: Plagioclsse (AnB0-65) 2%, 0.4-0.6 mm, acicular to prismatic. These are

idered to be mi

ysts,

Groundmass: Plagioclase (An70-58) 47%, < 0.2 mm, subhedral; micralitic o g |
dinopyroxene 46%, <0.2 mm, subhedral, ictog ite 5%,
<0.05 mm, prismatic, most common in altered part.

Alteration: Clays {25%) in spotted and in the s, replacing clinopy

Texture: Subophitic.

Shipboard Geochemistry (XRF, %):

F hysical P

Interval 98-100 em Interval 41em B8897em 129em
5i0z 50.03 NRM Intensity (103 emufec) 1.2 - 2.4
Ti0g 1.39 MNAM incl. (*} -35.1 - —24.0
Alz03 13.82 MDF (Oe.} 50.0 - 55.0
FeO 11.97 Stable Incl. (") -20.3 - —184
MnO 0.19 Vp s (km/s) - 581 -
MgO 6.9 D (glcel - 2.98 -
Ca0 11.85 P (%) - 1.7 -
Na20 -

K20 0.02

P205 0.22

Total 86.17

Lol o7

FeO + MgQ 1.7

C30 + Alz03 085

FeO + TiD2 B.61

o
3

0 —
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VISUAL CORE DESCRIPTION E
E

FOR IGNEOUS ROCKS LEG | SITE CORE

[1]7] |2

6] 1]4]6]2]a

Depth: 5755 1o 577.0m
MAJOR ROCK TYPE-—BASALT SILL

Macroscopic Description:

Massive veined subophitic dolerite as mentioned in Core 17, Section 1,

Thin Section Description:

36-38 em: Subophitic dolerite from sill Interior.

Phenoerysts: Plagloclase {AnG5-60) 3%, 0.5-< 1.0 mm, prismatic; clinopyroxene 1%, 0.5 mm,
associated with plagioclase laths; phenocrysts to microphenocrysts.

Groundmass: Plagioclase 45%, < 0.2 mm, subhedral to euhedral, microlite to groundmass;

clinopyroxene 46%, <0.2 mm, dral, mi o 5%, <0.06 mm,
prismatic, microlite 1o groundmass, absorbed more frequently in altered part; clinopyroxens
and plagioclase often form sp litic aggreg:

Alteration: Clays [30%) in spotted locations and mesostasis, replacing pyroxens,
Texture: Subophitic.

Shiphoard Geochemistry (XRF, %):  Pal [Physical Properti
Interval 36-38 cm Interval 5254 cm 8&%em
5i02 49.26 NAM Intensity 1103 emu/ce) = 1
Tioz 1.40 NRM Incl, ) - -330
AlZ03 13.97 MDF {Qe.) - 450
FeD 177 Stable Incl. {*) - 244
MnO 0.19 Vi 1 km/s) 609 -
MO 7.30 D {glec) 297 =
Ca0 11.81 P (%) 23 -
Nag0 -

K20 0.08

P305 0.22

Total 9557

Lol 0.79

FeO + MgO 161

Ca0 + Al203 0.84

FeO = TiOz 8.40

9% LIS
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VISUAL CORE DESCRIPTION E
FOR IGNEOUS ROCKS Lec | siTe |g| come [sect.
o[1]ale]z [a] [1]s] |1

Depth: 576.0 to 577.5 m
MAJOR ROCK TYPE—MASSIVE BASALT SILL

Macroscopic Deseription:
Massive, veined, subophitic dolerite. Veins are celadonite, calcite, clay and complex veins,

Piece 1: Aphyric with microph ysts of el ¥ and plagi ; slightly altered
Piece 2A-5C: Aphanitic to sparse spots {more frequent than Core 17) of clinopyroxene
aggregates and phenocrysts (< 2.0 mm} with some veins of calcite, chlorite and clay. This
dolerite Is made of phenocrysts of cll and mi h yets of clinopy .

i and mi of clinopy . plegiociase and Ti ite [clinopy -
plagioclase > Ti-magnetitel. In some veins, sulfide {pyrite?) occurs. Color and alteration are
the same as mentioned in Core 17, Section 1.

Thin Section Description:

128-130 em: Subophitic dalerite from sill interior.

Phenocrysts: Plaq@cim [AnG0} 7%, 0.4.0.7 mm, subhed. h , microph Y18 to
phenocrysts; clinopyroxene 7%, 0.4-0.8 mm, subhedral-euhedral; microph ysts to
phanocrysts.

Groundmass: Plagioclase (40%) <0.4 mm, partly sp tog

dinopyroxene 40%, <0.4 mm, prismatic, microlite to groundmass; magnetite 6%, < 0,05 mm,

partly dust, mi to gr maore
Alteration: Clays (256%) in spotted |
and mesostasis of plagioclase.
Texture: Subophitic.

occurrences altered areas.
i ysts of eli

Shipboard Geochemistry (XRF, %): Paleomagnetism/Physical Properties:

Interval 128-130 em Interval 85ecm 122cm
5i02 50.38 NRM Intensity :10’3 emu/cc) 1.9 2.1
Ti0g 1.37 NRM Ind. *) -36.3 -3719
Al203 14.03 MDF (Oe.} <50.0 60.0
Fel 12.23 Stable Incl. [*) -247 -6
MnO 0.19 Vp o (kmis) - =
MgO 6.82 D (glee) - -
Cal 11.77 P (%) - L
Naz0 =

K20 0.08

P05 020

Total 96.68

Lol 079

FeO + MgO 1.78

Ca0 + AlgOa 0.83

FeO + TiOg 8.92

Piece Number
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VISUAL CORE DESCRIPTION ?
FOR IGNEOUS ROCKS weG | siTe |g| come |secT.
ol1]a]e]2 [a] [1]s] [z

Depth; 577.510579.0m
MAJOR ROCK TYPE——MASSIVE BASALT SILL

Macroscopic Description:
The massive subophitic dolerite is aphanitic 1o slightly porphyritic, veined, and 15 the same
as mentioned in Core 18, Section 1. Veins are celadonite, calcite, day and complex veins.

Thin Section Description:
48-50 cm: Subophitic dolerite from sill interior
Phenocrysts: Plagioclase (AnBS) 7%, 0.4-0.9 mm; clinopyroxene 8%, 0.4-1.0 mm, partly large

laths of clinopy ing laths of pl lase (ophitic texture); microphenocrysts 1o
phenecrysts.

Groundmass: Plagioclase 40%, 0.1-0.4 mm, euhedral to " inopy 3%,
0.1-0.4 mm, subhedral to euhedral, microlit gnetite 6%, <0.1 mm, microlite, partly
dust-like; trace of quartz and alkali feldspar.

Alteration: Clays (30%), in spotted ions, ing vsts of cli

and microlite of plagioclass and clinopyroxens.
Texture: Subophitic.

Shipbaard Geochemistry (XRF, %): P [Physical i

Interval 48-50 cm Intarval 15-17 57 6062
cm cm om

Si0g 50,59 NRM Intensity {103 emu/cc) - 07 -

Tiogz 1.34 NEM Incl. {*) - -519 -

Al203 13.87 MDF [De.] - /O -

FeQ 12.49 Stable Incl. ") - -33.0

MnO 0.38 Vp i (km/s) 5.52 614

MgO 7.02 D (g/ce) 282 - 282

CaQ 11.68 P (%) 1.9 -

Maz0 —

K20 0.05

Po05 0.20

Total 97.04

LOI 0.73

FeO + Mg0 177

Ca0 + Alz03 0.84

FeO « TiO2 03

9% 4LIS
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

mroxT

LEG SITE CORE

[1o] [n

Depth: 578.0 to 579.5m

>»

6[1]a]6l2

MAJOR ROCK TYPE—BASALT (SILL}

Macroscopic Daseription:

Massive, veined basalt. From 45.0-85.0 cm is a vein with dark green edges and a light green

(106G 8/2) interior (caladonite?, zeolite?); from 75.0-85.0 cm the veins are caladonite, pala

green matarial and pyrite; from B5.0-82.0 cm vains are celadonite and pale green minerals and

from 118.0-150.0 cm the veins also have pyrite blotches,

Thin Section Deseription:

10-12 em: Microdolerite from sill interior.

Phenocrysts: Olivine, 0.2.0.4 mm, euhedral, smectite phs;
elongated prisms and tables, margins more acid; trace of clinopyroxene.

Groundmass: Plagioclase {AnG0-80) 56%, 0.02-0.12 mm x 0.2-0.6 mm, microlites; clinopyroxens
36%, 0.08-0.6 mm, equidimensional; magnetite 8%, 0.06-0.2 mm, intergranular; glass 15%,
altered to dark brown clay.

Altaration: Clays (15%) in isolated p

Textura: Microdolerita,

49-51 em: Microdolerite from sill interier, (Includes grain-size boundary and vein.)

Phenocrysts: Plagioclase (And45-62) ~ 1%, 0.8 x 1.5 mm, zoned tables; clinopyroxene, trece,
0.6 x 0.8 mm.

Groundmass: Plagioclase 31%, prisms and microlites; clinopyroxene 45%, anhedral; magnetite
8%, intergranular; glass 16%, interstitial, altered,

Alweration: Sphene (trace in leucoxene aggregates near and within veins. Glass (15%, in
groundmass, altered to dark brown clay; carbonate (2%) in small relics in clay, s of
hydrothermal erigin; clays (63%) in vein imerior, are of hydrothermal erigin; zeolites
{2%), in interior of tha veins and later veins, are of hydrothermal origin. Muscovite and
parsgonite (15%) in vein margins, replacing clays and pyroxene fibrous radial aggregates.

Texture: Microdoleritic to intersertal

{An42-90),

ing alivine (7), (?), and glass.

Shipboard Geochemistry (XRF, %): P:

hysical Prop

Interval 10-12em 5254 cm  Interval 18em 34-36em 104 em
5i0g 49,560 50.00 NRAM Intensity 1103 emufec) 08 - 05
Tioz 2m 140  NAM Incl. (*} =463 - -63.2
Alp03 16.27 13.86  MOF (e 60.0 - 27.0
FeO 11.83 1265 Stable Incl. (*) =206 - -43.2
MnQ 0.38 0.23  Vpa tkm/sl = 5,84 -
MgD 7.16 7.18 D liglee) - 2497 -
Cal 7.88 11.80 PI(% - 1.7 -
MNa0 - -

K20 041 040

P05 0.23 0.20

Total 95.06 97.03

Lol 0.36 0.66

FeD + MgO 1.65 1.76

Ca0 + Alg03 0.48 0.84

FeO + TiDz2 5.88 9.03
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VISUAL CORE DESCRIPTION g
FOR IGNEOUS ROCKS LEG | SITE [E| CORE |SECT.
6[1]a]e[2 [a] Ti]o] 2

Depth: 579.5 to 580.8 m
MAJOR ROCK TYPE—BASALT [SILL)

Macroscopic Description:

Altered, veined basalt sills. Veins are of celadonite, pale green material, and pyrite. From 0.0-
50.0 cm veins occur (throughout) approximately every 2.0 em, Below 50,0 cm, veins ocour

as shown in graphic presentation, From 77.0-105.0 em is & zone of fine grain-size.

Thin Section Description:

5860 cm: Altered aphyric basalt from sill bottom.

Phenocrysts [micro): Trace of plagioclase.

Groundmass: Highly altered clinopyroxene 14%7?) and plagioclase {14%7?); magnetite 12%;
glass {7) altered.

Alteration: Pale grayish green clays (60%) are replacing all minerals and glass.

Texwre: Microdolerite intersertal,

89-93 cm: Altered phyric basalt of sill 1op.

Mi 1 |

T ysts: Trace plagi Py ~2%, 0.2-1,0 mm, cuhedral,

Groundmass: Plegiociase 15%, <0.02 mm, laths, needies; clinopyroxene 2%, <0.02 mm,
equidimensional; magnetite 8%, <0.02 mm, dust-like; glass 75%, mesostasis, deeply altered.

Alwration: Clays [80%) are replacing all minarals and glass,

Texture: Hyalopilitic to variolitic,

113116 em: Slightly phyric basalt from next to glassy margin of a sill.

Phenocrysts: Plagioclase (trace), 0.1 x 1.2 mm, elongated prisms; clinopyroxene ~ 2%, 0.2-1.0
mm, equidimensional.

Groundmass: Plagioclase 20%, <0.04 mm, laths; clinopyroxens 2%, ~0.04 mm, irregular;
magnetite B%, <0.02 mm, dust-like; glass 70%, opaque mesostasis.

Alteration: Clays |70%) replacing glass in the mesostasis.

Texture: Intersertal.

Shipboard Geochemistry (XAF, %):  Pal [Physical F

Interval 80-92 em Interval 73em 93em 118121 cm
Si02 49.88 NAM Intensity (103 emu/ec) 0.5 0.7 —
Tiog 1.38 NRM Incl. (] —-4889 414 -
Al203 13.67 MDF (Oe.) 50.0 500 —
Fed 12.72 Stable Incl. 1"} —342 -438 o
MnQ 0.20 Vi (km/s) - - 4.61
MO 687 D (glecl - = 26
Cal 11.89 P (%) - - .o
MNaz0 —

K20 0.08 *Vein

P05 0.19

Total 86.51

Lol 0.66

FeO + MgO 185

Ca0 + AlpD3 087

FeQ + TiO2 a2

9% 9LLIS
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VISUAL CORE DESCRIPTION ¢
FOR IGNEOUS ROCKS LEG | SITE |g| CORE |SECT.
6[1[a[6][2]a] 2]o] |

Depth: 581.0 1o 5826 m
MAJOR ROCK TYPE—BASALT (SILL)

Macroscopic Description:

Massive fine grain-sized basalt with veins, From 35.0-80.0 cm, veins of celadonite pyrite ocour
which are 0.6-2.0 mm thick. From —55.0 cm and downward, the rock appears to subtly
become finer in grain size and more leucocratic,

Thin Section Deseription:

72-74 em: Slightly phyric basalt from area next 1o glassy margin of a sill.

M ysts: Cl ~2%, 0.5-1,2 mm, equidimensional,

Groundmass: Plagioclase (trace) <0.02 mm, common spots of variolitic aggregates; magnetite
7%, dust-like, intergranular and spots in glass 30%, altered, spots and interstitial.

Vugs: Vugs 2%, 0.08 mm, in groundmass, zeolite fillings, elongated to irregular shapes,
surrounded by variolitic aggregates,

Alteration: Clays (30%) in glass spots and mesostasis, replacing glass and all minerals.

Texture: Intersertal to variolitic.

144-146 em: (Piece 4C) Basalt from sill interior,

BN O "% N N N AN TR N, N N N

Phenocrysts: Olivine (?%) pseudomorphs of green clay; plagioclase (AnB0) 1%, 0.2-0.4 mm;
clinopyroxene {augite) 2%, 0.3-0.6 mm, suhedral, twinned and with inclusions.

Groundmass: Plagioclase (An55) 25%, <0.2 mm, skeletal microlites and crystallites; clinopyroxens

{augite), 2V angle = 50", 47%, <0.08 mm, quench texture; Ti-magnetite 10%, <0.02 mm,

anhedral to euhedral.

Aleration: Green and brown clays [15%) rep

Texture: Intersartal,

Shipboard Geochemistry (XRF, %):

and gt

hiysical F

Interval 7274 144146 Interval 59 2729
cm om cm om com

si02 4963 48.24  NRM intensity (103 emufec) 22 23—

Tiog 1.63 184 NRMincl, [°) -63.0- —436  —

Alz03 1362 1332 MDF (Oe) 650 600 -

FeO 1346 1304  Stable Incl. [*) 458 -403  —

MnQ 0.28 0.1 Vp i (km/s) - 542

M50 6.90 663 D lglec) - 287

Ca0 142 @ P - a3

Nag0 i =

K20 0.02 o1

P05 023 0.26

Total 9658 9530

Lot 0.07 0,00

FeO + MgO 195 1.96

CaD + Al03 084 085

FeO + TiOp 825 795
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VISUAL CORE DESCRIPTION £
FOR IGNEOUS ROCKS LEG| SITE |g| CORE |SECT.
61]a]6]2 [a] [2[o] ]2

Depth: 5825 to 584.0 m
MAJOR ROCK TYPE——BASALT (SILL)

Macroscopic Description:

Massive fine grain-sized basalt, From 100,0-120.0 cm are 1-2 mm thick veins of celadonite plus

pyrite.

Thin Section Description:

93-85 cm: Altered basalt from sill interior.

Phenocrysts: Plagioclase < 1%, 0.5 mm; clinopyroxene {sugite} 3% (microphenoerysts),
0.30.5 mm.

Groundmass: Plagioclase (AnG0-AnS0) 25%, 0.2-0.5 mm, euhedral-anhedral; Ti-magnetite 10%,
0.005-0.2 mm; glass 3%, altered to clay, interstitial trisngular patches

Alteration: Groen clays replacing glass (3%) and clinopyroxens {10%); zeolites {5%) replacing
clinopyroxens,

R T O WD O O O W~ . W

Texture: | ur 1o diabasic

Shipk | vy (XAF, %): P fPhysical Properties:

Interval 9395 cm Intarval 68em Tlem 137ecm
Si0, £0.32 NRM Intensity (103 emufec) - 1.9 28
TlO? 1.64 NAM Incl. ("} ~76.3 —B4.1
AI203 1353 MOF (Qe.) = 40.0 45.0
FeD 13.82 Stable Incl. ("} = —64.9 497
MnO - Vo (kmish 6.03 - -
MgD 6.99 D {glceh 299 - -
Cal 11.42 P %) 05 -
Nay0 -

K50 0.14

Pa0g -

Total -

Lo 0.07

FeO + MgO 197

Ca0 + mzoa 0.84

Fel = TiDJ. Baz2

9% 41IS
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VISUAL CORE DESCRIPTION ?
FOR IGNEOUS ROCKS LEG| SITE |g

s[1]a]e|z]a] [2][1] |1

CORE |SECT.

Depth: 586.0 to B87.5 m
MAJOR ROCK TYPE—BASALT (SILL)

Macroscopic Deseription: IS':(;“"I
Sediment from 0.0-14.0 cm. (See Sedi y Visual Description.) Three basalt sills {units): TiDz
Unit 1 occurs from 15.0-~96.0 cm; grain-size increases from 15.0 em to a maximum at 40.0- N:Oza
42.0 cm and decreases from 42-93 em whare a glassy chill margin exists from 93.0-96.0 em; dark FeO
Yo = 2 MnO
Unit 2 occurs from ~86.0-~123.0 cm, Veined basalt without any apparent top or lower chill Mg0
marging in tact. |Actual top and bottom of this unit are missing.) ca0
Unit 3 occurs from ~123.0-150.0 em(?). The upper boundary is marked by a glassy margin Nag0
with red “baked” sediment [123-126 cm), K20
Thin Section Description: Pa0s
16-20 em (Piece 1A}: Highly aitered disbase from sill interior, Total
Phenocrysts: Plagioclase «1%, 0.9-1.0 mm; clinopyroxene (sugite) 2%, 0.4-0.8 mm, with ophitic LoF
plagiociase, FeO = Mg
Groundmass: Plagioclase (AnG8) 21%, 0.2.0.4 mm, subhedral; clinopyroxene {sugite} 45%, 0.1-0.6 Ca0 : Al20
mm, subhedral, light brown; ite [Ti) 5%, <0.1 mm, subhedral to euhedral; glass 2%, small Fe0: Ti023

interstitial patches of altered glass; quartz variolitic, patches with fresh glass.
Alteration: Brown clays [25%) in large patches [2mm), replacing all minersls.
Texture: Diabasic.

4042 em [Pieca 1A): Highly sltered diabase from sill interior. ;:‘;:‘"' ;
Phen: ts: Cli roxene (augite) 1%, 0.4-1.0 mm, subhedral. urkyad
ki ey a + 1 {102 amu/fec)
Groundmass: Plagioclase (An75-45) 20%, 0.2-0.5 mm, to linopy {augite) NAM Incl. )
36%, 0.1-0.3 mm, subhedral, light brown; Ti-magnetite 5%, <0.05 mm; glass 8%, interstitial MDF {Oe. I:
altered glass patches. Stable Ing"l (]
Alteration: Clays and chlorite {30%) occur as (1) large patches of elay with minor (late) chlorite, Vo 1km.’s‘l
and (2] in vains in the rock. D {g/ec)
Texture: Diabasic. P (%)

95-96 em (Piece 1C): Altered glassy basalt from bottom chill margin of sill.

Phenocrysts: Plagioclase {An78-65) 2%, <0.16 mm, zoned, puhedral, and microphenoerysts;
clinopyroxens {augite) 3%, 0.05-0.2 mm; eubedral, and microphenocrysts.

Groundmass: Plagioclase 5%, < 0.03 mm, small microlites and crystall linop {augivel
6%, <0.005 mm, quench textured form; magnetite (Ti) 10%, <0.02 mm; glass 75%, glassy
groundmass, mostly altered.

Alteration: Clays and chlorite ing g glass, and clinopy

Texture: Variolitic.

123-125 em (Piece 1B): Altered basalt from interior of sill.

Phenocrysts: Plagioclase (An55-65) 1%, 0.3-0.5 mm; oscillatory zening; elinopy {augitel 2%,
0.5-1.0 mm, subophitic texture,

Groundmass: Plagioclase (An60} 40%, 0.1-0.3 mm; clinopyroxene {sugits] 37%, <0.02 mm,

1o light brown, {Ti) 6%, <0.05 mm, subhedral; glass 15%, altered
interstitial glass patches.
Alteration: Green clays {10%) replacing clinopyroxene, Groenish brown clays replaced interstitial
glass patches.

Texture: A iti oy .
146-149 em (Piece 1K): Altered fine-grained basalt next to glassy margin of sill.
Phenocrysts: Plagioclase trace, 0.1 mm, subhedral; clinopyroxene (augite) 3%, 0.1-0.2 mm,

al ysts.

Groundmass: Plagioclase 39%, <0.03 mm, skeletal and microlites; clinopyroxene 38%, <0.01
mm, quench crystals and small variolites; magnetite (Ti) 10%, <0.01 mm; glass 15%(7) (all
glass plucked from section 7).

Alteration: Clays plus chlorite (10%) are replacing groundmass, but also occur in veins,

Texwre: Hyalopilitic to interstitial.

50.63
1.66
13.66
13.33
155
11.12

0.13

0.45
1.76
0.81
803

Shipboard Geochemistry (XRF, %):

4042 cm 8396 cm

50.33
1.74
14.00
13.02
6.32
10.76

0.2
1.69
2.06
0.76
748

Paleomagnetism/Physical Properties:

76em  B6-88 cm

1.0
=731
200
~64.2

527
289
25

123-125 cm
48.98
1.89
14.74
12.85
6.82
9.51

0.20
377
1.88

0.64
6.79

125
~56.2
50.0
~62.6

Leg 61, Site 462, Hole A, Core 21, Section 1——Continued

146-149 cm
4777
188
15.06
12.88
6.30
8.99

0.20

264
2.04
0.59
6.85

135cm

25
-52.6
250
-49.3

9% LIS
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VISUAL CORE DESCRIPTION 2
FOR IGNEOUS ROCKS Lec | site |g

6l1]ale]2]a] [2]1] |2

CORE |SECT.

Depth: 587.5 to 5858.0 m

MAJOR ROCK TYPE—BASALT SILLS

Macroscopic Deseription:
Two basalt silts {units). From 0.0-26.0 cm oceurs glassy margin and baked sediment fragment;
sither the bottom contact of Unit 3 or top contact of Unit 4.

Unit 4, occurs from 26.0-57.0(7) em. From 26.0-28.0 cm grain size increases downward,

Mote: The fragments in the top of this section include (1) two basalt fragments which contain
glassy margins; |2 two basalt fragments which lack glassy margins, and (3) one small fragment
of red (10R 4/6) baked sediment with a portion of glassy margin of a sill. None of these fragments
are in i ic order and itisi ible to distinguish if these miscell frag-
ments represent the bottom of a chilled margin of Unit 3 or the upper chilled margin of Unit 4.
Itis likely that both are present.

Thin Section Description:

88 cm (Piece 1B): Altered glassy basalt from glassy sill margin.

Phenocrysts: Plagioclase (An61) 1%, 0.1-0.2 mm, euhedral, slightly zoned; clinopyroxena [augite)
5%, 0.05-0.5 mm, euhedral microphenocrysts,

Groundmass: Plagioclase 10%, <0.03 mm, mi and erystalli li 10%, <0.02 mm,
quench crystals and microlites; magnetite (Til 5%, <0.01 mm, wm«:‘ral glass B9%, simost
all altered.

Alreration: Clays and chlorite replaces almost all glass, some quench phases, and clinopyroxens
phenocrysts.

Texture: Variclitic to hyalopilitie.

26-29 em: Glassy altered basalt near chilled margin of lowest sill in core,

Phenoerysts: Plagioclase (An55-60) 3%, 0,15-0.26 mm, euhedral; clinopyroxens laugite) 4%,
0.2:0.6 mm, and ! phyric clusters.

Groundmass: Plagioclase 10%, <0.02 mm long, microlite and crystallite; clinopyroxens 50%,
<0.003 mm, quench erystals, some crystallites; magnetite (Til 12%, <0.008 mm; glass 21%,
altered,

Alteration: Clays and chiorite (30%) replacing quench crystals, plagioclase, and glass.

Texture: Hyslopilitic.

Shipboard Geochemistry (XRF, %): Paleomagnetism/Physical Properties:

Intarval 26-29 cm Interval 36 cm
5i02 48.71 NRM Intansity {10'3 emujec) 0.2
Ti0gz 1.74 NRM Incl, (*) —48.4
Alz03 15.02 MOF [(Oe.) 2100
Fal 12.78 Stable Incl. {*] -47.7
MnO - Vpu (km/s) -
MgO 6.95 D (glech -
Cal 10.81 Pl -
Naz0 -

K20 0.19

P205 =

Total -

Lol 265

FeO + MgO 1.83

Ca0 + Alp03 0.72

FeO : TiO2 7.34
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE

6|1]alelz [a] |2]z] |1

CORE |SECT.

mroxT

Depth: 588.0 to 589.5 m
MAJOR ROCK TYPE-—MASSIVE BASALT SILL (DOLERITE)

Macroscopic Description:
Massive, moderately to slightly altered dolerite sill with veins of caladonite and celadonite plus
clay, From 0.0-90,0 em (Pieces 1-4G) is aphyric and is a chilled margin and transitional zone
of 5ill. Grain size becomas coarser toward center of the section, and from 80.0-~135.0 em
is aphanitic to slightly porphyritic basalt. The lower sill boundary at 135.0 cm is sharpe,
The 135.0 cm interval is the boundary between sill interior and slightly aphyric basalt from
135.0-145.0 cm. Aphyric basalt is greenish gray (5G 4/1), and aphanic basalt is medium
Huld‘\ gray |68 EHF At chilled rnlrgms clinopyroxene > plagioclase, while at the

zone Py - The ratio of (clinopyroxene)/(plagioclase)
microphenocrysts may decrease toward the interior of the sill.
Thin Section Description:

10-12 em (Piece 1}: Altered basalt from marginal portion of sill.

Phenoerysts: Plagioclase (AnB3) 3%, 0.4-0.6 mm; clinopyroxens (sugite) 5%, 0.2-0.4 mm.

Groundmass: Plagioclase (AnB0 zoned to An28) 27%, 0.1-0,2 mm; clinopyroxene (augite) 20%,
< 0.2 mm; magnetite 10%, <0.04 mm; glass 15%, interstitial patches totally replaced;
amphibole (2%7).

Alteration: Green clays, chlorite (total of 35%), and amphibole (2%7) are replacing glass and

3537 em: Slightly phyric altered basalt next to glassy margin of sill (1op),
Microphenocrysts: Plagioclase (AnSB) < 1%, rare rabul'w forms ::Ilnap\rrm(cm?‘! 0.8 mm.

Groundmass: Plagioclase laths, lme grained i radial-
fibrous, fine grained ite 12%, dust-lik :ulms—‘.‘lﬂ%. musostasis and
pseudomorphs,

Alteration: Carbonate {tracel and clays (30%) in is and pr ing glass
and pyroxens.

Texture: Interstitial.

110-112 cm: Slightly phyric altered basalt from sill interior,

Microphenocrysts: Plagioctase [trace): clinopyroxene ~3%, ~ 1.2 mm, equidimansional, intlude
lagioclase laths.

Groundmass: Plagioclase (AnB0) 47%, 0.02 x 0.6 mm, microlites; clinopyroxens 20%, ~0.06 mm,
equidimensional; magnetite 10%, ~0.05 mm, interstitial; glass 20%, interstitial, altered 1o
dark elay.

Altzration: Clays (20%) in interstitial groundmiss replacing glass,

Texture: Intersertal 1o microdoleritic.

133141 em: Heavily altered aphyric basalt from chilled margin of sill (bottom),

Phenwysr.s Tline :1Inup\fl‘oxer\c

By . and glass, all are highly altered; magnetite ~ 7%.

Alteration: Clws 185%) replacing all minerals and glass in entire rock.

Texture: Intorsertal

Shipboard Geochemistry (XRF,%):  Pal ism/Physical F i

Interval 95100 cm 137-139cm  Interval 47cm 120 cm
Si072 48,80 48,80 NAM Intensity (103 emufec) 3.1 4.2
TiO" 1,66 2.14 NAM Inc. °) -338  56.3
n:ség 13.60 1692  MDF (Oe.) »1000  50.0
F 13.46 12.14 Stable Incl, (*) -329 -522
MgO 747 7.38 Vp i lkmis) = -
Ca0 1150 9.94 D (g/ec) - -
K20 0.08 063  P(%) - -
Lo 0.44 267

FeQ = W 1.80 164

Ca0 ¢« AlD3  0.84 0.68

FeO + Til 810 5.67

9% 41IS
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o in “Visusl Core Description of Ignecus Rock™.
-1 1510 255 m: Dark gray IN3) 10 greenish black {5G 2/1)
”'5‘: VOLCANICLASTI with faint
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Depth: 589510 591.0m
MAJOR ROCK TYPE—MASSIVE BASALT SILL (DOLERITE)

Macroscopic Description:

Sediment from 0.0-110.0 em is discussed in “Sedimentary Core Descriptions”. Altered,
massive basalt [dolerite) sill with veins of celadonite and clay. Each zone is as mentioned in
Core 22, Section 1. The 110.0-115.0 cm zone is a chilled margin; the 115.0-~130.0 zone is
a transitional zone from the chilled margin above to the aphanitic zone at 130.0-150.0 cm,

Thin Section Description:

112-114 cm: Altered aphyric basalt near the glassy margin of the sill,

Phenoorysts: Trace of plagioclase and clinopy . 1.8 mm, gl parphyri

Plagi i ite, andd glass all highly altered.

Alteration: Dark gray chiorite and clay highly altering the groundmiass.

Texture: Hyalopilitic and intersertal.

135137 em: Slightly altered aphyric basalt from sill interior.

Pt ysts: Trace i and clinopy .

Groundmass: Plagiociase (An54-78) 55%, 0.04 x 0.5 mm, microlites, elongated zoned prisms;
clinopyroxene 20%, 0.3 mm, equidi i ite 8%, 0.04 mm, interg lar, dust-like;
glass 17%, interstitial.

Alteration: Clays (17%) replacing intergranular glass

Texture: Intersartal to microdoleritic.

intergrowth.

Shipboard Geochemistry (XRF, %): Paleomagnetism/Physical Properties:

Interval 111115 em Interval 119em 129em 144 cm
Si02 49.85 NRM Intensity

Ti02 2,08 1103 emu/ec) 1.0 08 16
Alz03 16.78 NRM Incl. (%) -41.5 =380 -56.1
FeO 126 MODF {Oe.} 350 - 450
MnO - Stable Incl, (*) -226 - —44.0
MgO 747 Vp i (km/s) - = =
Ca0 7.60 D {glec) s . =
Nag0 - P %) = - =
K20 0.44

P20g -

Total -

Lot wm

FeQ + MgO 150

Ca0 + Alz03 0.45

FeD + TiDg 540

of

Piece Number
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VISUAL CORE DESCRIPTION

FOR IGNEQUS ROCKS LEG | SITE CORE

mroOxT

SECT.

6[1]a[s]2

>

[2]2] [a

Depth: 581.0 to 5925 m
MAJOR ROCK TYPE—MASSIVE BASALT SILL (DOLERITE)

Macroscopic Description:
Massive, slightly altered dolerite sill with veins of calcite, celadonite, clay, and celadonite
plus clay. Grain size becomes gradually coarser from the top of the section 1o ~70 em
and then decreases toward the bottom of the section.

Piece 1A = medium to fine grain-size
Picce 1F = slightly coarse grain-size

aphanitic
Piece 1E = medium to fine grain-size

Mineral assemblages, altaration and color are the same as mantioned in Core 22, Section 1.

Thin Section Description:

61-68 em: Aphyric basalt from sill interior.

Phenocrysts: Trace of plagioclase and clinopyroxens,

Groundmass: Plagioclase |And0-77), 0.08-0.6 mm, microlites, elongated prisms, ronated,
clinopyroxene 40%, 0.3 mm, equidimensional; magnetite B%, 0.08 mm, intergranular;
glass 20%, interstitial completely altered.

Alteration: Dark brown clays (20%) replace interstitial glass.

Texture: Intersertal to microdaolerite.

Shipboard Geochemistry (XRE, %): Pal [Physical P i
Intarval 12-14 cm Interval 810cm B0cm 134 cm
5i02 48,00 NRM Intensity

Ti0g 215 1103 emulee) = 16 19
Alz03 17.34 NRM Incl. (") -650.8 —49.1
FeQ 11.65 MDF {Qe.) — 40.0 -
MnQ - Stable Incl. ("} - —46.2

MgO 6.88 Vp i ikmis) 517 - =
Ca0 765 D lgfec) 29 - -
Naz0 - P (%) 26 = o
K20 0.39

P205 -

Total -

Lol 0.51

FeO : MgQ 1,60

Ca0 : Al903 0.44

FeO + TiOg 5.41

9% 4118
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Depth: 582.510 534.0m X V Depth: 594.0 10 535.3 m
117 ]
142 / MAJOR ROCK TYPE—MASSIVE BASALT SILL (DOLERITE) / MAJOR ROCK TYPE——MASSIVE BASALT SILL (DOLERITE)
E' 4 / ic intlon: " 4 Macroscopic Description:
T11° Moderately altered massiva basalt sill (dolerite) with veins of clay, celadenite, and 7 1/ Alterad massive doterits s with weins of clay, celadonite, and caladonite plus clay.
— caladonite plus clay, From 0.0-~90.0 em medium to fine grain-size (aphanitic), | Mineral i!w!.llbl.ns, altn.rall.nn and eolor s rrwn[.«.?lwd in Core 22, Section 1. _FIBITI
/ From ~90.0-124.0 cm slightly coarse grain-size (aphanitic); and 125.0-150.0 em is a transitional 0.0-25.0 em is .le_i grain-size I.aphvnc to aphanitic); from 26.0-124.0 cm is fine
g g zone [slightly aphyric). Mineral assemblages are the same as mentioned in Core 22, Section 1. i / to medium grain-size (aphaniticl,
M 1 Thin Section Description: Thin Section Description:
- T 5 — M 81-85 cm: Microdolerite from sill interior.
81-84 em: Microdolerite from sill [nterior.
118 Phenocrysts: Trace plagioclase end clinopyroxens. 18 + / Fhmloclysta:l Trace of plagioclase, ~2.0 mm. ) -
# / Groundmass: Plagioclase (An52-71) 28%, 0.08 mm x 0.9 mm, microlites, elongated prisms; Groundmass: Plagioclase (An52-67) 32%, u:ues: 0.4 mm, microl|tes, elongated prisms;
- M clinopyroxene 48%, 0.4 mm, equidimensional; magnetite 8%, 0.12 mm, interstitial; glass = ok 60%, 0.1 mm, : ; mag 8%, 0.1 mm, , irregular.
5. 16%, altered to clay. kﬂe / Aleration: I'Dar'k brown clays |12%) replacing pyroxens.
- [ / Alteration: Dark brown clay (16%) replacing interstitial glass. a o Texture: Microdolerite,
; ? o
- Texwre: Microdolerite 1o intersertal, & y " .
50— 50— R / Shipboard Geochemistry (XRF, %):  Paleomagnetism/Physical Properties:
i) / Shipboard Geochemistry [XRF, %): Paleomagnetism/Physical Properties: Interval A-6em 7779 cm Interval 33em E961em 118em
B & Interval 83-85 cm Interval 3 em 39 em ok S50z 48,15 50.15 NAM Intensity 1}0'3 emufec) 2.5 - 0.8
¥ 5102 50.28 NRM tntensity (103 emu/ec) 22 1.3 1| /] Ti02 1.9 166 NAM Ind. ) 525 - -85
= Ti02 167 NRM lnet. {*) —440 -68.2 - MV DP Alz03 13.76 1391 MOF (Oe.] ? - -
Alg03 13658 MDF (Qe.] as0 - FeD 13.49 1243 Stable Incl. (") —42.4 - -
11d FeD, 12.69 Stable Incl, [*) 435 - b /] Mn0 - - Vp o (kmfs) = 5883 -
+ MnC - Vi i (km/s) - = ( 'q MeO 7.23 6.32 D lgfec) - 297 -
1 MgO 642 D (gfect - - ] eof Cal 1"nn 1141 P %) - 1.2 -
/1 cad 11.38 P (%) - - o] + 4 Naz0 - -
T Nag0 - K20 023 0.12
K20 012 P205 - :
5 4 205 - o - * % Total = =
xT Total - J T Lol 1.03 129
/ Lot 0.67 FeO = MgO 1.86 1.96
Fel = MgD 1.97 1€l ( Ca0 - A_lgoa 0.82 082
CaD = Alg03 0.83 FeD « TiOg 7.08 748
FeO + TiD2 71.59 J
i = Y
\/ 100
1F
i 1 ¥
1 /]
: i * i - ‘dB *
J “ = —
= L/ -1 |voin
¥ i
vaolD E
160 — 150 L

9% d.LIS
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~[-18 . 0.0160.17 m: Dark gray (N3} VOLCANIC SILTSTONE ta
3 CLAYSTONE, lower haked contsct with basali
- 0,17 to 2.25 m: The basalt it describad in detail in the “Visusl Core
0-5: Description of Igneous Rock™.
q 3 22510 2.37 m: Maectivm dark [N4] 1o dark gray (N3}
- VOLCANICLASTIC SILTSTONE to CLAYSTONE: local horizontal
o] lasrsinations.
- 2.37 m and belaw (s haalt
1 BASALT
E SMEAR SLIDE (%)
- = Voleaniclastic
- sandstons
7 TEXTURE AND 277
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- Sand tire ]
2 7 10
= { -
10
= 20
- Heavy minerals 1
] Clay 10
BASALT Volcanic glass attered) &0
Zeclite 0
a 3
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6|1]4[6]2[a] [2]3] |1

Depth: 587.0 to 698.6 m
MAJOR ROCK TYPE—MASSIVE BASALT SILL (DOLERITE)

Macroscopic Description:

Moderately altered massive dolerite sill with veins of celadonite and celadonite

plus clay. From 0.0-20.0 cm is sedi which is di d in the “Sedi v

Core Barrel Description”,

From 22.0-23.0 cm:  Baked sediment (sharp) contact; very dark red (BR 2/6]).

From 21.0-23.0 em (Piece 1A): Basalt is aphyric, hyalopilitic.

From 23.0-30.0 em (Piece 1A): Basalt is slightly phyric; transitional.

From 30.0-60.0 cm (Piece 1A): Basalt is fine grain-size; aphanitic.

From 60.0-150.0 cm (Picces 1B-1H): Basalt is fine to medium In grain-size; aphanitic to
slightly porphyritic.

Aphyric basalt has mi ysts of mainly elinopy
The ratio of Py lagioclase of mi

the sill.

Aphanitic to slightly porphyritic basalt is made of ysts of P and
plagioclase, and microlites of clinopyroxene, plagioclase, and magnetite.

Aphyric 1o hyalopilitic basalt is medium dark gray (N4) and aphanitic 1o slightly porpyritic
basalt is medium bluish gray (58 6/1).

WVeins are filled with calcite, chlorite, pyrite and clay (smectite or paragonite).

Thin Section Description:

18-21 em: Moderately altered basalt sill at contact with sediment.

Phenocrysts: Plagioclase (AnBD-65) 1%, 0.3-0.5 mm; clinopyroxene 5%, pseudomorphs,
replaced 1o calcite, subhedral to suhedral,

Gr Pi B-6%, and Py 5-6%, < 0.1 mm, altered to clay and
chiarite; magnatite 8%, 0.01 mm; giass 75%, altered.

Alteration: Carbonate [15%) in veins and replacing clinopyroxene phenocrysts. Clays and
chlorite (46%) and quartz {1%) in mesostasis replacing glass.

Texture: Aphyric ta hyslopilitic.

and partly p
ysts decreases toward the interior of

Shipboard Geochemistry (XRF, %):

Interval 26-28 em

Si0g 50.26

TiO2 185

Al03 14.90

FeO 1280

Mgo 6.58

Cad 962

K20 0.12

Lol 117

FeO = MgO 1.94

Ca0 + Alz03 0.66

FeD + TiOp 6.91

F hysical F

Interval 22em 4Zem Tem Sem 143146 em
NAM Intensity l'I{l'3 emufes) 0.7 1.2 0.9 1.0 -
NAM incl. (*) -60.6 -562 -64.7 -598 -
MOF (Oe.) 45.0 30.0 30.0 A -
Stable Incl. (") -BB.T -4157 —61.0 -4627 -
Ve o lkmfs) t - - = 521
D (gfect - - = - 284
P (%) - - - - 18

and glass,

Piece Numbar

T
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Depth: 688.5 to 600.0 m

SECT.

MAJOR ROCK TYPE——MASSIVE BASALT SILL [DOLERITE)

Macroscopic Deseription:

Moderately altered massive dolerite sill with weins of celadonite and celadonite

plus clay. Colors and mineral assemblages are as mentioned in Core 23, Section 1.

From 0.0-50.0 cm (Pieces 1A-1B): Basalt has & fine to medium grain-size and is porphyritic.

From 50.0-70.0 cm (Pieces 18-1C): Basalt has a finer grain-size and is transitional from parphyritic
1o aphyric.

From 70.0-74.0 cm (Piece 1C): Basalt is slightly aphyric to aphyric.

From 74.0-96.0 cm (Piece 2A): Baselt is aphyric to aphyric,

From 96.0-150.0 cm (Pieces 2A-2D): Grain-size gradually coarsens toward the bottom of this
section, Grain-size is fine to medium.

Thin Section Description:

69-71 em: Moderately altered basalt next to glassy sill,

Phenocrysts: Plagioclase (AnB5) 0.1%, 1.8 mm, subhedral; clinopyroxene 1-2%, 0.4-0.8 mm,
subhedral to euhedral.

Groundmass: Plagioclase 40%, <0.4 mm, subhedral to euhedral ite; clinopy 38%,
<0.1 mm, subhedral, microlite; magnetite 5%, <0.05 mm, angular; glass 15%, mesostasls,

Alteration: Clays (40%) repl icrolites of plagiociase and clinopy . and glass.

Texture: Intersertal to hyalopilitic.

95.98 cm: Basalt next to glassy margin of sill.

Phenocrysts: Plagioclase (AnB5) 1%, 0.3-0.4 mm, subbedral; clinopyroxense 3%, 0.3-0.4 mm,
euhedral to subhedral, subophitic in some areas.

Groundmass: Plagioclase 30%, <0.2 mm, . partly microlite; clinopy 5%,
<0.1 mm, subhedral, partly microlite; glass 15%, mostly altered.

Alteration: Clays {35-40%) ing g of dinopy and glass.

Texture: Hyalopilitic.

Shipboard Geochemistry [XRF, %): Paleomagnetism/Physical Properties:

Interval 4447 6971 9598 Interval 2 130
cm em cm cm em

Si0g 49.03 4941 4965 NAM Intensity (103 emulee) 22 0.6

Tiog 1.70 159 183 NRMinc (*) —B6.1 -57.0

Alz03 1376 1686 1537 MDF (De) B0 500

FeO 1238 1159 1264  Stable Inch (") -51.8 ?

MnO - - Vp o [kmis) - -

MgO 702 724 653 D iglec) -

Cal 11.20 754 1024 P(% b

Nag0 - - -

Kz0 0.06 0.35 o012

P20s5 - - =

Total - - -

Lot 058 230 1.48

FeO + MgD 1.76 1.80 1.88
CaD + Alg03 081 044  0.66
FeD + TiO2 728 7.28 6.90

9% 41IS
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882::1% 6l 1]alsl2 [a] [2]3] |a g8s5z 2% o 1]a[6]2[a] [2[z] Ja
] Dopth: 600.0-601.5 m D Depth: 6015 10 602.5m
/ MAJOR ROCK TYPE——MASSIVE BASALT SILL (DOLERITE) :]='| MAJOR ROCK TYPE——-MASSIVE BASALT SILL (DOLERITE)
V Macroscopic Description: Macroscopic Description:
/ Moderately altered massive basalt {dolerite] sill with veins of celadonite and Maderately altered massive basalt sill with veins of celadonite and celadonite
celadenite plus clay. Color and mineral assemblages are as mentioned - plus clay. Color and mineral assemblages are as mentioned for Core 23, Section 1,
/ in Core 23, Section 1. Piece 7 at 88.0-104.0 cm is badly aitered to clay and (clinopyroxenel/ 3A
(plagiociase-microphenocrysts) <1. 1 From 0.0-43.0 cm (Piecss 1-~3C): Basalt his & fine to medium grain-size and is porphyritic
From 0.0-150.0 cm all pieces) the basalt has a fine to medium grain-size and is porphyritic, The ratio of {cli 1 phagi micr Jis<1.
/ Thin Section Description: - <] From 43.0-82.0 cm (Pieces 1D-4): Basalt has a rnedium'tu coarse grain-size and is porphyric
| 7677 cm: Subophitic dolerite from sill interior. 38 with clinopyroxene phenocrysts. The ratio of (clinopy Viplagioctase, microp ysts)
Microphenocrysts: Plagioclase (AnB5) 4-5%, 0.4-0.5 mm, subhedral 1o linopy 5 is>1.
/ 3-4%, 0.4-0.8 mm, subhedral to euhedral. _lae M x - o e
Groundmass: Plagioclase 7%, <0.3 mm, ! lite; elinopy 7%, <0.3 mm, Shipboard Geochemistry (XRF, %): F hysical F
j subhedral microlite: magnetite 7%, <0.1 mm, angular; aualn.e 7%, acicular in clinopyroxene i Interval 48-50 cm Intarval 38em B5em 70-72cm
and plagioclase, Si0g 4841 NRM Intensity {1 03 emulce) 0.6 05
L/ Alteration: Clays, smectite, chlorite, atc. (35%) often replacing microphenoerysts or microlites 50— X :'gé 173 :g‘; {ISCLI ) gg —:;; -
of clinopyroxene and plagioclase. 1203 14.4 8. . 1 -
Texture: s:hopniﬁc = M FeD 12.22 Stable Incl, ") -59.0 -61.2 =
/1 i 130 * MnO = Vp 1 (kmis) = A 5.080
Shipboard Geochemistry (XAF, %): Palsomagnetism/Physical Properties: - MgO 6.78 D {g/eel - - 2.83
( Interval 7577 em Interval 810 em 63w Ca0 124 P %) - - 4.3
/ Si0g 49.75 NRM Intensity 1103 emufee) 05 - - Nag0 -
Tiog 217 NAM Incl. [} -738 - :20 0.08
= - -
/ Ai203 1712 MDF {Oe.) 40.0 V.OP Tz?? =
FeO 1mn Stable Incl, {7) —46.9 = i
MnQ ~ Vip 1 (kmis) - 5167 hES Lol 112
4 Mg 853 D (glec) - 2, | - 290 + M0 1.80
% Ca0 718 P (%) - 28 40 = Al03 078
Naz0 - ' FeO + TiO2 7.06
A K20 0.30 4
P205 - ]
Total -
/ Lol 051 -
FeO = MgO 1.30
1 Ce0 + Ai203 0.41 1w— =
/ FeO + TiD2 511
1 |voio
/ -1
-
/ -
- 150 = -

9% LIS
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Depth: 606.0 to 607.5m

mrox

MAJOR ROCK TYPE—MASSIVE BASALT SILL (DOLERITE}

Macroscopic Description:

Massive aphyric microdolerites with veins of celadonite plus pyrite and celadonite

plus quartz. Thin veins {0.5-2.0 mm) consist of celadonite and pyrite, but quartz
woccurs in the thicker veins,

From 0.0-150.0 cm the microdolerites have a fine to medium grain-size and probably
represent the same unit as in Core 23, Section 4. Pyroxene is partly altered 1o chlorite
Intervals from 25.0-32.0 cm and from 80.0-107.0 em have a finer grain-size.

Thin Section Description:

810 em: Subophitic delerite from sill interior,

Microphenocrysts: Plagioclase (AnB0) 6-6%, 0.4-0.8 mm, subhedral; clinopyroxene 3-4%,
0.3-0.4 mm, subhedral to cuhedral.

Groundmass: Plagioclase 40%, <0.3 mm, © ite; clinopy
45%, <0.2 mm, subhedral; magnetite 3-5%, <0.1 mm, angulsr; trace of quartz and alkali
feldspar.

Alteratlon: Clays (36%) often replace mi ysts and
clinopyroxene.

Texture: Subophitic.

27-31 em: Subophitic dolerite from interior of sill.

Microphenocrysts: Plagioclase {AnB5) 6-8%, 0.4-1,5 mm, subhedral to eubedral; clinopyroxens
6-8%, 0.3-0.4 mm, subhedral to euhedral, often gl phyritic.

Plagioclase 38%, <0.3 mm, to microlites; clinopy ark,
<0.3 mm, subhedral, microlites; magnetite 10%, <0.1 mm, angular; glass 7%, fresh; trace
quartz and alkali feldspar,

Alteration: Clays (20-30%) replacing microlites of cli and plagiocl

of and

Shipboard Geochemistry (XRF, %):

Paleomagnetism/Physical Properties:

Interval 8-10 cm 27-31 cm Interval 16-1Bem 87 em
502 4818 49.36 NRM Intensity (103 emufee)  — 08
Tiog 1.73 1.73 NRM Incl. {*) - -B6.2
Alg0g 1402 14.02 MOF (Qe.] - 250
Fe0 12.81 12.39 Stable Incl. {*} r 53.67
MnO - - Vp o (kmis) 5.186 -
Mg 6.83 6.78 D {gfec) 2.85

Cal 10.78 11.36 P (%) 4.0

MNaz0 -

K20 0.09 0.10

P20s - -

Total - —

Lol 1.33 0.81

Fe + MgQ 1.87 182

Ca0 + Al203 076 0.81

Fel + TiOz 7.40 716
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE CORE

SECT.

6| 1]a|s[2]a] |2]s

Depth: 607.5 to 609.0 m
MAJOR ROCK TYPE——MASSIVE BASALT SILL (DOLERITE)
Macroscople Description:
Massive medium grain-sized microdolerites with veins of celadonite plus pyrite and
celadonite plus quartz. This dolerite is of the same unit as in Section 1 of

Core 24.

Paleomagnetism/Physical Properties:

Interval 811em 96cm
NAM Intensity (10°3 emu/eel - 1.2
NRM Incl. "} - ~62.6
MDF (Oe.} - 3.0
Stable Incl. [} - -52.7
Vp 1 (kmis) 5501 »
D (gfee) 2.89 -
P %) 18 -

9% 41IS
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Depth: 609.0 to B10.5m
MAJOR ROCK TYPE——MASSIVE BASALT SILL (DOLERITE)
Macroscopic Description:

Massive fine to medium grain-sized with veins af ite plus
pyrite and celadonite plus quartz. Dolerite in intervals from 0.0-30.0 cm, and

from 110.0-150.0 em have a finer grain-size. This dolerite is the same unit as in Core 24,

Section 2.

Pal ism/Physical Properti

Interval 18-21cm 47vem 118cm
NRM Intersity (103 emu/fee)  — 04 32
NAM Incl. [*) - -68.6 —57.7
MDF {Qe.) - 16.0 450
Stable incl, %) - -51.3 61.3
Vp i (km/s} 5372 - —

D (gfec) 288 = =

P (%] 28 - -

£

Piece Number
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Depth: 610.5to 615.0m
MAJOR ROCK TYPE——MASSIVE BASALT SILL (DOLERITE)
Macroscopic Description:

Massive fine to medium grain-sized microdolerites with veins of celadonite plus
pyrite and celadonite plus quartz. Dolerite from 45.0-65.0 cm has a fine grain-size.

Microdaolerites of Core 24 belong to a single sill and grai ions are Coarser
pyroxens spots occur within medium grain-sized imtarvals,

Thin Section Description:

51-64 cm: Subophitic dolerite from sill interior.

Microphenocrysts: Plagioclase {AnB0-65] 3%, subt to evhedral; clinopy 5-6%. 0.4 mm,

subhedral to euhedral, often occurs In aggregates,

Groundmass: Plagioclase 40%, <0.3 mm, subhedral to euhedral, microlite; clinopyroxens 40%,
<0,2 mm, subhedral, microlite; magnetite 10%, <0.1 mm, sngular,

Alteration: Clays {20%) replace ites of plagi and By

Tenture: Subophitic.

Shipboard Geochemistry (XRF, %)

Interval 51-54 cm
509 50,38
Tioz 1.64
Al203 14,84
FeQ 13.26
MnO -

Mg 653
Cal 11.36
Nag0 -

K20 0.12
Pals -

Total -

Lol o8
Fed = MgO 2.02
Cal = Al03 0.76
FeQ + Tidg 807

9% LIS
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Depth: 615.0 to ~616.0 m Depth: E16.0 to 626.0 m
(Bit Core)
- MAJOR ROCK TYPE—MASSIVE BASALT SILL (DOLERITE) MAJOR ROCK TYPE- —MASSIVE BASALT SILL (DOLERITE)
G Macroscopic Description: Macroscopic Description:
¥ rri:::):"dsﬁp cm 50"!""!{“ :;:’::»h"*l‘l’i“'“ W""""“:;"""""_Phe"“‘:'::“ of plagioclase Massive dolerite sill, Most pieces have a relatively coarse grain-size doleritic rock with a few
= i WL ild % A 1< 1%) clinopyroxene phenocrysts {~1 mm in sizel. Between 20.0-30.0 cm is a piece with the
Q <0.77 mm in size, and the color index is higher than before, and appears 10 be created by coarsest grain-size. Vein material and alteration are not visible to the unaided eye.
aleration. o None aof the pieces are oriented and their relative stratigraphic position is not known either.
G From 50.0-73.0 cm are dolerite fragments, some of which have a fine grain-size, suggesting e
a sill boundary within these section intervals. Thén Sdrtion Pmm_" . »
From 73.0-130.0 cm the dolerite is medium grain-sized, with ~ 1% clinopyroxene phenocrysts. E}B em: Altered dolerite frcllm interior of sill.
Maost of these phenocrysts are < 0.5 mm in size, but some are ~ 1.0 mm in size. This dolerite F ¥ Trace of plag Py {augite) < 1%, <0.5 mm.
is more leucocratic than the previous unit. Groundmass: Plagioclase (An5b z.oncd 10 An25) 30%, 0.1-0.3 mm; clinopyroxene (augite)
xT ! 38%, <0.26 mm; magnetite (Ti} 5%, 0.1-0.3 mm, subhedral; glass 7%, 1otally replaced,
Thin Section Description: itial patches; amphibole 5%, mmule neadles l!DIaclng clinopyroxenes.
3942 cm: Altered dolerite next to glassy margin of sill. Clays {15%] replacing glass, L and p
O Microphenocrysts: Plagioclase (An60] 3%, 0.4-0.7 mm, subhedral; clinopyroxene 3%, 0.2-0.5 mm, Texture: Microdolerie. T
subhedral, some form aggregates. 40-43 cm: Altered disbase from sill interior.
Groundmass: Plagioclase 50%, <0.2 mm, subhedral to cuhedral, mi i ““ﬂ"'_' L Phenocrysts: Trace clinopyroxene (augite), <0.5 mm,
D o 35%, <0.2 mm, Wb‘_".;d“*‘ magnetite {Ti) 3- 5% <0.08 mm, 5”9".‘_9'- glass 5%, alwred to clays: Groundmass: Plagioclase {An60 zoned 1o An30, rare An70) 20%, 0.1-0.3 mm; clinopyroxens
] 0 trace quartz, i 9'295 Paldl!! I‘B‘S. 1] Py {augita) 35%, <0.2 mm; magnetite (Ti) 10%, <0.20 mm; glass 10%, totally replaced glass
00 N:l:"clﬂ :;]W‘ “‘r‘“’ of and clinopyroxene, and clay and patches; trace quartz, alkali feldspar, amphibolel(?); and apatite.
orite replace glass. Alteration: Brown clays {25%) repl. 255, pl fase, and clinopy
0 0 Texture: Intersertal, 1o intergranular, subophitic. E Texture: Microdoleritic. ¢ N
090 99-102 em: Altered dolerite next to glassy margin of sill.
00 Microphenocrysts: Plagioclase (An70) 1%, 0.6-0.6 mm, fral, partly hitic; clinopy " Shipboard Geochemistry (XRF, %):  Paleomagnetism/Physical Properties:
- 3%, 0.50:6 mm, subhedral, partly subophitic. i - 4 " Interval 2326 cm 4043 em Interval 37 om
Groundmass: Plagioclase (An62) 45%, <0.4 mm, to partly §i02 49.81 49,85 NAM Intensity (10°3 amu/cc) 1.2
clinopyroxens {augite) 48%, <0.3 mm, subhedral; magnetite 2%, < 0.05 mm, angular; glass 7%, Tioz 1.66 1.64 NRM Incl. *] 711
v.op aitered, interstitial putches. g Ala03 13.37 13.34 MDF (Oe.) 25.0
Alteration: Clays [25%) replacing clinopy in spots t the rock. = FeQ 12.48 12.91 Stable Inel. {*) -43.07
Texture: Intersertal to intergranular, to microdoleritic. i MnO - - Vo (kmis) B
- _ M 675 647 D fgfech -
Shipboard Geochemistry (XRF, %}: Paleomagnetism/Physical Properties: n:g 1" 11.08 P 1‘;36!“: -
Intorval 3042¢m 99102cm  Interval 8386em 128em 4 Nag0 - -
XT 5i0g 5061 48,40 NAM Intensity 103 emufce)  — 14 T K20 0.08 0.08
TiO2 2.00 163 NAM Incl. (*) - 560 100— 7205 -
- Alz03 1616 1355  MDF (De) - 50.0 Total _ =
(@] O Fel 10.48 13.38 Stable Incl. ("} — 49.3 — Lol 0.79 1.02
MnO 3 = Voo (kmis) 5517 - [ FeO : MO 184 193
o © Mg 6.64 6.75 D {g/ec) 23 - - Cs0 + Alg03 0.83 083
® Cal B.14 11.56 P (%) 3z = FelO + TiOg 151 787
0 © Naz0 : d
= K20 0.20 0.60 (]
oy P205 o & — *
Total - =
Lol 2.16 059 i
J M FeQ + MgO 157 198 - =
Cal = Al203 0.56 0.85
Fe0:TiDp 524 8.20 . 90
voID 00
= [
o]
] o
%9
e - 150 = -
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6 1]ale]2]a] |8]1] |2 o & 52
0 —
{Core-Catcher sample of Bit Core) 2.0
MAJOR ROCK TYPEMASSIVE BASALT SILL (DOLERITE) _
Macroscopic Description: -
Massive dolerite sill with 1% clinopyroxene phenocrysts (~ 1.0 mm), and veins of
celadonite. =l
1
-1 2
3
4 4
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CORE |SECT.

Depth: 626.0 to 627.3 m

MAJOR ROCK TYPE——MASSIVE BASALT SILL (DOLERITE)

Macroscopic Description:

Massive dolerite sill with veins. In the 20.0-48.0 cm interval, dolerite (1} has a finer grain-size,

{2} is more meloncratic (higher color index) than below 48.0 cm, (3) has a few phenocrysts

(< 1%, <0.5 mm) of plagiociase plus clinopyroxene, and (4] has a few clay veins,

In the 48.0-130.0 cm interval, dolerite has (1) a vein of calcite, green clay, pyrite, and celadonite

at 52.0 am, {2} a few percent of clinopyroxene phenocrysts (< 0.5 mm) with rare plagioclase

phenoerysts, and (3} many amoeboid clay patches {~ 1-2 mm),

From 48,0-~86.0 cm, the grain-size is coarser than above 48.0 cm, and grain-size below 85.0

em decreases downward.

Thin Section Description:

31-33 cm: Alwered dolerite with granophyric patches from the interior of the sill,

Phenoerysts: Trace elinopyroxene [augite), <0.5 mm.

Groundmass: Plagiociase {An58 zoned to An27) 25%, 0.1-0.3 mm; clinopyroxens {augitel 15%,
<Cl 2 mm; rnagne ite {Til 10%, <0.2 mm, subhedral; quartz and alkali feldspar 2-3%,

b hs and quartz erystals; amphibele (actinolite? plus
lw'nhlund:l IE% n:mm and patches.

Alteration: Green clays (20%) and chiorite {15%} are replacing plagioclase.

Texwre: Diabasic.

§7-100 cm:  Altered coarse grained, with granophyres, dalerite from the interior of the sill,

Phenocrysts: Clinopyroxene (augite) < 1%, 0.6-0.7 mm, subhadral.

Groundmass: Plagiociase (AnB7 with rims of Anl5) 23%. 0.2.0.5 mm; clinopyroxens (augite)
35%, 0.40.5 mm; maunenm (Ti} 7%, <0.2 mm, euhedral and iubhedlal quartz and alkali
feldspar 2-3%, ¢ hyric: amphibole (actinolite? plus ]

Alteration: Amplnhom. chlorite, and brown clay (total 35%) in patches and distributed
through rock, Amphibole is rimmed with chiorite.

Texture: Diabasic

Shipboard Geochemistry (XRF, %): Paleomagnetism/Physical Propertias:
Interval 31-33cm  87-100cm  Interval 1 em
5i0g 4821 49,43 NAM Intensity (103 emu/ee) 1.3
Tiog 1.72 1.52 NAM Incl, (*} -61.9
Alz03 14.35 13.39 MOF (De.) 40.0
FeQ 12.60 1277 Stable Incl, 1"} -50.2
MnQ - = Vp i (kmis)

MgO 6.57 6.70 D [gfec) =
Ca0 10.75 11.14 P %) =
Naz0 - -

K20 012 o1

P205 = =

Total - -

LOI 260 1.16

Fe = MgD 191 1.890

Cal « Al203 0.75 0.83

FeQ + Ti0z 732 8.40

9% 411S
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

mrox

LEG SITE

a6z |a

CORE |[SECT.
[2]7] |2

Depth: 527.3 o 628.7 m

6] 1

MAJOR ROCK TYPE——MASSIVE BASALT SILL (DOLERITE)

Macroscopic Description:

Massive altered dolerite sill with clay and celadonite and clay veins. From 0.0-100.0 cm,
grain-size decreases downward. From 100.0-130.0 cm s a zone of finer grain-size, and
below 130.0 em grain-size increases downward.

Thin Section Description:

T7-80 em: Altered granophyre dolerite from the sill interior.

Groundmass: Plagioclase (AnT0 zoned to AndQ) 26%, 0.2-0.9 mm; clinopyroxenc laugite)
33%, 0,2-0.8 mm; magnetite (Ti) 12%, <0.2 mm; alkali feldspar 1-2%, granophyric patches;
trace amphibole,

Alteration: Brown clays and amphibole {total 30%) in patches raplacing plagioclase and
clinopyroxens.

Texture: Diabase, coarse grained.

126-128 em: Altered granophyric dolerite from the sill interior.

Groundmass: Plagioclase {AnB0-AN30} 30%, 0.1-0.6 mm, dral to euhedral; clinopy

laugite) 37%, 0.2:0.5 mm, pale brown; magnetite (Ti) 10%, <0.3 mm, suhedral to anhedral;
quartz and alkall feldspar 3%, granophyric aggregates; (raou apatite.

Alteration: Brown clays and hibole (total 20%) and clinopy

Texture: Diabasic.

Shipboard Geochemistry (XRF, %): Pal ism/Physical Pr i

Interval T880cm 125129 cm  Interval 1wz 714 12
cm cm cm

si02 4966 4861  NAM Intensity (103 emu/ee) — i 12

Tiog 1.62 1.62 MNRM Incl. (%) - -~ ~56.3

Ala03 13.26 13.25 MDF [Du.] - 55.0

Fel 1303 13.23 Stanle Incl, |*) -47.0

MnO - - Vi (km/s) 5918 6.797 -

Mgl 6.01 6.17 D {gfec) 3.00 299 -

Cal 11.24 1M.13 P (%) 1.1 1.4

Naz0 -

K20 0.12 0.16

P205 - -

Total - -

Lot 051 0.36

FeO + MgO 28 214

Ca0 + Al203 085 0.84

FeO + TiOg 804 816
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Depth: 628.7 to 630.2 m

61

MAJOR ROCK TYPE——MASSIVE BASALT [DOLERITE)

Macroscopic Description:

Massive, very sparsely plagioclase and clinopyroxene phyric, slightly altered dolerite.

Inerexsing grain-size and more melanocratic downward,

Thin Section Description:

71-74 em: Microdolerite from sill interior.

Phonoctysts Plsguoclan (An52-70) trace, 1.0 mm, elongated prisms and tables; slightly

oy ~1%, equidi slightly

Groundmass: Plagioclase (An62) 20%, 0.1-0.6 mm, microlites; clinopyroxene 61%, 0.02-0.3 mm,
muummommnal magnoll:n 8%, Cl 2 mm. intergranular; trace of quartz and alkall feldspar,
0.1-0.4 mm: g : trace of apatite, thin needles in quariz

Alteration: Pale grayish green clays IZD%]

Textura: Microdoleritic to doleritic.

133136 em: Microdolerite from sill interior.

Mi i ysts: Trace of 1.6 mm, 1ables, coarse 2oned grains; trace elinopyroxene,
1.6 mm, equidimensional.

Groundmass: Plagioclase (An62) 30.45%, 0.4 mm, microlites; clinopyroxens 43-58%, 0.02.0.3
mm, equidimensional; magnetite 12%, 0.2 mm, intergranular; trace of quartz, 0.1-0.3 mm and
trace of alkali faldspar, 0.1 mm, intergranular isolated grains and granophyric aggregates;
trace of apatite, <0.02 mm, needles in quartz,

Alwration: Pale grayish green clays {20%) is intergranular and replaces plagioclase.

Texture: Microdolerite and dolerite.

Shipboard Geochemistry (XRF, %): Paleomagnetism/Physical Properties:

Interval 71-74 em Interval 38cm
509 4831 NAM Intensity (103 emufec) 0.7
Tiogz 1.60 NRM Incl, %) -62.7
Al203 1303 MDF (Qe.| 60.0
FeQ 13.00 Suable Inct. {*) -50.07
MnO - Vp o (km/s) -
MgO 6.55 D tafec) -
Cal 1088 P %) =
NagQ -

K20 0.08

P20g =

Tomal -

[Kel 0.67

FeO | MgO 198

Cal + Alz03 0.83

FeO : TiO2 812

97 4.LIS
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534 o[1]sfe[2a] [2[s] [ m £ 5355 54 o[1]afe2]a] [2]s] T2
0=
7 Depth: 630.0 10 631.4 m 7 Depth: 6314 to 6328 m
/ MAJOR ROCK TYPE——MASSIVE BASALT SILL (DOLERITE) / MAJOR ROCK TYPE- —MASSIVE BASALT SILL (DOLERITE)
/ Macroscopic Description: / Mi_mroumic Description:
Slightly altered massive medium bluish gray 5B 6/1) dolerite sill with veins, which are filled ¥ Slightly altered massive dolarite sill with veins. Veins are filled with calcite, celadonite,
mth calcite, celadonite, pyrite, and dw or M ysts are pyrite, and clay.
/ and clinopy and mi are plagi clinopyroxene, and magnetite. From 0.0-72.0 em, ?S.O—I'IZN.O em, and 138.0-142.0 em, dolerite hlas a medium 1o stightly
/ The ratio of “clinopyroxene to plagioclase microphenocrysts’” is about 1, Microcysts of / :DBM ;.--3 u' andzi; ;ﬁ E- yritic {as ps i gy in Core 28, Section 1),
clinopyroxene are partly altered to clays. rom 0.0 em, 7. em, and 1 138.0 cm, dolerite has a coarse grain-size and
r/ Pieces 1A, 2, 3, 4 {70-B5 cm), 5A, 5B, and BA are aphanite to parphyritic and the grain-size is fine / spherulitic plagioclase aggregate (2-3 m = ). The upper boundaries of these zones are sharp
to medium, but lower are gradual {granophy
Pieces 18, 1C, 4 (85-100 cm], and 68 are porphyritic and grain-size is medium to slightly coarse. ‘A Thin Section Description:
Thin Section Description: Dolerite from sill interior (7). 28-30 em: Microdalerite from sill intarior,
/ Groundmass: Plagioclase (And3-63) 35-45%, 0.2-0.6 mm, microlites; clinopyroxene 43-53%, / Groundmass: Plagioclase (AnB0-BD) 45%, microlites, prisms: clinopyroxene 33%, 0.08-0.4 mm,
equidimensional; magnetite 10%, 0.6 mm, intergranular quartz and alkali feldspar 2%, equidimensional; magnetite 7%, 0.04-0.4 mm, inlergl.anul'ar; glass 15%, 0.7 mm, interstitial
/ 0.4.0.8 mm, granophyre intergrowths; trace of apatite, thin nesdles in quartz. / variclitic aggregates; trace quartz, ~0.1 mm, interstitial.
Alteration: Dark brown clays (12%) replacing pyroxene. :Itcral.imé Clays (20%) replacing interstitial glass.
Texture: Doleritic to microdoleritic. exture: Spotted microdoleritic to dole
/ - / 73.75 em: Variolitic dolerite from sill interior.
Shipboard Geochemistry (XRF, %): Pal trysical Pr Groundmass: Plagioclase {Anb2-62) 38%, 0.06-4.0 mm, clnngateu peisms and [al!le$ mlcrumns;
/ Interval 96-98 cm Interval Bdem M18121em - / clinopyroxens 18%, 0.4-5.0 mm, | | prisms, ineh .
/ Si02 8017 MRM (ntensity {103 emu/ee) 0.7 - / magnetite 6%, 0.1-1,2 mm, intergranular; glass 38%, 18 mm, mlersulvai variglitic to
TiOg 1.73 NAM Incl, (") -68.8 - N hyalopilitic mesostasis.
Alz03 13.25 MOF (Ce.) 30.0 - Alteration: Clays | 10%) replacing glass.
/ FeQ 1283 Stable Incl. (] -20.8 - n ® % r/ Texture: Spotted dolerite to varialite.
Mn0 = Vip s lkmis) - 5971 o0 X
/ MgO 5.94 D {glec) - 298 1T Shipboard Geochamistry (XRF, %) Paleomagnetism/Physical Proparties:
Ca0 1.1 P (%) - 1.3 ., / Interval 28-30cm  73.75 em Interval 85em 8992 cm
Maz0 - h= Sidg 5056 48,50 NRM Intensity 03 emulecl 2.4 -
ML K20 0.08 ] 1 Tiog 166 2.18 NRM Incl. *) 605 -
P20s - Alz0g 13.50 1227 MDF {Qe.) 30.0 -
Total = | * L] Fe 1278 1557 Stabls Incl. () -51.7 =
" Lot 0.28 M MnO - - Vp it tkmis) - &aon
FeO + MgO 2.6 B V.08 % MgO 6.54 613 D lglech . 2.99
X7 / Cal + Alz03 0.84 Cal 11.39 2.76 P %) - 1.3
FeO = TiO2 741 100— 2 /r 25200 ';] 0;33
2 0.05 |
/ -1 / Pz05 - -
Total -
/] = B Lot 0.44 083
2 FeO + MgO 198 253
|/ 1 L/ Cal . Alg03 084 0.79
V.07 - FeO : TiOz 7.69 7.41
/1 e 4
% . %
1 1 |/
/1 2 1
1 [voo
- 150 — L

9% 4LIS
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FOR IGNEOUS ROCKS LEG | SITE

6| 1]4|6]z [a
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Depth: B32.8 to 634.2 m

MAJOR ROCK TYPE-——MASSIVE BASALT SILL (DOLERITE)

Macroscopic Deseription:

Slightly altered massive dolerite with veins of quartz, calcite plus celadonite and pyrite,

and clay. Alteration and quartz veins occur in Pieces 2A, 28, and 3. Alteration in Picces
3C, 3F, and 3G proceeds along veins (with pyrite). From 0.0-65.0 cm, dolerite is parphyric
and has medium to slightly coarse grain-size. From 65.0-140.0 cm, dolerite is aphanitic 1o
slightly porphyritic and has fine to medium grain-size.

Thin Section Description:

B-10 em: Variolitic microdolerite from sill interior.

Groundmass: Plagiociase (AnB0-72) 40%, 0.1-0.8 mm, . prisms; clinopy 38%,
0.08-0.4 mm, ional; ite 7%, intergranular; glass 15%, | it i
agaregatss.

Alteration: Brown clays (20%) replacing interstitial glass.

Texture: Microdolerite to variolite.

134-136 em: Microdolerite from sill interior.

i h ysts: Trace of plagiocl 1.2 mm, el d prisms; clinopy ~1%, 0.5 mm,

equidimensional, corroded.
Groundmass: Plagioclase (AnB8-65) 35-40%, micralites; clinopyroxens 58.53%, 0.03 mm,
equidimensional; magnetite 7%, 0.2 mm, intergranular
Alweration: Clay {15%) forming brown pseudomorphs of all minerals and pale green groundmass.
Texture: Microdol £

Shipboard Geochemistry (XRF, %):  Pal /Physical Properties:

Interval 8-10 om 134-136em  Interval 75-77ecm 90cm
S5i02 4888 B51.18 NRM Intensity 1103 emulee) - 0.8
Tioz 1.37 1.67 NAM Incl. ("} - —64.9
Alz03 1369 1349 MOF (Oe.) - 30.0
FeQ 1217 1279 Stable Incl. (") - -31.77
MnO 3 % Vp 1 (kms) 5.853 -
MgD 666 649 D lgfee) 299 -
Cal 1186 1130 P (%) 7.0 -
Nag0 -

K20 0.08 0.04

P20g - =

Total - -

Lol 0.59 0.52

FeO + MgO 182 197

Ca0+ AlZ03 086 084

FeO + TiO2 B8.88 7.85
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VISUAL CORE DESCRIPTION ¢
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CORE |SECT.
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Depth: 634.2 tc 6356 m
MAJOR ROCK TYPE-—MASSIVE BASALT (DOLERITE)

Macroscopic Description:

Moderately altered massive dolerite with veins of quartz, calcite plus celadonite and pyrite,

and clay, The sill is the same as in Core 28, Section 1. From 0.0-150.0 cm, dolerite has

a fine to medium grain-size and is aphanitic to slightly porpyritic. Alteration in Pleces

1A-2A proceeds along vein (with pyrite).

Thin Section Description:

B8-70 em: Microdolerite from sill interior.

Microphencerysts: Plagioclase (An72) 2%, 0.8-1.2 mm, elongated prisms; clinopyroxens 1%, 1.2
mm, equidimensional, corroded,

Groundmass: Plagioclase (And8-68) 45%, 0.04-0.4 mm, microlites; clinopyroxene 35%, 0.1 mm,
equidimensional; magnetite 8%, 0.07 mm, intergranular; glass 12%, 0.1-1.3 mm, interstitial
hyalopilitic aogregates.

Alteration: Clays {20%) replacing all minerals forming brown pseudomorphs and pale greenish
gray groundmass.

Texture: Spotted microdoleritic to hyalopilitic.

Shipboard Geochemistry (XRF, %): Paleomagnetism/Physical Properties:

Interval B68-70 cm Interval 865cm 139142 cm
$i02 49.73 NRM Intensity (103 emu/ec) 16 -
TiOz 1.65 NAM Inc, ) -68.8 -
Alz03 13.47 MDF (Oe.] 60.0 -
FeO 13.09 Stable Incl. *) ~56.5 -
MnO - Vp i tkm/s) - 5819
MgO 6.29 D fgfem3) = 289
Ca0 10.88 P (%) - 5.3
Naz0 -

K20 0.14

P205 -

Total -

LOIt 0.42

FeQ + MgO 208

Ca0 : AlgD3 0.82

FeQ . TiDg 793

9% 4LIS
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE

mroxI

CORE |[SECT.

B

6[1]a]6]2 [2]8

Depth: 635.6 to 636.0 m
MAJOR ROCK TYPE—MASSIVE BASALT SILL (BASALT)
Macroscopic Description:

Slightly altered, massive dolerite with veins. From 0,0 to 27.0 cm and from 33.0 to
48.0 cm is fine to medium grain-sized and is aphanitic to slightly porphyritic. From

27.0 to 33.0 cm is medium to slightly coarse grain-sized and is plagiodase-porphyritic
andd is partly glomeroporphyritic.

Thin Section Description:

26-28 em: Microdolerite from sill interior,

Phenocrysts: Rare relics of resorbed coarse grains of plagioclase and clinopyroxene.
Groundmass: Plagioclase (An52) 55%, 0.4-1.2 mm, microlites; clinopyroxene 40%,
0.2-0.8 mm, intergranular, corroded, 5%, 0.04-0.08 mm,
dust-like.

grayish-ge clays 130%) replacing all minerals,

Shipboard Geochemistry (XRF, %):

Interval 26-28 cm
5i0y 49.86
Tio, 1.75
AlyOy 12.96
FeD 13.22
MgO 6.66
Ca0 10.35
I\I.nzD -
K50 0.8
Pa0g =
Total -
LOIt 0.62
FeD + MgO 198
Ca0 + Aly0q 0.79
FeO + TID2 7.55

9% ALIS
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FOR IGNEOUS ROCKS tes | sime |E

6|1]afs]2 |a

CORE |SECT.
[2]s] |1

Depth: 636.0 to 627.26 m

MAJOR ROCK TYPE- —MASSIVE BASALT (DOLERITE]

Macroscopic Deseription:

Massive medium grain-sized dolerite with thin pyrite-clay-celadonite vains. Appears to ba
the same sill as in Core 28, A % X =coarse grained dolerite, vein-like separation oocurs
at 59.0-61.0 cm. In the thicker veins, pyrite is a cubic and pentagon-dodecahedric as
compared with thin films in previous cores.

Pyroxene in groundmass is slightly altered to pale grayish-green clay.

From 49.0-61.0 cm, a coarse grain-sized (plagioclase up to 5 mm, and altered pyroxene up to
4 mm) vein-like dolerite separation bearing coarse (3-5 mm|) guartz-feldspar {granophyric
eggregates). Margins of this separation are fine grain-sized and enriched in dark minerals.
Thin Section Description:

6-8 em: Subophitic dolarite from sill interior.

Microphenocrysts: Plagioclase {An55) 5%, 0.4-0.8 mm, subhedral to euhed linopy

7:10%, 0.4-0.9 mm, subhedral,
Groundmass: Plagioclass 40%, <0.4 mm, euhedral to subhedral, microlite; some spherulitic

sggregates; clinopyroxens 40%, <0.4 mm, subhedral; magnetite 5-~8%, <0.1 mm, angular;

trace quartz and alkali feldspar; trace apatite

Alteration: Clays and chiorite { 10-156%) in spotted |, i g oli and
plagloclase.

Tenture: Subophitic.

Shipboard Gaochemistry (XRF, %): P:

Intarval 6-9 cm Interval 1em  811cm
5i0p 49.84 NRM Intensity (10°3 amu/ec) 8.9 -
Tiog 1.63 NRM Incl. (7} -63.0 -
Ala03 1313 MDF (Oe.) 80.0 -
FeQ 12,71 Stable Incl, ("} —56.7 -
MnO — Vo i lkmish - 5873
MgO 6.78 D {g/em3) - 296
Cal 1116 P %) - 29
NazO -

K20 0.07

P205 -

Total =

Lot 098

FeQ + MgD 1.87

Cal + AlpD3 0.87

FeO + TiD2 7.79
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FOR IGNEOUS ROCKS LEG SITE CORE |SECT.

ol 1]als]2 [a] [2]o] |2

Depth: 637.25 10 638.45m
MAJOR ROCK TYPE——MASSIVE BASALT (DOLERITE)

Macroscopie Description:

Massive medium grain-sized dolerites with veins of pyrite plus celadonite and clay. Dolerite
of Section 2 is slightly more coarse grained and enriched in dark clay spots as compared
with Section 1, Core 290, Two systemns of 1 are distinctly developed: 307 and 607

inclinations relative to & vertical axis.

Physical Properties:

Interval 1M7119 em
Vp i (kmish 5,679

O (glem?) b

P (%) *
*Cracked

HLIS
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG| SITE

CORE |SECT.

6 1]a]s[2[a] [2]o] |5

Daopth: 538.45 10 6399 m
MAJOR ROCK TYPE—-MASSIVE BASALT (DOLERITE)

Macroscopic Description:
Massive medium grain-sized dolerites with veins of pyrite plus celadonite and clay. Two

systems of f are di Iy 307 and 60° inclinations relative to vertical
axis.
Thin Section Description:

102106 em: Subophitic dolarite fram sill interior.

Phenocrysts: Plagioclase (AnS5] 15%, 0.7-1.0 mm, subhcdral 1o euhedral, slmost micro-
phenocrysts with partly phenocrysts; clinopyroxene 16%, 0.6-1.0 mm, subhedral to

hedral, almost mice wsts with partly phenocrysts; magnetite 3-5%, 0.7 mm,

partly skeletal 7

Groundmass: Plagiociase (AnB0) 15%, <0.4 mm, euhedral ; elinopy 30%,
< (0.4 mm, subhedral, microlite; magnetite 5%, <0.4 mm, skeletal; quartz 1-2%, and
trace alkali feldspar form micropegmatite; trace kaersutite and apatite (acicular)

Alteration: Clays and chlorite [~5%) in spotted | placing el

Texture: Subophitic 1o ophitic.

Paleomagnetism/Physical Properties:

Interval 4446 em 91 cm
NAM Intensity (103 emufec)  — 9.0
NAM Incl. (") -50.4
MDF (De.) 70.0
Stable Incl. *) - 54.0
Vo i (km/sh 6.062 -
D (glem3) 295 -
P (%) 36 =

E
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VISUAL CORE DESCRIPTION e
FOR IGNEOUS ROCKS tea | sre |E| core |sect.
6[1[a[e]2]a] [ 2] Ta

Depth: 639.9 10 641.3m
MAJOR ROCK TYPE--—MASSIVE BASALT (DOLERITE)
Macroscopic Description:
Massive maedium grain-sized dolerites with veins of pyrite plus celadonite and clay. Same

dolerite as in Core 29, Section 3. From 80.0-140.0 cm, dalerite has slightly finer grain-size
and does not heve dark coarse spots.

Physical Properties:

Interval 70-73 em
Vi o (kmis) 6.145
D (gfem3) 298
P (%) 29

9 41IS
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG

6 1]4[s]2]a

mroxT

SITE CORE

|2]a | |5

SECT.

Depth: 641.3 to B42.26 m
MAJOR ROCK TYPE—MASSIVE BASALT SILL (DOLERITE)

Macroscople Description:

Massive medium grain-sized |as in 80.0-140.0 cm of Core 29, Section 4) dolerite with

weins of pyrite plus clay and celadonite, A thick vein, at 7,0-9.0 cm, includes & later
occurrence of calcite, in addition to the pyrite, clay. and chiorite normally forming the veins.

Thin Section Description:

37-~40 em: Massive dolerite sill from sill interior.

Phenocrysts: Plagioclase (AnS0) 1-3%, 0.7-0.8 mm, subhedral; clinopyroxene 10-12%, 0.7-1.2
mm, auhedral to | gnetite 2-4%, 0.6-1.0 mm, skeletal.

Groundmass: Plagioclase 36%, <0.3 mm, subhedral to euhedral; clinopyroxene 40%, <0.3 mm,

subhadral; magnetite 4-6%, <0.2 mm, skeletal; quartz and alkali feldspar 1-2%, micropegmatite;

kaersutite + 1%; trace of apatite.

Alteration: Clays (10%) in spotted | . replacing plagioclase and clinopy
chlorite (5%) reploces some plagioclase.

Texture: Intergranulsr to subophitic.

Paleomagnetism/Physical Properties:

Interval 6Bcm 49cm
NRM Intensity (103 emu/em®)  — 74
NAM incl. (*} -~ -662
MOF (Qe.) . 750
Stable Incl. (") 3 -53.6
Vp 1 (km/s) 5.257 -
D [gfem?) 299 =
P (%) 2.7 =

*Across 4.0 mm vein
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VISUAL CORE DESCRIPTION e
FOR IGNEOUS ROCKS ec | sime |E| come |secr.
6 1]as[z[a] [2]o] e

Depth: 642.25 to 845.0 m
MAJOR ROCK TYPE——MASSIVE BASALT SILL (DOLERITE)
Magroscopic Deseription:

Massive medium grain-sized (as in Core 29, Section 5} dolerite with veins, See Core 29,
dofa af pyrite, clay, and celadonite, and thicker

Veins are typically

weins also include calcite.

Thin Section Description:

97-100 cm: Subophitic dolerite from sill interior.

Phenocrysts: Plagioclase (AnB0-63) 2-3%, 0.6-0.9 mm, subhedral to euhedral, partly phenocrysts;
clinopyroxene 57%, 0.5-0.9 mm, subhedral, partly phenocrysts; magnetite 1-2%, 0.7 mm,
skeletal, partly phenocrysts,

Groundmass: Plagioclase 41%, <0.3 mm, to . microlil 1i 4%,
<0.3 mm, skeletal; magnetite 5%, <0.2 mm, skeletal; quartz and alkali feldspar 1-2%, micro-
pegmatite; trace kaersutite and apatite.

Alteration: Clays (15%) replacing cl chiorite (5%) raplacing plagiocl
Texture: Intergranular to subophitic.

Shipboard Geochemistry (XRF, %): Pal [Physical Properti
Interval 97-100 cm Interval 86 em
Si0g 49.38 NRM Intensity (103 emu/ec) 8.2
Tidz 147 NRM Incl. (") —68.6
Alz03 1314 MOF (Qe.) 70.0
Fe 12.37 Stable Incl. {*) -57.9
MnQ Vp i (km/s) -
MgO 7.04 D (g/em3) =
Cal M8 P 1%} -
Maz0 -

K20 0.29

P20s :

Total 25

[Kal] 0.20

FeO + Mg 176

C30 # Alz03 0.85

FeO = TiDg 841

9% 91IS
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE CORE [SECT.

6]1]ale]2]a] Jalo] |1

Depth: B45.0 to B46.5 m

H
o
L
E

MAJOR ROCK TYPE——MASSIVE BASALT SILL (DOLERITE]

Macroscopic Description:

Massive uniformly medium grain-sized {as in Core 29, Section 6) dolerite with veins. Dolerite
has 3% clinogyroxene {<0.5 mm|} phenocrysts in a h matrix of pl lasa, clino-
Py ., and opaque minerals. No I ion of the g From B0-80 em,
dolerite has a quartz, chalcedony or zeolite vein, which is white with clay margins. In addition,
thin {<0.1 mm) clay veins occur at inclinations of 15-20" from harizontal.

Thin Section Deseription:

48-50 ecm: Dolerite from sill interior.

Phenocrysts: Plagioclase |An50- EUI 10%, 0.4-1.8 mm,

bhedral to euhedral, partly ph ¥

but partly mi yals; 8-9%. 0.4-1.3 mm, subhedral; magnetite 4%,
0.4 mm, skelotal.
Groundmass: Plagioclase 30%, <0.4 mm, i 40%,

<0.4 mm, subhedral, microlite; magnetite 3%, <0 2 mm, microlite; qumz md Nkull feldspar
~%, micropegmatites Kasrsutite ~ 1%,

Alteration: Clays (5-6%) replacing clinogy in spotted | Chlorite {5-6%) replacing
jioclase and b le in spotted

Textre: Subophitic to intergranular,

Shipboard Geochemistry (XRF, %): Pal ism/Physical Prog

Interval 48-50 cm Interval 39 em 4244 em

5i09 49,78 NAM Intensity (103 emu/em3) 7.3 -

TiD2 1.50 NAM Inch. ("} 67.0 -

Alz03 13.55 MDF (Oe.} 55.0 -

FeO 12,53 Stable Incl. (*) -38.3 -

MnO - Vp o (kmis) - 6.198

MgO 742 D (gfem3) = ?

Ca0 10,97 P (%) - H

Naz0 =

K20 0.42

P20g -

Total -

Lol 0.32

FeO + MgD 1.68

Ca0 = Alg03 0.80

FeO + Ti02 B.35

Piece Number

Graphic
E Representation

om
0 —

Orientation

Shipboard Studies

Special Storage

| Ahteration

VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE

6 1]al6]2]aA

CORE |SECT.

3o] [2

Depth: 6465 to 648.0 m
MAJOR ROCK TYPE——MASSIVE BASALT SILL (DOLERITE)

Macroscopic Description:

Massive, uniformly medium grain-sized dolerite with veins. Same sill as in Core 30, Section 1.

Dolerite has ~ 3% elinopyroxena [<0.6 mm] phenocrysts in a homogeneous matrix of
plagiociase, clinopyroxene, and opaque minerals. No app. | of the gr

There are three vein types: (1) calcite veins {0.0-5.0 em); {2} white quartz, chalcedony, or
reolite vein which has clayey margins; and (3] thin {<0.1 mm] clay veins.

P [Physical Properti
Interval 23em 34-36 em
NAM Intensity (103 emu/em®) 7.8

NEM Incl, {*} - -
MDF (Oe.) 450 =
Stable Incl. (") 651 =
Voo lkm/s) - 6.107
D {g/em3) - 285
P (%) — 30

9% 91IS



¥ET

Pieca Numbar

180 —

Representation

Graphic

|

)

Orientation

Shipboard Studies

vop

| Areration

Special Storage

VISUAL CORE DESCRIPTION
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Depth: 648.0 to 649.5 m

61

MAJOR ROCK TYPE—MASSIVE BASALT SILL (DOLERITE}

Macroscopic Deseription:

Massive uniformly medium grain-sized dolerite with veins. Same sill as in Sections 1 and 2 of
Core 30, Dolerite has ~3% clinopyroxena (< 0.5 mm] phenocrysts in a homogeneous matrix
of plagioclase, clinopyroxene, and opaque minerals. No apparant alteration of the groundmass.
There are three vein types: 1] calcite veins; (2) white quartz, chalcedony {140 cm), or zeolite
vein which has clayey margins; and (3] thin ebundant clay veins {<0.1 mml, regularly spaced at
2,0-3.0 cm intervals, and they dip 15-25" relative to horizontal,

Shipboard Geochemistry [XRF, %): Paleomagnetism/Physicsl Properties:

Interval 21-23cm Interval 11em 1921 em
502 49.44 NAM Intensity (103 emu/em®) 7.2

TiOg 161 NRM incl, ") ~738

Al03 13.01 MDF (Oe.] - -
FeQ 1282 Stable Inel. (*) - -
MnO - Wip i tkm/s) - 6.154
Mg 6,86 D (glem3) - 2499
Ca0 10.85 P (%) - 22
Naz0 =

K20 0.30

P205 -

Total =

LOIt 032

FeU + MgO 172

Ca0 + Al203 0.83

FeO + TiD2 7.96
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VISUAL CORE DESCRIPTION E
FOR IGNEOUS ROCKS LEG | SITE |g| CORE |SECT.
6[1]afs]2]a] [3]o] Ja

Depth: 649.5 1o 650.8 m
MAJOR ROCK TYPE——MASSIVE BASALT SILL (DOLERITE)

Magroscopic Deseription:

Massive, uniformly medium grain-sized dolerite with veins, Same sill a5 in Sections 1.3 of

Core 30, Dolerite has - 3% clinopyroxene (< 0.5 mm) phenocrysts in a homogeneous matrix

of plagioclase, clinopyroxens, and opaque minerals. No 1 of the g fmiss

There are three vain types: (1) calcite vein: (2] white quartz, chalcadony, or zeolite vein, which

has clayey marging; and (3} thin [<0.1 mm] abundant clay veins, regularly spaced at 2.0-3.0

em intervals, and they dip 15-25" relative to horizontal,

Thin Section Description:

21:23 em: Dolerite from sill interior.

Phenocrysts: Plagioclese [And0-60) 6.8%, 0.4:0.7 mm, subhedral, zoned; clinopyroxens 4%,
0.4-0.8 mm, subhedral 1o euhedral; magnetite - 2%, 0.5-0.8 mm.

Groundmass: Plagioclase 42%, < 0.4 mm, subhedral 10 eubedral; elinopyroxene 40%, < 0.4 mm,
subhedral; magnetite 3-4%, < 0.2 mm, skeletal to acicular; quartz and alkali feldspar ~ 1%,
micropegmatite; Kaersutite = 1%, <0.2 mm, and green homblends.

Alteration: Clays {5-10%} in spots replacing clinopyroxene. Chlonite (6%) in spots replacing
plagioclase,

Texture: Subophitic to intergranular.

Paleomagnetism/Physical Properties:

Interval 14-16 em 32cm
NRM Intensity (103 amu/em3)  — 64
MNRM incl. (") -72.2
MOF (Oe.) - 50.0
Stable Incl. [*] - -28.07
Vp i fkmds) 6.107 -

D (g/em3) 3.00 -

P (%) 23 -

9% AL1IS
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE

61]aslz|a

SECT.

Depth: 650.8 t0 652.2 m
MAJOR ROCK TYPE——MASSIVE BASALT SILL (DOLERITE)
Macroscopic Deseription:

Massive, uniformly medium grain-sized dolerite with veins. Same sill as in Sections 14 of
Core 30. Dolerite has ~ % clinopyroxens (<0.5 mm) phenocrysts in 3 homoganeous matrix

of plegioclase, clinopyroxene, and opague minerals. No of the g

There are three vain types: {1) calcite vein; {2) white quartz, chalcedony, or zeolite vein,
which has clayey margins; and (3) thin (<0.2 mm, slightly thicker than Core 30, Section 4),
abundant clay veins, reqularly spaced at 2.0-3.0 em intervals and they dip 15-25° from the
harizontal,

Paleomagnatism/Physical Proparties:
Interval 74 em
NAM Intensity 10°3 emu/em3) 60
NAM Inci. (") -704
MDF (Qe.) =
Stable Incl, (*) -
Vp o lkm/sl -

D (g/em3) -

P % -
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE

6|1]ale|2]a

CORE
[s]o] |e

Depth: 6562.2 10 6536 m
MAJOR ROCK TYPE—~—BASALT SILL IDOLERITE)

Macroscopic Description:

Massive, uniformly medium grain-sized dolerite with veins. Same sill as In Sections 1-5 of Care

30, Dolerite has ~3% clinopyroxene (<0.5 mm) phenocrysts in a homogeneous matrix of
lagioel linogry and opiguir Mo app alteration of the groundmass,

There are three vein types: {1) caleite vein; {2} white quartz, chalcedony, or 2eolite vein, which

has clayry margins; and [3) thin (<02 mm, slightly thicker than Core 30, Section 5) abundant

clay veins, regularly spaced at 2.0-3,0 cm intervals and they dip 15-258° from the horizontal.

Paleomagnetism:

Interval 17 em
NRM Intensity (103 emucm3) 5.0
NAM Incl. () -78.6
MDF {Ou.) 700
Stable Incl, (") -50.0

9% 41IS
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e B8 % 2 VISUAL CORE DESCRIPTION L B £ c2 VISUAL CORE DESCRIPTION Y
2 ©§ B § = FOR IGNEOUS ROCKS LEG| SITE |g| CORE |SECT. 2 = i 2 2 FOR IGNEOUS ROCKS LEG| SITE [g| CORE |SECT,
£ s 'E B § -1
o & EES S %g 6|1 ]ale]z [a] [a]1] [1 £ 55 2% 6]1]a[s]2[a] [3]2] [
|: Depth: 654.0 to 655.0 m = Depth: 655.5 to 656.85 m
1 MAJOR ROCK TYPE—BASALT WILL (DOLERITE} ; MAJOR ROCK TYPE——BASALT SILL (DOLERITE) AND LOWER SEDIMENT CONTACT
] Macroscopic Description: _ ) L~ Macroscopic Description:
L~ Massive, slightly -.Iwrnd, fine to medium grain-si _". hani to stightly porphy *:50'0:_'“ L~ Massive, modarately altered dolerite with veins of clay. From 0.0-30.0 cm, the dolerite has
- with veins. Dolerite has microph ysts af and Py . and of ] a fine grain-size and is slightly aphyric. From 30.0-50.0 cm, the dolerite i aphyric with
plagioclase, clinopyroxene, and magnetite.  Veins are celadonite. L1 mic ysts of .—" giociase and clinopyroxene, The ratio of “plagioclase to elino-
d Thin Section Description: 1 PYTaxena mrcmphenqe'vm” =1. Dolerite at 50.0 cm, the lower contact of the sill with
L1 48:50 cm: Dolerite from sill interior. L1 sediments, may ba chilled (7). See Sedi y Core Barrel Descriptions for a detailed
Microphenocrysts: Plagioclase {AnB0-50] 8-10%, 0.4-0.7 mm, subhedral; clinopyroxene 3-5%, = description of sedimentary rock.
L1 0.4-0.7 mm, euh to i magnetite (Ti) 1-2%, 0.4 mm, skeletal, g Thinw Description: . )
Groundmass: Plagioclase 40%, <0.3 mm, subhedral to euhedral; clinopy 35%, <0.4 mm; 44-48 cm: Dolerite next to glassy margin of a sill.
1 magnetite 4-5%, <0.2 mm, skeletal; quartz and alkali feldspar ~ 2%, micropegmatite; ; Microphenocrysts: Plagioclase {AnB0-65) 1-2%, 0.4.0.8 mm, prismatic; clinopyroxene 2-3%,
kaersutite ~ 1%, 0.1 mm. 0.4-0.8 mm, subhedral, some apgregate.
d Alteration: Clays (3-5%) replacing spots of elinopyroxens, Chiorite (3-6%) replacing spots of L] Groundmass: Plagioclase 42%, <0.2 mm, subhedral; clinopyroxene 42%, <0.05 mm, subhedral;
| plagiociase. XTLA magnetite 2-3%, <0,01 mm, dust-like; glass 5-10%, altered to clay.
50— XTI Texture: Subophitic to intergranular, Allcl::inn: Clays (10-20%). replacing interstitial glass and clinopyraxens, Chlorite in veins
and spots.
il VDR d Shipboard Geochemistry [XRF, %): Palsomagnetism/Physical Properties: . ’= Texture: Hyalopilitic to intersertal,
28 1 Interval 4850 cm Intarval 45cm  56-58 cm
- | 5i02 48,68 NAM Intensity (10°3 smu/emd) 3.9 - _1 Shipboard Geochemistry (XRF, %): Palsomagnetism/Physical Properties:
Ti0g 158 NAM Incl. ("} -65.3 = Interval 44-48 ¢m Interval 34em 123 3133
e % =~ Alp03 1357 MDF (Oe.) 90.0 - _ s S
> FeD 12.45 Stable Incl. {*) —46.0 —~ Si0g 48.37 NAM Intensity (103 emu/em3)  10.7 48
~ 3. MnO - Vp § (kmis) 2 5.880 - Tiog 1.66 NAM Incl. (") -663 -538 -
L1 MgO 643 Diglem?) - 3.00 Alp03 12.56 MDF (Oe.) 800 3250 -
b = Cal 10.66 P %) - 22 N FeQ 11.43 Stable Incl. [*} 526 -544 -—
5 Nag0 il MnQ - Vp o {kmfs) - - 5872
= f’"] -1 K30 0.39 e MgO 6.33 D {g/emd) = - 292
A = P205 oy 1] Ca0 10.70 P (%) - - 32
4A g Total - Naz0 N
| b [/ Lot 0.41 Al K20 078
FeO +MgO 193 - P205
1 iIcm) L Ca0 + Alg03 078 1183 Total :
A FeD +Ti0g 7.87 g LOIt 0.64
100— 5 wo— | & FeO « MgO 1.80
] @ Cal + Alz03 0.85
N — . Fel + TiO2 .88
M
150 - — 150 — —
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SITE 482 HOLE A CORE 32 CORED INTERVAL: B55.5 1o 663.0 m SITE 462 HOLE A CORE 35 COREDINTERVAL: 681.0 to 685.0 m

BIOSTR, FOSSIL BIOSTR. FOSSIL
ZONE  [CHARACT > ZONE  [CHARACT. wls
Z| w 2 (*] Z|l @ Fale
S| Z | GRAPHIC = P S £ | gGRapHic g £zlE
& g § g § £ 2 | | THoLoGY é = 2 LITHOLOGIC DESCRIPTION o g g g § £ ¥ | LitnoLocy [22[2218., LITHOLOGIC DESCRIPTION
g 2 H Sl g 132 3|8 & e
= ol w &z < = @ =
JEHEHE i AEHEHE =gk
= 0.0t 05 m: Basalt which ia described in the “Visusl Come N ke . Mo recavery from Cors 34, B72.0 10 681.0 m.
- BASALT Dascription of lgneous Rock™. pz
s 05to 2.7 m: Dark gray [N3) to greenish-black (53 2/1} ZEOLITIC 05 1 Structurstess grayish black (50 3/1) VOLCANICLASTIC SILTSTONE.
SILTSTONE-rich smatl imm scale) magnetic coneretions are at 0.6 m e i Is similar 1o that in Core 33. Origin is probably hyaloctastite
adjacent ta the bisalt and thowing soparant sire grading with finer 1 -
wrabi at base. Horizontal lemination present focally, Zeclite vein, = SMEAR SLIDE %)
subvertical, extends down part of Section 1 1.0 Volcaniclatie
- - siltstone
N SMEAR SLIDE (%] g g " —— eei
= g MINERALS ol
gi P S E _§g gé - Sanvt sizn 15
EE 82 B s3 3 Silt sizn 85
iE" ;gi #y P2 . Volcanic glass (alisred) 55
9 £ - i ~
5 ; 3 3; - ; - ?.nlm leement) 45
2 -1 Zeolite comented hyaloclastite
TEXTURE AND 160 174 16 cc -
MINERALS Lol o} o} {i+]]
' Sand sizy - - -
Sitt size - - -
Clay size - - - -
Clay 45 25" B6" B7
Feldspar - - - L[
Opaque 15 5 B Tr
Volzanic glass - = - 3
Zeolite a0 70 30 o

*Mainly chiorite

THIN SECTION DESCRIFTION

2,08 cm: Zeolite-comanted hysloclastite—Sand tize 30%.; wilt site

FO%; feldssar 1%, voleanic graim 10%; volcanic glass 40%, slightly altered|
o chay, sngular and blocky-polygonal 1o subrounded, sire range 0010
mim to 0,120 mm, but most in 0,08 1o 0.0 mm, poarty packed, well
sortmd: 1ome grains of baalt and of plagioclase, Cemant is a motaic of
zeolite laths (0,006 x 0.002 mm). Some grains being replaced by clay

of zeolite

SITE 462 HOLE A CORE 33 COREDINTERVAL: 663.0 to 672.0 m

BIOSTR. | FOSSIL
ZONE ARACT. N
82| en Hﬁg
= APHIC =]
" g 8 gg BB | Stey [ LITHOLOGIC DESCRIPTION
4 |z g § HE 5 B = =
2 HEFIEIE: =
- o cc IS e R I I l Dark gray (N3] VOLCANICLASTIC SILTSTONE.

SMEAR SLIDE I%): Highly altered volcaniclastic slistone—Clay 90%;
mainly chiarite; 10% of volcanic glass (71 or seolite (7], clear, isotropic
particles of differant shapes af spherical to subangular.

9% 4LIS
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VISUAL CORE DESCRIPTION
FOR IGNEQUS ROCKS LEG | SITE

6]1]ale]2

SECT.

lefz] Tn

¥ |mrox

MAJOR ROCK TYPE——BASALT SILL (DOLERITE)

Macroscopic Description:

Stightly altered dolerite sill with veins of celadonite.

Orientation and stratigraphic order are not known for the pieces recovered. Textures of pieces
are as follows:

Pieces 1 1o 2: Fine to slightly medium grain-size and are holopilitic.
Pieces 3o 7: Medium grain-sized and are intersertal.
Pieces B to 10 Medium to slightly coarss grain-size and are intersertal to intergranular,

Flem 1 through 10 are made of mu:ropl'wnocf\rm of clinopyroxene and plagioclase, and
of Py 5 and n addition, Pieces 1 and 2 also have
microlites of glass,

Thin Section Description:

10-12 em: Fresh interstitial basalt from marginal zone of sill.

Phenoerysts: Plagioclase (An58) 1%, 0.1-0.3 mm, subhedral; elinopyroxane (augite) 4%, 0.1-0.4
mm, subhedral,

Groundmass: Plagioclase {An60) 35%, < 0.4 mm, sut skelatal; i) laugitel
A40%, <0.2 mm, most as quench-textured; magnetite 10%, <0.02 mm; glass 3-4%, interstitial
patches.

Alweration: Greenish brown clay (10%] replacing clinopyroxens and glass.

Texture: Intersertal, spherulitic.

90-92 em: Relatively fresh dolerite from sill interior.

Groundmass: Plagiociase {An58-60) 37%, 0.3-0.7 mm; clinopyroxens (augite] 46%, 0.2.0.8 mm,

subhedral; magnetite (Ti) 6%, <0.2 mm); glass 1-2%, al.hened variolitic; trace quartz and alkali
le!dw in patches; y 10%, Y.
A ish green chiorite and clay IIO%}

ing glass and clinopy
Texture: Subophitic.

Shipboard Geochemistry [XRF, %): Palsomagnetism:

Interval 10-12 em Interval 86 cm
5i02 49.09 NRM Intensity (103 emulec) 7.3
Tiog 1.21 NRM Incl. ("} -59.5
Alz03 13.87 MDF (Oe.) 40.0
Fel 11.26 Stable Incd. (") —48.87
MnO =

MgO 7.08

Cad nn

Nas0 L

Ko0 0.1

P205 i

Total -

Lo 0.43

FeO + MgO 159

CaD : Al703 084

FeD : TiO2 9.30

cm
0 —

Pieca Numbar

1) HO O[O f O |uetieumion

voio

Orientation
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VISUAL CORE DESCRIPTION 2
FOR IGNEOUS ROCKS LEG | SITE |g

6]1]a]s]2]a

CORE
[3]se Je

SECT.

Depth: 689.8 to 690.0 m
MAJOR ROCK TYPE- —BASALT SILL (DOLERITE)

Macroscopic Description:

Dolerite sill. There are not any oriented pleces and all pieces except No. 5 are out of

stratigraphic arder,

Pieces 1.5 are all plagiocisse and clinopyroxene phyric with phenocrysts of elinopyroxene

1~ 2%, <0.03 mm) and plagioclase (< 1%, <0.2 mm), Textures range from very fine grain

sized or glassy (variolitic?] to holocrystalline lerite, These places
and inner crystalling facies of a basaltic sill, respectively,

Alteration is not visible wu\n the unaided eye, except lor one clay vein; but these rocks are

“green stones”, ifi |

Thin Section Description;

10-12 cm: Altered fine grain-sized basalt from sill margin.

Phenocrysts: Plagioclass (AnB0) 2%, 0.2-0.4 mm, eubedral zoned, glomarophyric clusters;
clinopyroxene {augitel 3%, 0.1-0.3 mm, subhedral, golmerophyric clusters.

Groundmass: Plagloclase 28%, <0.2 mm, skeletal, quench, anhedral; clinopyroxene (augita)
37%, < 0.2 mm; magnetite [Ti) 7%, <0.04 mm, skeletal, quench; glass 10-15%,

Alteration: Brownish-green clays (20%) replacing clinopyroxene and glass.

Texture: Hyalopilitic, spherulitic.

21:23 cm: Vanolitic basalt from glassy sill margin,

Microphenocrysts: Plagiociase ~ 1%, 0.2 mm, gl ric finopy
trace, 0.4 mm, glomeroparphyric agaregates.

Groundmass: Plagioclase ~ 2%, <0.04 mm, laths in varioliti is; cli = 1%,
0.08 mm, equidimensional; magnetite 7%, <0.01 mm, dust-like; glass > 95%, variolitic
MO tasis.

Alterstion: Carbonate (1%)] replacing cli and plagiociase in gl writic
aggregates. Brown clays {90%) replacing glass mesostasis

Texture: Variolitic

34-36 cm:  Altered basalt from sill interior.

Phenocrysts: Plagioclase < 1%, 0.3-0.5 mm, euhedral and corroded; clinopyroxens {augite)
< 1%, 0.4 mm, subophitic.

Groundmass: Plagioclase (An65) 7%, 0.1-0.3 mm_ laths; clmupwoxann 1augnwl 7%, 0.1-0.2 mm;

magnetite (Ti) 7%, <0.04 mm; hibole 7%, dary, repl ] Py
Alteration: Brown clays [ 15%] replacing all minerals,
Texture: Intergranular.

Shipboard Geochemistry {XAF, %}:

Interval 21-23cm
5i02 50.66
Ti02 158
Alz03 14.18
FeQ 1154
MnO -
MgO 7.31
CaD 12.06
Naz0 =
K20 0.3
Pa0s -
Total =
Fel + MgD 1.57
Ca0 +Alz03 0.85
FeO + TiD2 7.30

9% LIS
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG

6[1 (462 [a

SITE CORE

[se] [1

Depth: 691.0 to 692.0m

MAJOR ROCK TYPE——MASSIVE BASALT SILL (DOLERITE)

Macroscopic Description:

Massive, aphyric, medium to fine grainsized basalt. A few clinapwroxeﬂe phenocrysts

< 1%, ~0.5 mm) in 8 massive gr of plagioc Py -, and opague

Rock has a few clay spots,

From 0.0-30.0 em, the grain-size increases downward, From 30.0-180.0 cm, the grain-size is

relatively constant.

Thin Section Description:

53-55 cm: Frash dolerite from sill interior,

Groundmass: Plagioclsse (An70] 42%, 0.3-0.5 mm, subhedral to anhedral; elinopy roxans
{augite) 43%, 0.3-0.5 mm; magnetite (Ti} 10%, <06 mm; trace of quartz and alkali
feldspar, granphyric; trace apatite.

Alteration: Brown clays (5%) replacing clinopyroxens,

Texture: Subophitic,

Shipboard Geochemistry (XRF, %): Palaomagnetism/Physical Properties:
Interval 5355 cm Interval 5861 cm B3 com
Si02 50.55 NRM Intensity (10°3 emu/em3) - 205
TiDgz 1.20 NAM incl. (") = =61.1
Alg03 13.87 MDF {Qe.] - 30.0
Fed 1185 Stable Incl. {") - -50.3
MnO - Vp o (km/s) 5.988 =
MgD .21 D lg/em3) 296
Cal 12,35 P (%) 30 -
Mag0 4
K20 0,13
P20 =
Total -
Lol 0.49

0 + MO 1.61
Ca0 + AlpO3 0.89
FeD + TiDa 2.70

Piece Number
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VISUAL CORE DESCRIPTION ?
FOR IGNEOUS ROCKS LeG | sITE || come |secT.
{e[1]ale]2 [a| [3]a] |2

Dupth:691.0 to 692.0 m

MAJOR ROCK TYPE-—MASSIVE BASALT

ic Description:
Massive basait. From 0.0-45.0 cm, the basalt grainsize decreases downward to a glassy margin at
A44-45 cm, The basalt within 0.0 and 44.0 cm has & few plagioclase and clinopyroxene phenocrysts
{=1%, 0.2-0.3 mm) in a homogeneous fine grain-sized matrix. Clay spots of alteration are present
from the glassy margin [44.0 mm) upward
From 48.0-130.0 cm, basalt has a glassy margin 47-48 cm and then downward from 48.0 cm grain
size gradually increases. At a lower portion {~ 100 cm) the basalt has a grain-size of medium to
fine and ~2.3% clmopvwxene phsnocrvm In the upper portion (~B0 cm) basalt is made of a
few ph ysts of el and lase (< 1%, D.2-0.5 mmi in ll!e upper nnmun

15 appr equal to clinopy . g

clustars becoma and of cli

is greatar than
At 80.0-90.0 em, veins are of pyrite plus calcite. AI 110.0-125.0 cm, veins are pyrite plus clay.

Thin Section Description:

18-20 em: Relgtively fresh dolerite from sill interior,

Groundmass: Plagioclase (AnB0) 41%, 0.1-0.2 mm; clinopyroxene (sugite) 41%, 0.1-0.2 mm;
magnetite {Ti} 5%, <0.04 mm; glass ~ 3%, altered interstitial patches; trace quartz and alkal
feldspar granophyric patches.

Alteration: Brown clay {10%) replaeing clinopyroxene and glass.

Texture: Dolerite.

42-46 cm: Fresh basalt from glassy sill margin,

Phenocrysts: Plagioclase (An70) 2%, 0.1.0.2 mm, euh .ol phyric clusters; clinopy
laugite) 2%, euhedral, glomerophyric clusters,

Groundmass: Plagioclase 30%, <0.04 mm, intergranular; clinopyroxene &1%, <0.04 mm, inter-
granular; magnetite (Ti) 5%, <0.04 mm.

Alteration: Clays (5-20%) m spotty

Texture: Glossy, litic, hy i

49-51 em: Fresh glassy hasalt from sill intarior.

Phenocrysts: Plagioclase (An70} 4%, 0.1-0.3 mm,
Pyroxens lnugmd 2%, 0.1-0.2%, wuhedral, gﬂumurauhvnc uwugnlus

i race, ites, swallow-tail textured; clinopyroxene trace, quench
and sl:eletal, glass 94%, appears either devitrified or altered, brown, slightly isotropic,

Altration: Clays and chiorite (7%} replacing groundmass and phenocrysts,

Texture: Glassy vo varialitic.

B4-67 cm: Basalt from sill interior,

Phunacwsts Plagioclase {An72) < 1%, 0.2 mm,

1%, 0.1 mm, euhedral to subhedral.

Groundmass: Plaguodase {An70-72) 25%, < 0.04 mm, suk | to mi
{augite) 44%, <0.04 mm, subhedral ta granular to guench texture; magnetite 5% <0 02 mm;
glass 5 10%, allwrcd \r.-mulmc:

Alteration: Brown clay (25%) replacing microlites and glass.

Texture: Intersertal.

126-128 e Altered fine grained basalt from sill interior,

Phenocrysts: Plagioclase (An70) < 1%, 0.1-0.3 mm, euh .9 phyri
{sugite) < 1%, euhedral, glomerophyric clots.

Groundmass: Plagioclase [An70) 25%, <0.04 mm, subhedral, lath, micrelites; clinopyroxens
{augite) 49%, <0.04 mm, subhedral to granular to quench textured; magnetite (Ti) 7%,
<0.02 mm; glass (altered).

Alweration: Brown clays {26%) replacing glass and minerals.

of glass and clinopy

cling-

hedral and oy

[augite)

Texture: Intersertal.

Shipboard Geochemistry (XRF, %): Paleomagnetism/Physical Properties

Interval 18-20em 8467 cm  Interval 68em 58cm
502 48.79 48.74  NAM Intensity (103 emufcm3) 8.
TiOg 1.18 120 NAM inc. ("] - —66.5
Al203 132.47 13.86  MDF (Oe) - 85.0
Fel 11.68 11.23  Stable Incl. (°} - —420
MgO 7.11 743 Vp lkmis) 6.054 -
Ca0 12.00 1202 D (g/em3) 297 -
K20 a0 011 P %) 3.2 -
(K]l 0.53 0.65

FeO = MgD 1.64 151

Ca0 + Alz03 0.89 0.86

FeO = Ti0g 9.80 9.35

9% H.LIS
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VISUAL CORE DESCRIPTION 9
FOR IGNEOUS ROCKS teG [ sime |g| come |sect.

6|1 lals[2]a] [3]o] |1
Depth: 692.0 t0 693.5 m

MAJOR ROCK TYPE——MASSIVE BASALT

Macroscopic Deseription:

Slightly altered to fresh basalt with veins of chlorite plus pyrite plus clay minerals (smectite >
paragonitel.

From 0.0-47.0 cm (Pieces 1-3), basalt has a fine to slightly coarse grain-size,

From 50.0-52.0 em (upper portion of Piece 4), basalt has a chilled glassy margin.

From 55.0-150.0 cm, basalt has a fine to slightly medium grain-size, and grain-size increases
downward.

Pieces 1-3 are hyalopilitic to interstitial; have an abundance of clinopyroxene phenocrysts
greater than plagioclase phenocrysts; and has microlites of plagloct 1

and glass,

Piece 4 is aphyric, has ysts of cli

phenocrysts, and glass and microlite groundmass.

Glassy margins are grayish black (N2). Fine grain-sized portions are medium light gray (N4).

Slightly medium grain-sized portions are medium gran [NS).

Thin Section Description:

51-54 cm: Stightly phyric variolitic basalt from sill top.

Mi b ysts: Trace {An6G8), 0.4 mm, elongated prisms, rare tables;
clinopyroxene ~ 1%, 0,3 mm, euhedral.

Groundmass: Plagioclase 2%, <0.002 mm, lathes; clinopyroxene trace, <0.002; magnetite
7%, ~0.002 mm, dust-like; glass 1%, altered,

Al ion: Palagonite (91%) replacing glass g 1

Texture: Variolitic.

greater than micro-

Shipboard Geochemistry (XRF, %): Paleomagnetism/Physical Properties:

Interval 58-61 cm Interval 4 em 139141 em
5i0g 49.58 NAM Intensity (103 emu/em3 80 —
Tioz 119 NAMIngl, ) 524

Alz03 1378 MOF (De) 50.0

FaD 1158 Stable Incl. () -388 -
MnO - Vi 1 {km/s) — 5.937
MgO 714 D(glem?) - 298
ca0 1204 P(%) - 31
Nag0 =

K20 0.02

P205 -

Total ~

Lol 0.17

FeO + MgO 1.62

Cal + Alz03 0.87

FeO + TiO2 973

Piece Number
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG SITE CORE |SECT.

6]1alel2|a] [3]o] |2

Depth: 693.5 to 695.0 m

P |mrox

MAJOR ROCK TYPE——MASSIVE BASALT

Macroscopic Description:

Slightly fresh, massive basalt with veins of celadonite plus pyrite plus clay mingrals (smectita =
jparagonite). This is the same unit a5 in Core 38, Section 1,

From 0.0-50.0 cm (7) {Pieces 1-2C), basalt has slightly medium to medium grain-size, and
grain-size increases downward

From 50.0 (?}-150.0 em (Pieces 2-68), basalt has a medium grain-size.

Thin Section Description:

9799 em: Micradalerite from sill interior.

Microphenocrysis: Olivine trace, suhedral rhombic clay pseudomorphs; plagioclase [An58-68)
trace, zoned tables; clinopy trace, 0.4 mm, i |

Groundmass: Qlivine 5%, 0.2 mm, clay pseudomorphs; plagioclase (AnB0) 7%, 0.4 mm,
elongated prisms; clinopyroxene %, 0.00B mm, equidimensional; magnetite 7%, 0.04-0.2,
intergranular, dust-like; spinel (Cr), 0.02 mm, cuhedral, | in elay

Alteration: Clays (5%) pseudomorphs after olivine. Reddish brown palagonite also after
alivine.

Textura: Microdoleritic.

Shipboard Geochemistry (XRF, %): Paleomagnetism/Physical Proparties:

Interval 97.98 cm Interval 26cm 107108 cm
Si02 48.96 NAM Intensity 1103 emu/em3) 5.8 -
Tioz 1.22 NAM Incl, (*) -720 -
Alz03 13.96 MDF (Ce.) - -
FeO 11,52 Stable Incl. ("} -

MnQ - Vi i (kmis) - 5977
MgO 7.22 D (g/em3) 2,95
Ca0 12.08 P %) - 3.1
Mag0 -

K20 0.12

P205 -

Total -

Lot 0.50

FeD = MgD 1,58

Cal + Al203 0.86

FeO : TiOz .44

9% 4LIS
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE

61 |a]6]2 |a

CORE

[als | |3

Depth: 695.0 1o 696.5 m
MAJOR ROCK TYPE--—MASSIVE BASALT

Macroscopic Deseription:

Fresh to slightly altered massive basalt with veins of celadonite plus pyrite plus clay minerals

[smectite > paragonite). This & the same unit & Core 39, Section 2.

From 0.0-115 cm (Pieces 1-3C|, basalt has 8 medium grain-size.

From 115-137 em (Pieces 30-3E), basalt has slightly medium to fine grain-size, and grain-size

gradually decreases downward.

From 137-146 cm (Piece 3F), basalt, the lower portion of which (144-145 cm) is a chilled

margin.

Thin Section Deseription:

76-78 em: Microdolerite near sill bottom.

Groundmass: Olivine ?%, 0.08-0.2 mm, suhedral clay phs; plagioclese (An72-85)
7%, 0.2 mm; clinopyroxene 7%, 0.08 mm, interstitial, some radiated aggregates; magnatite
5%, 0.04-0.1, dust-like, rare laths; glass 10%, 0.3-0.4 mm, interstitlal variolitic aggregates.

Alteration: Clays (1%) form grayish-brown euhedral pseudomorphs of olivine. Reddish brown

clays [10%), rep ] of

Texture: Microdolerite.

142-144 cm: Aphyric basalt from sill battom, -

Groundmass: Olivine trace, 0.1 mm, euh clay hs: i I%, <0.04 mm,
laths; clinopy 1%, 0.04, equidi i 5%, <0.02 mm, dust-like; glass

91%, groundmass.
Alreration: Clays (91%), in mesostasis, replacing glass and reddish brown palagonita.
Texture: Variolitic.

Shipboard Geochemistry (XRAF, %): Paleomagnetism/Physical Properties:

Intarval T6-7Bcm 142144 Interval 57cm 105107 em 136cm
cm

5i0z 4818 48,83  NRM intensity

Tioz 123 119 (103 emu/emd) 8.3 » 10.0

AlpO3 13.84 14.16  NRAM Incl. [*) -60.2 - =539

FeOt 1082 11.16  MOF {Oe.) 35.0 - 50.0

MnC - - Stable Incl. [} ~36.3 - ~40.0

MgO 733 7.09  Vpir (kmfs) = 6,054 -~

CaD 1241 1221 D Im‘cmal - 297

Naz0 - - P (%) - 26 -

K20 0.03 0.04

P20s - -

Total - -

Lol 059 0.92

FeO = MgO 148 157

Ca0 + Al03 0589 0.86

FeO = TiDg 887 8.37
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VISUAL CORE DESCRIPTION
FOR IGNEQOUS ROCKS LEG | SITE

6[1al6]2

SECT.
[3]e] s

»|[mrox

Depth: 696.5 10 698.0 m
MAJOR ROCK TYPE-—MASSIVE BASALT

Macroscopic Description:

Slightly fresh massive basalt with weins of celadonite plus pyrite plus clay minerals [smectite >

paragonite). Three units are observed:

Unit A occurs from 0.0-64.0 cm (Pieces 1-8). From 0.0-8.0 cm (Piece 1) is a glassy chilled
basalt margin. From 9.0-84 cm (Pieces 2.6, basalt has minor downward changes of grain:
size from fine 1o slightly medium,

Unit B occurs from 64-120 cm (Pieces 7-10). From 64-86 em (upper part of Piece 7) is 2
glassy chilled basalt margin. From 66-893(7) cm [Pieces 7, lower part, to upper part of
Piece 9A], basalt increases in grain-size from fine to slightly medium. From 93(7}-120 cm
(Pieces 9A, lower part, to Piece 10), basalt has a decreasing grain-size from slightly medium
1o fine.

Unit € occurs from 120-150 cm (Pieces 11-121; is without a chilled margin, and grain-size
increases downward from fing to slightly medium grain-size.

Thin Section Description:

67-70 em: Aphyric basalt from sill top.

Groundmass: Olivine trace, 0,1 mm, euhedral ¢lay pseudomorphs; plagioclass 3%, <0.04 mm,
laths; clinopyroxene 1%, 0.04 mm; equidimensional; megnetite 5%, <0.02 mm, dust-like;
glass 91%, groundmass.

Alteration: Clays [91%) in mesostasis, replacing glass and reddish brown palagoniie

Texture: Variolitic,

Shipboard Geochemistry (XRF, %): Paleomagnetism:

Interval 4-6cm 67-70 cm Intareal 106 cm
Si0g 48.88 48.33 MAM Intensity (103 emufem?  10.3
Tioz 120 121 NAM fnel. {*) -38.2
Al303 13.86 14,36 MDF (0e.) 65.0
FeO 1160 11,26 Stable Inel, (7] -265
MnQ - -

MO 7.38 7.78

CcaD 1223 12.38

Nag0 = 2

K20 0.08 0.06

P205 - =

Total - -

LOI 0.30 0.36

FeO + MgO 1.56 144

Ca0+ Al203 088 0.86

FeQ « TiO2 9,66 9.30

9% HLIS
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG

6|1

mrox

SITE CORE |SECT.

[3]s] |5

>

4(6|2

Depth: 698.0 to 639.0m

MAJOR ROCK TYPE——MASSIVE BASALT

Macroscopic Description:

Slightly fresh massive basalt with veins of celadanite plus pyrite plus clay minerals (smectite >

paragonite). This section represents one unit continued from Core 39, Section 4.
Unit A{7) occurs from 0,0-75 em. From 0.0-43 cm (Pieces 1-3B), basalt has an increasing
grain-size from slightly medium to medium. From 43-75 cm (Pieces 3C-5), besalt grain-size
decreases from medium to fine.
Unit BI?) occurs from 76-120 cm (Pieces 6-8]. From 75-85 cm (Pieces 6-7), basalt has a
grain-size increasing downward from fine to slightly medium. From 95-120 cm (Pieces 7-8),
basalt grain-size decreases downweard from slightly medium to fine,

‘Thin Section Description:
66-68 cm: Aphyric basalt from sill interior near bottom.
Phenocrysts: Plagioclase trace, 0,06 mm, microlites; clinopyroxene ~ 1%, 0.2 mm, suhedral.
Groundmass: Olivine trace, 0.2 mm, fod clay pesud lagioclase 5%, 0.2 mm, laths;
linag 2%, 0,05 mm, ianal trace, <0.04 mm, dust-like; glass
B2%, mesostasis altered.
Alteration: Clays 92%) mesostasis, replacing glass and olivine.
Texture: Vanolitic.
98-100 cm: Aphyric basalt from sill battom.
Microphenoarysts: Olivine 1%, ~0.2 mm; plagioclase (An80), 0.7 mm. tables, rare megacrysts;
i 1%, 0.4 mm, euhed
Groundmass: Plagioclase (AnB8) 2%, laths; clinopyroxens 1%, equidimensional; magnetite
trace, < 0.02 mm, dust-like; glass 95%, mesostasis, altered.
Alteration: Clays (85%) altered glass mesostasis.
Texture: Variolitic,

. p

Shipboard Geochemistry [XRF, %): Paleomagnetism:

Interval 98-100 cm Interval 44 cm
S5i0g 48.43 NRM Intensity (103 emujem® 167
Tioz 1.22 NRM Inci. {*) =871
Al303 1308 MDF (Oe.) B5.0
FeO 10.78 Stable Incl. (*) —48.2
Mn -

MgO 7.0

Cad 12.10

Maz0 -

K20 0,08

P205 -

Total -

Lo 0.33

FeO + MgO 1.51

Ca0 + Ala03 0.86

FeQ + TiDgz 884
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VISUAL CORE DESCRIPTION o
FOR IGNEOUS ROCKS e | sie [g| come |secT.

61]a]elz [a] Ja]o] T4

Depth: 702.0 1o 702.9 m

MAJOR ROCK TYPE—MASSIVE BASALT AND VOLCANICLASTICS

Macroscopic Description:

Slightly fresh massive basalt. Two units occur as follows:
Unit A occurs from 0.0-54.0 cm (Pieces 1.4C). From 0.0-~19.0 cm, basalt has a grain-size
increasing downward from fine to slightly medium, and it is slightly aphyric. From ~19.0-
30.0 cm (Pieces 3A-38), basalt has a medium grain-size. From 30.0-54.0 cm (Picces 4A-4C),
basalt has a decreasing grain-size from medium to a chilled margin (bottom 2 cm of Piece 4C),
Unit B oceurs from 54,0-85.0 em (Picce 5). From 55.0-64.0 cm, basalt has a chilled margin
[65-67 cm?} and increasing grain-size downward to slightly medium grain-size. From 64.0-
71.0 em, basalt has a slightly medium grainsize. From 71.0-86.0 em, basalt has a decreasing
grain-size downward from slightly medium to a chilled margin (B4-86 cm).

Sediment from 86.0-150,0 cm is described in the Sedimentary Core Barrel Deseriptions.

Thin Section Description:

50-52 cm: Massive basalt from glassy margin.

Microphenocrysts: Olivine 2%, 0.4 mm, pseudomorphs; plagioclase [AnB5-70) 1.2%, 0.4-0.6 mm,

bhedral, forms with clinop ; clinopy 2-3%, 0.3-0.4 mm, subhedral.
Groundmass: Plagioclase 20%, <0.15 mm, subhedral; clinopyroxens 30-35%, < 0.06 mm, slightly
herulitic to dendrit) gretite 10%, <0.07 mm, dust-like; glass 25-30%, altered.

Alteration: Clays {30%) in mesostasis, replacing glass, plagiociase, and clinopyroxens.

Texture: Hyalopilitic.

57-60 cm: Massive basalt from glassy margin,

Microphenocrysts: Olivine 1%, 0.2 mm, pseudomorphs; plagioclase (AnB5) 1%, 0.3-0.4 mm,
subhedral; clinopyroxens 1-2%, 0.2-0.3 mm, euhedral, forms aggregates with plagiociase.

Groundmass: Plagiociase 16%, <0.05 mm, enhedral; clinopyroxene 15%, <0.05 mm, subhedral
to anhedral; magnatite 7%, < 0.01 mm, dust-like; glass 60%, altered.

Alteration. Clays and zeolite (20-30%] replaced glass mesostasis and ol lvine,

Texture: Hyalopilitic to aphyric.

Shipboard Geochemistry (XRF, %): Pl

hysical Py

Interval 86-90 cm Interval 25-27cm B0cm 99101 cm
S0z 49.07 MAM Intensity

Tioz 1.24 1102 emu/em3) -~ 137 -
Alg03 4. NBM Incl [°) - —62.8 =
Fel 11.39 MDF (Oe.} - 0.0 t
MnO Stable Incl. {*) - —56.1 -
Mgl 748 Vp o tkmish 5700 - 2.965
Ca0 12.30 D [9/em3) 295 - 212
Magz0 = P %) 36 — 416
K20 0.10

Ps0g - 1 Volcanic claystone

Total -

Lo 058

FeO + MyO 1.52

Ca ¢ A0y 086

Fel + TiD2 g9.18

9 9LIS
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VISUAL CORE DESCRIPTION E
FOR IGNEOUS ROCKS LEG | SITE |g| CORE |SECT.
6[1]ale|2[a] |a[o] |2
Depth: 703.8 to 704.1 m
MAJOR ROCK TYPE—MASSIVE BASALT AND VOLCANICLASTICS
Macroscopic Deseription:
Slightly fresh basalt and volcaniclastics. From 0.0-24.0 cm are iclasti i di
in the Sedi v Core Barrel D

From 24,0-566.0 cm is single basalt unit  Basalt has a chilled margin at 24-26 em and grain size
increases downward to medium grain-size at 56.0 cm,

Thin Section Description:

23-26 cm: Dolerite sill from glassy margin.

Microphenocrysts: Plagioclase (An70] 10-12%, 0.4-0.8 mm, acicular to subhedral; clinopyroxens
10-12%, 0.2 mm, euhedral to subhedral.

Groundmass: Plagioclase 10%, <0.4 mm, acicular; clinopyroxens 10%, <0.1 mm, subhedral to
anhedral; magnetite 5-10%, <0.01 mm, dust-like; glass 45-50%, altered.

Alteration: Clays and zeolite (30%) replacing glass Carb
clinopyroxens phenocrysts,

Texture: Aphyric to hyalopilitic.

4143 cm: Dolerite sill next to glassy margin,

Microphenocrysts: Plagioclase (AnS6) 20%, 0.4-0.8 mm, prismatic, spherulitic; clinopyroxene
26%, 0.2/0.5 mm, 0.2 mm preval e5, subhedral,

Groundmass: Olivine 1%, 0.2 mm, pseudomorphs; plagioclase 25%, <0.2 mm, subhedral to
euhedral, partly micro; clinopyroxene 25%, <0.1 mm, subhedral to anhedral. partly micro;
magnetite 3-5%, 0.1-0.2 mm, angular to prismatic.

Alteration: Clays and zeolites {10-18%) replacing interstitial elinopy

Texture: Intersertal to subophitic.

(6%}

and pl, |

Shiphoard Geochemistry (XAF, %): Paleomagnetism/Physical Properties:

Interval 2325w 4143cm  Interval 4244 em
50 4915 4974 NAM Intensity (102 emu/em3)

Tioz 1.26 123 NAM Ind. ()

Alz03 14.04 13.76  MOF (el -
FeO 11.25 1188  Stable Incl. (*) -
MnO . ~  Wp (kmis) 5617
MgO 6.59 673 D (g/emd) 2.972(2)
CaD 12,15 1241 P %) -
Nag0 £ Z

K20 0.25 0.04

P205 - -

Total - -

Loit 2.18 2325

FeO + MgO 1.52 1.76

CaD ¢ Alg03 0.86 090

FeO + TiOZ 892 266
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VISUAL CORE DESCRIPTION o
FOR IGNEOUS ROCKS e | site |E| come |secr.
6|1]ale|2{a] [4]1] |1

Depth: 711.0t0 7124 m

MAJOR ROCK TYPE——MASSIVE BASALT SILL (DOLERITE)
Macroscoplc Description:
Slightly fresh medium gray [NS) massive dolerite with vains of calcite plus celadonite, plus
pyrite, plus smectite. Grainsize graduslly incresses downward, from medium to slightly
coarse grain-size. Dolerite is intergranular to subophitic. Dolerite is made of mumphenocrys!s
of plagioclase and clinopyroxene, whuu ratio (pl.
It has a d
Thin Section Description:
10-12 cm: Dolerite from sill interior.
Microphenocrysts: Plagioclase (AnG5) 40%, 0,3-0.8 mm, 0.8 mm is acicular type, 0.3 mm
subhedral phenocrysts; clinopyroxene 40%,0.2-0.3 mm, subhedral, magnetite (Ti) 5%,
0.2 mm, angular.
Groundmass; Plagioclase, 5%, <0.1 mm, sul A, partly microli linopyroxens 5%,
<0.1 mm, partly microli gnetite 2%, <0.1 mm, duﬂ like, partly microlitic.
Alterstions; Clays [3-8%) and chlorite 13%] replacing interstitial plaglociase.
Texture: Intergranular to subophitic,
130133 em: Dolerite from sill intenor.
Microphenocrysts: Plagioclase (An65) 10%, 0.3-0.8 mm, acicular and also subhedral, megacrystals
{An75-80) of 2.0-2.5 mm; dlinopyroxens 10%, 0.3-0.4 mm suhhodral
Groundmass: Plagiociase 35%, < 0.2 mm, dral, mi oy 40%, <0.2 mm,
subhedral, microlitic; magnetite 4-5%, <0.2 mm, angular, um:mlmc. associated with
ancratmn trace of quartz and alkali feldspar, micropegmatite,

Y ) Il D ¥ ona.
of iocl . and Ti i

Al : G {5-10%) spots in plagiociase. Chiorite (3%) occurs within
interstitial minerals.

Texture: Intersertal to intergranular,

Shipboard Geochemistry (XRF, %): Palzomagnetism/Physical Properties:

Interval 10-12em  130-133  Interval 5153cm 115cm
cm

Siog 50.09 4984  NAM Intensity (103 emuiem3) 59

Tioz 1.23 122 NAM Incl. {*) -67.2 -

Alz03 1366 13.67 MOF (Oe.) 450 -

FeO 12.15 1216  Stable Incl. () 5B 67 -

MnO - - Vo i (kmis) - 5,880

MgO 717 724 D iglemd) - 3.00

Cad 12.04 1236 Pi% - 33

MagD - -

K20 0.04 0.04

P205 - -

Total - =

Lot 0.7 0.59

Fel + MgO 1.68 1.69

Ca0 = Al203 0.88 0.90

Fel : TiO2 0.87 9.96

9% 41IS
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE

[6[1]al6]2]a

CORE [SECT.
[o]1] [2

Depth: 7124 10 713.7m

MAJOR ROCK TYPE——MASSIVE BASALT SILL (DOLERITE)

ic Description:
Slightly altered, homogeneous, slightly coarse grain-sized, subophitic, medium gray [N5),
massive dolerite with veins. Veins are filled with calcite plus celadonite plus pyrite plus
smectite, but chlorite with pyrite is prevailing, Dolerite is the same unit as in Core 41,
Section 1.
Thin Section Description:
110-112 em: Massive dalerite from sill interior
Phenocrysts: Plagioclase 10% (AnB0-65), scicular and anhedral; clinopyroxene 10%,
~0.4 mm,
Groundmass: Plagioclase %, <0.3 mm, | to anhedral, linopy
%, <0.3 mm subhedral, microtitic; magnetite 4-6%, <0.2 mm, angular, associated with
alteration; trace of quartz and alkali feldspar, micropegmatite; trace of grean hornblende,
absorbed at margin of clinopyroxene.

Alteration: Clays {5-10% spottily replacing plagioclase. Chlorite (3-5%) also occurs interstitially,

Texture: Subophitic to intersertal,

Shipboard Geochemistry (XRF, %):

Interval 110-112 em
Si0g 50.41
TiOg 1.21
Al203 1362
FeO 170
MnO -
MgO 679
Cad 11.97
MNaz0 -
K20 0.02
P20g -
Toual =
Lot 0.67
FeO « MgOD 172
Ca0 + Aiz0a 0.88
Fel + Ti02 9,66
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

mreoT

LEG SITE CORE |SECT.

B[ fa]slz[a] Ja]1] [5

Depth: 713.7 to 7150 m

MAJOR ROCK TYPE—MASSIVE BASALT SILL (DOLERITE)

Macroscopic Description:

massive dolerite with veins. Veins are filled wiih
Hled with calcite plus celadonite plus pyrite plus

massive dolerite with veins. Veins a

smectite; however, celadonite plus pyrite veins are prevalent. Dolerite is the same unit 8s in

Core 41, Section 1.

P ism/Physical Prop

Intarval 120 em
NRM Intensity (103 emu/em3) 5.3
NAM Incl. (") =70.7
NRM Decl, 206.0
MDF (Oe.| =
Stable Incl. ") =
Vo (kmis) 5.980
D lg.'mnal 299
Pi%) 31

9% 4LIS
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE

6]1]a[6]2 [a] Ja]1] ]a

CORE |SECT.

mrox

Depth: 715.0 10 716.6m
MAJOR ROCK TYPE—MASSIVE BASALT SILL (DOLERITE)

Macroscopic Description:

L ly altered, subophitic 1o g medium gray (NS] massive dolarite with
veins. Veins are fillad with calcite plus celadonite plus pyrite plus smectite; however,
chiorite plus pyrite vains are prevalent. Dolerite is the same unit &s in Core 41, Section 1,
Grain-size decreases downward from slightly coarse to medium. Microphenecrysts of
phagioclsse are less common in the upper part of the section than in the lower part.
Dolerite is sparsely 1o spotied altered to clay (zealite).

Thin Section Description:

B0-B2 em: Massive dolerite from sill interior,

Microphenocrysts: Plagioclase (AnG0) 5-6%, 0.4-0.8 mm, subhedral; clinopyroxene 5-8%,
0.4 mm, subhedral to anhedral; magnetite (Til 1%, 0.8-1.0 mm, skelatal, associated
with green hornblende.

Groundmass: Plagioclase 40%, < 0.3 mm, subhedral, microlite; clinopyroxene 40%, <0.3 mm,
subhadral, microlite; magnetite 5-6%, <0.3 mm, skeletal and dust-like, asociated with
alteration; trace of quartz and alkali feldspar, micropegmatite; trace of green hornblende,

Alteration: Clays (5-10%] and chlorite [3-5%) replacing spots of plagiociase.

Texture: Subophlitic 1o intergranular,

Shipboard Geochemistry (XRF, %): Paleomagnetism/Physical Properties:
Interval B0-82 cm Interval 103 em
Si02 50.04 NAM Intensity (10°3 gmu/em3) 5.1
TiOz 1.21 MRM Decl. 300
Alz03 13.64 NAM Ingl. (*) -732
FeO 1.08 MDF (Oe.) 40.0
MnO - Stable Incl. {*) -67.2
Mg 7.36 Vp i tkm/s =
Cs0 12.04 0 (a/em) -
Mag0 P (%)

K20 0.05

Pa0g —

Total ~

LOI 0.70

FeO + MgO 1,50

Ca ¢ Alg03 088

Fe | TiOp 2.16

o3
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE

sl1]ale]2]a] Ja[1] [s

CORE |SECT.

Depth: 716510 7174 m
MAJOR ROCK TYPE—MASSIVE BASALT SILL (DOLERITE)

Macroscopic Description:
Slightly altersd, homaogeneous medium grain-size, intergranular to intersertal, medium gray
(NS) massive dolarite. Dolerite is the same unit &s in Core 41, Saction 1.

Thin Section Deseription:

78-80 cm: Massive dolerite from sill interior.

Microphenocrysts: Plagioclase (An55-60) 10-13%, 0,5-1.0 mm, subhedral, partly phenocrysts;
dinopyroxens 10%, 0.4-0.5 mm, subhedral; magnetite (Ti) 1-2%, 0.4 mm, sheletal,

Groundmass: Plagiociswss 35%, < 0.4 mm, subhedral, microlite; clinopyroxens 35%, <0.3 mm,
subhedral to anhedral, microlite; magnetite 5-8%, <0.2 mm; trace of guartz and alkall
teldspar, micropegmatite; trace of green and brown homblende.

Alteration: Clays (10-15%) and chiorite (3-5%) replacing spots of plagioclass.

Texture: Subophitic to intergranular.

Shipboard Geochemistry (XRF, %): Palsomagnetism/Physical Properties:

Interval 7880 cm Interval B8cm B0-82 cm
5i02 50.28 NAM Intensity 1102 emu/em3) 58 =
TiDz 119 MNAM Decl, 69.0 -
Al203 1301 MRM Incl, () 774 -
FeO 11.04 MDF [On.) 30.0 -
MnO - Stable Inci, {*) —48.47 -
Mgl 7.35 Vi i {kmis} - 5002
Ca0 12.08 D (g/em3) - 298
MNa0 P (%) v= 27
K20 0.09

Pp0g -

Total

Lol 1.893

FeO « MgO 1.50

CaD + Alg0g 0.87

FeQ : TiD2 927

9% LIS
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE

6[1]a]s]z [a

CORE |SECT.

{a]1] 6

Depth: 716.5t0 7179 m

MAJOR ROCK TYPE-—MASSIVE BASALT SILL (DOLERITE}

Macroscopic Description:
Medium gray (N5) massive dolerite sill with veins. Veins are filled with calcite plus  celadonite
plus pyrite plus smectite.
From 0.0-121 cm (Pieces 1A-1B), basalt has a grain-size decreasing downward from slightly
coarse to medium, and is subophitic 10 intergranular. Pleces 1A-18 are moderately to dightly
altered. From 120.0-140.0 cm (Piece 1C), basalt has a badly altered surface (chiorite, zeolite,
and pyrite) and thus the basalt's grain-size is not apparent.
Thin Section Description:
8092 em: Subophitic dolerite from sill interior.
Microphenocrysts: Plagioclase [AnS5-70) 15-20%, 0.5.0.8 mm, subhedral, partly phenocryst;
clinopyroxens 8-10%, 0.5-0.7 mm, subhedral; magnetite (Ti) 2-4%, 0.4 mm, skeletal,
Groundmass: Olivine 1-2%, 0.2 mm; plagioclase 30%, <0.4 mm, subhedral, microlite;
clinopyroxena 30%, <0.4 mm, subhedral, microlite; mognetite 5-8%, <0.2 mm, skeletal;
trace of quartz and alkal feldspar micropegmatite; trace of apatite, and brown homblende.
Alteration: Clays and zeolites (5-10%) replacing spots in plagioclase. Chlarite (3-5%)
placing spots in plagi and ¢l
Texture: Subophitic to intergranular,

Shipboard Geochemistry (XRF, %}: Paleomagnetism/Physical Properties:

Interval 100-102 em Interval 42cm 98 em
5i02 50.46 NRM Intansity (10°3 gmu/em3) 57 46
Tio2 1.22 NAM Decl. 3500 1840
Alz03 13.24 NRM Incl, [*) -574 -616
Fel 1141 MDF {Oe.) 30.0 -
MnO - Stable Incl. {7} =361 -
Mg0 7.03 Vo (kmis) - -
a0 11.83 D to/em?) - -
Naz0 = P (%) 5 =
K20 0.32

P205 -

Totsl B

LOIt 1.03

FeQ + MgQ 162

Ca0 = Alz03 0.89

FeO + TiD2 9.35

0 —
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VISUAL CORE DESCRIPTION ¢
FOR IGNEOUS ROCKS e | sire || core |sect.
6|1]ale]z ]a] [a[1] |7
Ihp“‘;

MAJOR ROCK TYPE-—MASSIVE BASALT SILL (DOLERITE] AND VOLCANICLASTICS

Macroscopic Deseription:

Slightly altered, medium gray (N5} dolerite with veins. Veins are filled with calcite plus
celadonite plus pyrite plus smectite, with chlorite plus pyrite veins prevailing,

From 0.0 105.0 cm, the dolerite has a medium to coarse grain-size with grain-size decreasing
downward, Daolerite is aphyric and slightly clinopyroxene-phyric with a few spots of alteration
to clay. Contact of basalt and sediment at 106.0 em.

Thin Section Description:
96-99 ¢m: Basalt from glassy margin of sill,

Micraphenocrysts: Olivine 1-2%, 0.2 mm, pseudomaorphs; plagioclase (AnB5) 3-6%, 0.5-1.5 mm,

acicular; clinopyroxene 1%, 0.5 mm, subhedral to eubedral

Groundmass: Plagioclase 20%, < 0.4 mm, acicular, partly microlite; clinopyroxene 10-15%,
<0.3 mm, subhedral, partly microlite; ghass 50%, altered to clay; magnetite 5.6%, <0.1 mm,
dust-like, secondary (7).

Alteration: Clays and zeolites [35-40%! replacing interstitial glass, clinopyroxens, and
Magiociase

Texture: Hyalopilitic to aphyric

Shipboard Geochemistry (XRF, %): Paleomagnetism/Physical Properties:

Interval 9693 cm  106-102 Interval B4 cm  T0E-110 em
cm

5i07 49,80 4946  NRM Intensity (102 emu/em3) 4.4 -

Tioz2 1.23 0.72  NRM Decl. 189.0 —

Alz03 13.83 11.60  NRMincl (*) -51.3 -

FeD 11.67 14.18  MDF [Qe.) 0.0 -

MnO - - Stable Incl. (7} ~322 xi

MgQ 6.69 1132 Vpa lkmis) - 2,829

Ca0 1.75 506 D (gfem3) - 218

Naz0 - P (%) - 38.7

K20 0.04 0.56

P305 - -

Total = -

LOIt 051 4.92

Fel « MgD 197 1.25

Ca0 + Al203 0.85 043

Fe0 = TiOg2 948 18.70

79t LIS
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SITE 462 HOLE A CORE 41 CORED INTERVAL: 711.0 to 720.0 m SITE 462 HOLE A CORE 43 CORED INTERVAL: 723.0 10 729.0 m
BIOSTR. | FOSSIL BIOSTR. | FOSSIL
ZONE  |[CHARACT. wl> ZONE  |[CHARACT wl=
P P Je
= RAPHIC = GRAPHIC (=1
w ‘Eg w a £ | | iTHOLOGY §‘u LITHOLOGIC DESCRIPTION w g g g 2 E w [ FHoLoGy g_g = ?ﬂ LITHOLOGIC DESCRIPTION
"’qgm HEIE = g Zlw|g |2 W oW =3|=5| 2]
<15 138|5|2|2|%| 2l HEHHEEKS HEE
2 |1Z|Z|2|Z|= g 222|222 e
7 0.0 to 1.0 m: Basslt is described i detail in the “Visual Cors 0.010 395 m: Primarily a saries of gram-ikee graded (coarier At base)
- Duseription of Igneoun Rook™. Bl — el tigple-bedded greenish-black (5GY 2/1) VOLCANICLASTIC
e 1.0 10 2.06 m: Groenish gray 1o dark greenich gray [5G 8/1 1o 4/1) . SANDSTONES 1o SILTSTONES, Some olive black (5Y 2/1)
! BASALT CLAYSTONE contining M-K.ﬂl MAGNETIC SPHERULES CLAYSTONE layers. 2-3 om thick. Some grayish-brown (BYR 3/2),
21 7 close 10 the sediment basalt cantact. Thiss spherules light graenish-gray (5G 8/1) ane dusky biue [5P8 377] CLAYSTONE
-1 decteme bn vize, but ncreme in number downward away from 1his con- laminae prosant locally.
7 taet until the bassl parts of the sediment are sand- and siltsized. Noar
™~ the basalt contact they are subvertical chionite-reclite vein. ‘ SMEAR SLIDE 1%}
D 2 SMEAR SLIDE 1% £ ' i £ i g
H H E ] :
Ll : ; g
o 8 8 8 - i. - 32 3£ 3% 3
8 TEXTURE AND 7130 7142 B9 B840 ! E 142 AR E LR 2947
: MINERALS oy LU o1 E 2 MINERALS o) o o} o)
Chay 99 94 oy o5 2 w Clay (= 49 &7 mn
Feldspar ke % i 3 2 = i Hoavy minarals ¥ = L
Heavy minerals T T T - T Volcamic glass W s W
Opsques. - - 1 2 DOpague 1 1 3 -
Megnetic spharules =5 1 - =] | «
Pyrita 1
Unspacified » 5 = = o
"Acicular intergrowth with clay particles |
SITE 462 HOLE A CORE a2 CORED INTERVAL: 7200 to 723.0 m
BIOSTH. FOSSIL
ZONE  |[CHARACT wl>
gle HEE
X5 GRAPHIC ESCRIP
w e § @ § E # | LiThoLogy g g‘“ LITHOLOGIC DESCRIPTION
o |2 ok w| W
HHEHHEEE &
S e
0,010 1.2 m: Moutly greenish-black {55 2/1] ZEOLITIC
=|—|FPr " VOLCANICLASTIC SANDSTONE to SILTSTONE, with levels with
”~ g | lep - rounclod elasts and inerbeds of grayish-black (N2) CLAYSTONES,
g l—|Fr Top 30 em sre deformed, siumpsd, cross- snd horizontally-beddsd
1 i o2h ] olive biack (Y 2/1] CLAYSTONE.
151w 2.9 m: Greenish-black [5G 2/1) SANDSTONE with lavels of
rounded clasts.
SMEAR SLIDE (%)
il N
-{-|- I T
e gi i &I
2 2 >3 =3
136 142 L w7 2908
i MINERALS (1] ] (-] ™My o
Clay 3 e ] &0 0
Heavy minerals <1 o= Tr Te Tr
Volconie glas o =1 2 B0 a0
- Zeolite 60 - 40 ? -
= Carbonate unsp, - = - Tr
o Fish remaim Tr = - Tr
el *Altered to clay
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VISUAL CORE DESCRIPTION v
FOR IGNEOUS ROCKS LEG SITE |g| CORE [SECT.
6|1 |ale]z|a] Ja]a] |1

Depth: 728.0 to 730.5m

MAJOR ROCK TYPE-—BASALT

Macroscopic Description:

Thres basalt units occur. These units may be sills with crenulated margins or pillows.
Unit 1 occurs from 8.0-34.0 em; glassy (9.0-10.0 em) and fine grain-sized 19.0-34.0 cm basalt.
Unit 2 occurs from 35.0-84.0 cm; glassy (33.0-34.0 cm), fine grain-sized (34.0-63.0 cm, and
glassy (63.0-64.0 cm) basalt.
Unit 3 occurs from 66.0-148.0 cm; glassy (66.0-68.0 cm), fine grain-sized (68,0-146,0 cm],
and glassy {146.0-148.0 cm) basalt.

The above units have clayey altered spots and glass is partly altered to chlorite.

Near the glassy margins are drusy and ruggy quartz in small sp Thae units

have & few clinopyroxene phenocrysts [3-4%) with a variably glassy and holocrystalline matrix

of plagioclase, elinopyroxene, and opaque minerals,

Thin Section Description:

37-39 cm: Altered glassy basalt from glassy margin,

Phenocrysts: Olivine 2%, 0.1-0.6 mm, pseudomorphs; plagioclase (AnS5) 2%, 0.2.0.5 mm;

spinel < 1%, <0.02 mm, i in olivine
Groundmass: Plagioclase 3%, <0.05 mm, skeletal, microlite, and crystallite; magnetite (Ti)
3%, <0.002 mm, dust-like; glass 90%, spherulitic, variolitic; trace amphibole replacing

olivine.

Alteravion; Clays {var, %) replacing glass, olivine, and plagioclase. Zeolite {var, %) replacing
olivine and plagioclase groundmass, and occurs in veins.

Textura: Glassy to variolitic.

128130 em: Olivine-plagicclase, fine grainsized basalt from pillow/sill interior.

Phenoerysts: Olivine 3%, 0.2-0.5 mm, pseudomorphs; plagioclass (An58 zoned to An30),
clinopyroxene {augite) 1%, <0.08 mm; spinel {picatite?), incl in olivine phs.

Groundmass: Plagioclase 27%, quench microlites, erystallites, etc,; cli 50%, quench
crystals in groundmass; magnetite (Ti) trace, <0.0125 mm; quartz <2%, secondary, replacing
groundmass; amphibole trace, fibrous, brown, replacing olivine,

Alteration: Clays (15%) replacing glass, olivine, plagioclase and in veins, Zeolites and quartz

il and

olivine, ioch
Texture: Hyalopilitic.
Shipboard Geochemistry (XRF, %): Pal ism/Physical Py i
Interval 128130 em Interval 02 1517 52

om om cm

5i09 49.05 NAM Intensity (103 emu/em3 ) 74
TiDg 0., NRM Decl, - - 287.0
Alz03 1383 NRM Inel. (") - - -42.9
FeD 10.68 MDF (Oe,) —  — 1080
MnO - Stable Incl, (*) 1 - —430
Mg0 7.92 Vp i (kmis) 2072 4876 -
Cal 12.62 D (glem®) ~ 298 ~
Nag0 L P (%) = 20 =
K20 0.02
Pa0g - 1 Claystone
Total -
Lon 032
FeO + MgO 1.34
Ca0 + Alz03 0.91
FeO : TiO2 11.74
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE

6]1]als]z |a

CORE |SECT.
lals] o

Depth: 730510 7320m

MAJOR ROCK TYPE——BASALT

Macroscopic Description:

Two basalt units {Units 4 and 5), These units may be sills with crenulated margins or pillows,
Unit 4 occurs from 0.0~80.0 cm; glassy basalt portions are from 0.0-37.0 em and a fine

size basalt from 37.0-80.0 em.

Unit 4 occurs from 80.0-150(7) em; glessy basalt portion from ~81.0-83.0 cm and a fine

grain-size basalt from 83.0 to about 135,07} cm (fragments to 1507 em) where gluss (2 em)

occurs on one of the pieces near the bottom of the section.

Thin Section Description:

27-30 em: Altered glassy basalt from glassy margin.

Phenocrysts: Olivine 3%, 0.2-0.4 mm, phs,
euhedral; spinel < 1%, <0.03 mm, incl in oliving

Groundmass: Plagioclase 5%, < 0,01 mm, skeletal crystals and crystallites; magnetite (Ti) <0.002
mm, dust-like, in variglitic zone; glass 90%, mostly replaced by clay, some variolitic; amphibole,
secondary, fibrous brown, replacing cores of aliving

Alteration: Brown clays (51%) replecing glass and olivine. Zeolites replacing glass and plagiociase
and also occurs as veins.

Texture: Glassy to variolitic

5356 em: Fine grain-sized basalt pillow interior.

Phenocrysts: Olivine < 1%, < 0.2 mm, pseudomorphs; plagioclase (An73-75) 2%, <0.3 mm, patchy
distribution; clinopyroxene (augitel 3%, <0.1 mm, sector zoned microphenocrysts; spinel
< 1%, <0.03 mm, inclusions in pseudomorphs.

Groundmass: Plagioclase 30%, <0,5 mm, skeletal laths; clinopyroxene 55%, microlites and quench
sprays; magnetite [Til 10%, < 0,02 mm, dust-like

Alteration; Clays (5-10%) and chlorite {3%) replacing pyraxene, plagioclase and olvine groundmass,

Texture: Intersertal,

106-107 em: Altered glassy basalt from pillow interior.

Phenocrysts: Olivine 1%, 0.1-0.2 mm, pseudomorphs; plagioclase (An75) 5%, up 10 0.5 mm,
skeletal, euhedral; spinel < 1%, < 0.03 mm, incl in olivine d .

Groundmass: Plagiociasa 30%, fine quench texture; clinopyroxens 43%, fine quench texiure;
magnetita (Ti) 15%, <0.02 mm; glass {5-10%), mostly replaced.

Alteration; Clays [15%) and zeolites {5%) replacing groundmass glass and crystals, and zeolites
also occur inveins. Chilorite {1%) replacing plagioclase phenocrysts.

Shipboard Geochemistry (XRF, %):  Pal i

"hysical Prop

Interval 79em 79cm Interval 74 em
5i02 50.85 NAM Intensity (10°3 emu/em3) 78
Tioz 0.96 NRM Ducl, 287.0
AlzOs 13.47 NAM Incl. ("} -49.9
FeD 12.86 MODF {(Qe.} 105.0
MnQ - Stable Incl. ("} —43.0
Mg 793 Vi lkmis) -
Cal 6.66 D (glem3d) =
Naz0 - P %] -
K20 074

P20 =

Lol 746

FeO + MgO 162

Ca0 = Alg03 0.49

FeO - TiDg 1339

‘ 1AnBO} 2%, 0.2-0.5 mm,

9% 4.LIS
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VISUAL CORE DESCRIPTION E E E £ o g VISUAL CORE DESCRIPTION L
FOR IGNEOUS ROCKS LEG | SITE |g| CORE |SECT. 2 sf = 3 23 FOR IGNEOUS ROCKS LEG | SITE |g| CORE [SECT.
€L E 8 £ 3
6|1]ale|2]a] [4]a] |3 w £ BE5E 23 6]1 |ale]2 [a] |a[s] |1
[i] —
Depth: 732.0 to 7335 m ] & | Depth: 733.0 10 7345 m
MAJOR AOCK TYPE—BASALT 14 4 X MAJOR ROCK TYPE——BASALT SILL
-]
Macroscopic Description: T| li Macroscopic Description:
The basalt {Unit 8} may be a sill with crenulated margins or pillows. Unit 8 occurs from From 0.0-40.0 cm and 92.0-150.0 cm there is fine-grained, stightly phyric, plagioclase pius
0.0-76.0(7) cm. Pieces of glassy basalt oceur in 0.0-14.0 cm, and fine grain-sized basalt l caladonite-clay-pyrite veins, From 40.0-97.0 cm the basalt has a coarser grain-size and is more
occurs from 14.0.76.0 cm, Below 76.0 cm, all pieces [Piece B) are Core-Catcher samples Py chiorite-clay-pyrite veins. From 40.0-87.0 em the basalt has a coarser grainsize and is more
whosa orl ion and stratigraphic position are unh J 1B A crystalline phyric. There are no glassy spots.. From 49.0-51.0 cm thare is # vein of coarse
01 (3.0-4.0 mm}, crystals like pi pale greenish zeolite (phillipsi
Physical Properties: Thin Section Description:
Interval 138141 cm 1214 em: Fine grainsized basalt from sill interior below pillow complex
Vi o tkm/s) 5502 Phenocrysts: Plagioclase 4%, <0,2 mm, clay-amphibole pseudomorphs; dinopyroxens {augite)
D {afem3) 295 <1%. 0.5 mm, a single coarse phenocryst; spinel < 1%, <0.02 mm, inclusion in alivine
P (%) 35 = mseudomorphs
2 ‘ Groundmass: Plagioclase [An70] 12%, 1.0 mm long; skeletal and acicular laths; clinopyroxens
'1 ;3 59%, spinitex textured sprays; magnetite (Ti) 15%, <0.02 mm,
[ Vesicles: May be small vesicles (< 1%) filled with calcite
50— * Alteration: Carbonate {1%) invugs and replacing groundmass. Brown clay (10%) replacing
A 34 s groundmass and plagloclase and olivine phenocrysts.
Texture: Spinitex parphyry.
Shipboard Geochemistry (XRF, %): F i hysical Properti
Intarval 7-8em Interval 107 em 105107 om
Si0g 50.73 NAM Intensity (10°3 emu/ecm3) 4.8 =
TiOg 093 MNRM Decl. 267.0
AlaOa 14.30 NAM Inct, (*] -46.8
1 Fel 10.73 MDF (O} 80.0 =
* MnO - Stable Incl, (") —343 -
l MgO 167 Vp i tkmfs} i 5771
t Ca0 12,38 D {glem3) - 2,92
i MNagD - P %) an
Ka0 o.m
P205 -
Total =
LOIT 081
Fel + MgQ 1,39
Ca0 + Al303 0.86
FeD + TiDz 11.53
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Depth: 734510 7358 m
MAJOR ROCK TYPE——BASALT SILL

Macroscopic Description:

From 0.040.0 cm, and 100.0-130.0 cm, there is fine grainsized phyric basalts identical 1o those

from the 0.0-40.0 cm interval of the previous section (45-1). From 40.0-100.0 cm, there is o

coarser grain-size and more crystalline phyric basalts, which are identical 10 those from the

40.0-92.0 om interval of the previous saction. |n general, veins are calcite, celadonite, clay, and

pyrite.

Thin Section Description:

14-17 em: Fine grain-sized basalt from flow interior (below pillow part).

Phenocrysts: Olivine 5%, pseudomorphs {0.3-0.5 mm); plagioclase (An72-75) 4%, 0.2-0.5 mm,

Groundmass: Plagioclase {An72}, 0.6 mm, skeletal and acicular; clinopyroxens 81%, quench
texture, sprays and needles; magnetite (Ti} 10%, < 0.005 mm, dust-like; amphibole replacing
cores of olivine crystals.

Altgravion: Brown clays (6%} and chlorite [trace) replacing groundmass.

Texture: Spinifex 1o spherulitic.

Representation

i
E
E
7

Graphic

3A

B1-63 cm: Fine grain-sized basalt from sill interior. ]
Phenacrysts: Olivine trace, unclear pseudomorphs; plagiociase (An70), trace, <0.5 mm, subbedral, i
corroded.
Groundmass: Plagioclase 30%, <0.3 mm, long acicular laths; clinopyroxene {augite] 50%, -
<01 mm; magnetite (Ti) 10%, <0.1 mm; amphibele [trace), replacing olivine.
Alteration: Brown clays {10%) replacing clinopyroxene; chlorite (trace) replacing olivine. .
Texture: Equigranular,
122124 em: Fine grain-sized basalt from sill interior. -
Phenoerysts: Olivine 3%, <0.05 mm, i {elay and ibolel; plagioclase (An75]
3%, <0.4 mm, euhedral, oscillatory zoning: spinel < 1%, <0.003 mm, Inclusions in olivine. -
Groundmass: Plagioclase (An76) 15%, < 0.5 mm, acicular laths and skeletal crystals; clinopyroxens
B4%, tiny spinifex-like growths and sprays; magnetite [Til 10%, <0.04 mm, dust-like; -1
amphibole, brown replacing olivine.
Alteration: Brown clay (5%) replacing pyroxene, -1
Texture: Spinifex-like intergrowth, —_
Shipboard Geochemistry (XRF, %): Paleomagnetism,Physical Properties: )
Intarval 1417 em Intarval 115 em 7
Si0g 49.26 NAM Intensity 1103 emu/em3) 5.4
Tiog 095 NAM Degl. 149.0 100—
Alp03 14.46 NRM incl. *] -428 |
FeO 11.02 MDF [De.] 85.0
MnO - Stable Incl, (*) -33.2 -
MoO 7.70 Vo (kmfs) -
Ca0 1283 D iglem3) i
MNaz0 - P (%) -
Kz0 D3 -
P205 =
Total -1
Lot 0.26
FeO + MgD 143 ]
Ca0 + Al203 088
Fe0 < TiDg 11.60 7
160 -

-m=  Orlentation

Shipboard Studies

Special Storage

| Alteration

VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE CORE |SECT.

6]1[alelz [a] [a]s] [a

Depth: 7358 to 7360 m

mrrox

MAJOR ROCK TYPE--—BASALT SILL

Macroscopic Description:
From 0.0-110.0 cm, there are medium grain-sized, slightly phyric basalts without glassy spots.

They are more crystalline than the middle of the previous section. Veins are calcite-celadonite-

clay-pyrite,

Thin Section Description:

50-52 em: Altered fine grain-sized basalt from sill intenior,

Phenocrysts: Olivine 2%, 0.3-0.5 mm, pseudomorphs, plagioclase {AnB57) 2%, 0.2-0.4 mm,
corroded; spinel « 1%, <0.003 mm, small inclusions in olivine,

Groundmass: Plagloclase (AnB8) 25%, <0.2 mm, tabular and skeletal laths; clinopyroxene
51%, <0.1 mm, quench and granular; magnatite (Til 5%, <0.04 mm, euhedral,

Vesicles: Vesicles are < 1%; one vesicle is egg-shaped, 0.4 mm in diameter, and is empty,

Alteration: Brown clays {15%) in patches, replacing all minerals.

Texwire: Equigranular

Shipboard Geochemistry (XRF, %): Physical Properties:

Interval 50-52 cm Interval 46 em
5i0g 50.02 Vp 1| tkmis) 5.903
Tioz 083 D lgfem?) 295
Ala03 14.20 P (%) 21
FeO .70

MnO -

MgO 756

Cal 12.50

MNag0 -

K20 0.008

P20g -

Total -

LOIt 0.66

FeO + MgD 1.4

Ca0 + AlsO3 0.88

Fel = TiO2 11.50

9% dLIS
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SITE 462 HOLE A CORE 46 CORED INTERVAL: 738.0 to 749.0 m
BIOSTR. | FOSSIL
ZONE '~ |[CHARACT. 2
gl e HEH
= GRAPHIC [}
w g § g § 5 E ieiasy a g %u LITHOLOGIC DESCRIPTION
< |8 |5/8|5(3/8]% =
2 [Z|2|2|2|3 e
c B |—[CP . g
5 - 0.0 80 0.03 m: Medium dark gray (N4] ZEOLITIC
E M 5 VOLCANICLASTIC SILTSTONE.
é = 05| BASALT 0.03 m and below s basalt which it deseribed in "Wiwal Core
§ - Description of Ignecus Rock™,
L B P 1 n
H 2 . SMEAR SLIDE (%)
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE

6|1lale]2 |a] [a]s] |1

CORE |SECT.

Depth: 738.0 10 7393 m
MAJOR ROCK TYPE——BASALT SILL

Macroscopic Description:

Moderately 1o badly altered massive dolerite sill with veins of celadonite and pyrite (sas

in graphic presentation). From 0.0-2.0 em is sediment which {4 described in detail in the
Sedimentary Core Deseriptions, From 5.0-67.0 em (Piece 1C), the basalt grain-size

increases from fine 1o slightly medium and the basalt is hyalopilitic to intersertal. A distinct
upper chilled margin was not found. Mi h ysts of cli are often altered to
clay minerals and groundmass also appears to be badly altered. In the groundmass, acicular

grains oceur. The medium light gray (N5) basalt of h ysts of cfii and
a small amount of plagi and of linopy , mag . anel
glass,

From 67.0-131.0 cm, the medium gray (N5} basalt is medium grain-sized and is intersertal
o i granular. C. i i are the same as from 5.0-67.0 cm interval, except
there is no glass.

Thin Section Description:

20-22 em: Fine grain-sized basalt from il interior.

Phenocrysts: Olivine 3%, 0.3-0.5 mm, pseudomorphs; plagioclase {An68) 2%, 0.2-0.8 mm,
eunedral and corroded; spinel < 1%, <0.003 mm, inclusions in olivine.

Groundmass: Plagioclase |An70) 25%, 0.1-0.6 mm, bladed and skeletal laths; clinopyroxens
laugite) 45%, <0.2 mm, granular and guench; magnetite (Ti) 10%, <0.04 mm.

Alreration: Brown clays [ 15%) replacing clinopy lagioclase, olivine and magnetite,

Texture: Equigranular.

Palsomagnetism/Physical Properties:

Interval 33em 118-121em
NRM Intensity (103 emu/em3] 4.6 =
NAM Decl, 1420 -
NAM Inch. (") —68.8 -
MDF (Oe) 35.0 -
Stable Incl. (*) -33.2r -

Ve (kmis) - 5.976

D (g/em) - 2.93

P (%} - 23

Piece Number
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE

6[1]ale]2|a] [a]6] |2

CORE |SECT.

Dapth: 739.3 to 7406 m
MAJOR ROCK TYPE——BASALT SILL

Macroscopic Description:

Moderately to badly altered, slightly medium to medium grain-sized massive dolerite sill

It is the same unit &s in Core 46, Section 1. The basalt has the same basic constituent

minerals as in Core 46, Section 1, and is intersertal to intergranular. Veins are celadonite

plus pyrite,

Thin Section Description:

78-80 cm: Fine grain-sized basalt from sill interior.

Phenocrysts; Olivine 5%, 0.2-0.4 mm, partly pseudomaorphs; plagioclase {AnBB) 10%,
0.3-0.6 mm; spinel < 1%, 0.003 mm, inclusions in olivine.

Groundmass: Plagioclase (An65.70) 20%, <0.1 m, laths; clinopyroxene {augite) 40%,
<0.1 mm, granular; magnetite (Ti] 10%, <0.08 mm.

Alteration: Brown clay {15%) replacing clinopyroxene, olivine, and plagiociase.

Texture: Equigranular.

Shipboard Geochemistry (XRF, %): P ism/Physical Properti
Interval 6163 7224 122 Interval B9cm 112714 cm

em em 124

cm

5i02 48.93 5039 40.50  NRM Intensity (10°F emu/em3) 6.8
TiO2 093 090 085 NRM Deel, 1730 -
Alg03 14,50 14.31 14.37  NRM Incl. [") -60.3 -
FeO 1015 10.88 9.92 MOF (Oe) 55.0 -
MO = - —  Stable Inct, (°} ~27.0 -
Mg 796 BO7 688 Vp lkmish - 6.089
Ca0 1267 1265 1182 D jgfem3) 2.94
Naz0 - - - Pi% - 1.9
K20 0.006 0.007 0.008
P205 -
Total - - -
Lot 062 096 065
FeO + MgO 127 134 144

CaD = Al203 ~ 086 087 082
FeQ + TiD2 10,91 12.08 11.67

9% LIS
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Depth: 7406 ta 7419 m = L/ Depth: 741.9 to 7433 m
MAJOR ROCK TYPE—BASALT SILL Q / MAJOR ROCK TYPE——BASALT SILL
* 1A
Macroscopic Description: V,D,P Macroscopic Description:
Moderataly altered, slightly medium 1o medium grain-sized, massive dolerite sill, N / Moderately altered massive dolerite sill with veins of pyrite plus celadonite. It s the same
It is the same unit as in Core 46, Section 2. 1t has the same mineral constituents and is / unit as in Core 48, Section 3.
Intersertal to intergranular. Veins are pyrite plus celadonite, i — / From 0.0:71,0 cm it hes a slightly medium to medium grain-size and is intersertal to intergranular,
2 e It has the same constituent minerals as Core 48, Section 1. From 71.0-140.0 cm, basalt has a
M/J medium 1o slightly coarse grain-size and is intergranular to subophitic. This basalt is made of
o microphenocrysts to phenocrysts of cli lagioc! and ite {7}, and mi
/ of clinopyroxene, plagioclase, and magnetite
1 Thin Section Description:
/ 111-114 cm: Basalt from sill interior.
‘ 1 / Phenocrysts: Olivine 10%, 0.3-0.5 mm, pseudomorphs; plagiociase (An75) 2%, 0.2.0.4 mm;
clinopyroxene {augite) 5%, 0.1-0.2 mm, microphenocrysts; spinel < 1%, <0.003 mm,
-1 1 N .

in alivine psawd g

Groundmass: Plagioclase (~An70) 25%, 0.2-0.4 mm, subhedral |aths; clinopyroxene (sugite)
35%, 0.1-0.2 mm, granular and subhedral; magnetite (Ti) 8%, <0.08 mm.

Alteration: Brown clays {15%) in patches replacing rock and also occurs in veins,

Texture! Intersertal and intergranular.

Shipboard Geochemistry (XRF, %): Paleomagnetism/Physical Properties:

interval 118120 cm Interval 28em  1315cm
5i0p 49,08 NRM Intensity {103 emu/em3} 6.3 -
TiOg 0.90 NAM Decl. 3420 -
Alg03 14.10 MRM Incl. °) 688 -
FeQ 10.75 MDF [De.) 50.0 -
MnQ - Stable Incl. (%) —56.0 -
MO 7.38 Vp i (kmis) - 6.068
Cad 12.65 D (glem3) 2.85
Nag0 = P %) - 1.8
K20 0.003
j P20s =
Total -
Lot 0.85
* 100—] 24, FeO + MgO 1.45
Ca0 = Alg03 0.89
. Fel « TiD2 11.84
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E

FOR IGNEQOUS ROCKS LEG | SITE CORE |SECT.

6|1 4;B|2A |4IB |5

Depth: 743.3 to 7446 m
MAJOR ROCK TYPE—-BASALT SILL

Macroscopic Description:
Maoderately altered massive dalerite sill with veins of pyrite plus celodonite. Same mineral
constituents as 461 and 46-4. 1t is the same unit as in 46-4.

From 0.0-130.0 cm, the basalt grain-size decreases from slightly coarse to fine. Piece 6
{121-130 em} may be near a contact with sediment, although a distinct chilled margin is not
found.

Thin Section Description:

9092 cm: Fine grain-sized basalt from sill margin zone.

Phenocrysts: Olivine 4%, 0.1-0.2 mm, pseudomarphs; plagiociase {An70) 3%, 0.2-03 mm,
subhedral; spinel < 1%, <0.02 mm, i fns in olivine p phs.

Groundmass: Plagioclase (An70) 15%, 0.3-0.5 mm, thin acicular laths; clinopyroxens 68%,
guench and very fine granules; magnatite (Ti) 10%, <0.07 mm; glass 5%, altered 1o smectite;
amphibole replacing olivine,

Alteration: Brown clays (6%) i inop: . plagl

Texture: Mixed hyalopilitic and intersartal.

olivine, and glass.

Paleomagnetism/Physical Properties:

Interval 123em  BO-B3cm
NRM Intensity {10°3 emu/cm3) 5.0 -
NRM Decl 61.0 -
NAM Incl. (") 385

MDF [Oe.i 120.0 -
Stable Incl. ("} -1

Vp u (km/s) - 5,332
D (glem3) u 2.89
P (%) s 48

cm
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE CORE |SECT.

61]af6]2 [a] [4]7] 1

Depth: 747.0 to 7485 m

MAJOR ROCK TYPE—BASALT

ic Description:

Slightly altered basalt with abundant veins of pyrite plus celadonite plus clay. Thare are

= 3-4% small clinopyroxens phenocrysts (0.2-0.4 mm) in the groundmass which varies from

glassy to variolitic to equigranular,

Glassy margins are up to 13 mm thick and are very abundant. Textures of the interior

crystalling portion is spotied and Some clay al Is visible as spots

on cut surfaces. Zeolites (phillipsite) are F ly i with glass.

Thin Section Deseription:

88-90 em: Contect of variolitic basalt and glassy basalt

Microphenocrysts: Oliving (trace), 0.7 mm, euhedral sltered to orange brown clay; trace of
plagioclise

Groundmass: Olivine trace, ~ 0,04 mm, equidimensional only in glass basalt; glass 95%,
mesostasis, altered; plagioclase ~5%; <0.01 mm,

Alteration: Carbonate (trace) replecing olivine. Reddish brown clays [95%) in mesostasis
replacing palagonite and olivine,

Texture: Variolitic and vitrophyric.

Shipboard Geochemistry (XRF, %): Paleomagnetism/Physical Properties:

Interval B8-89 cm Interval 140 em 5861 cm
Si0g 49,26 NRM Intensity (109 emufem®) 65 -
TiD2 0.92 NAM Decl, 53.0 -
Al203 14.15 NRM Incl, ("} -39.0

FeD 10.92 MDF [On.) 850 -
MnQ - Stable Incl. (") =310 -
Mg 7.79 Voo (kmis) - 5513
€a0 181 D (glem®) 2.89
MNaz0 - P (%) - 6.3
K20 0137

P205

Total =

LOI 187

Fel + MgQ 1.40

Ca0 : Alz03 0.83

FeO + TiD2 11.86

9 91IS
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FOR IGNEOUS ROCKS LEG | SITE

6|1]ale|2 [a] [a]7] |2

CORE |SECT.

Depth: 7485 to 760.0 m
MAJOR ROCK TYPE-—BASALT

Macroscopic Deseription:

Slightly altered basalt with abundant veins of pyrite plus esladonite plus clay. There are
~3-4% of small clinopyroxene phenocrysts (0.2-0.4 mm) in the groundmass, which varies
from glessy to variolitic, to equigranular, Glassy margins are up to 13 mm thick, but are less
abundant than the Core 47, Section 2 unit,

Textures of the interior crystalline portion is spotted and heterogensous. Some clay
alteration is visible as spots on cut surfaces. Zeolites (phillipsite) are preferentially sssociated
with glass. From 45.0-114 cm grain4ize increases. Piece 4, from 135.0-142.0 cm has a finer
grain-size than above,

Thin Section Description:
8B8-100 em: Spinifex microdolerite from pillow interior,
Groundmass: Olivine 5%, 0.04-0.1 mm, subhedral d hs; plagioclase 25%, 0.2 mm,

small microlites; elinopyroxens 63%, <0.04 mm, spinifex aggregates; magnetite 7%.
Alteration: Greenish brown clays (~5%) replacing olivine.
Texture: Microdolerite.

Shipboard Geochemistry (XRF, %): Paleomagnetism/Physical Properties:

Interval 88-100 em Interval 124 cm 1113 em
Si0p 49,02 NAM Intensity (103 emu/emd) 7.4 .
TiO2 0.90 NAM Dacl. 1350 -
Alz03 14,04 NAM incl. (*) ~44.2 =
FeO 10.79 MDF (Oe.} 85.0 -
MnO - Stable Incl, {*] -29.5 -
MgO 8.01 Vp i (km/s) = 5.068
Cal 12.69 D (glem3) -~ 296
Naz0 - P 1% - 28
K20 0.003

P20s -

Total -

Loit 0.81

FeO + MgO 134

€a0 = Al203 0.90

FeQ + TiD2 11.98
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE

6[1]alefz [a] Ja]7] Ts

CORE |SECT.

Depth: 760.0 to 761.6 m
MAJOR ROCK TYPE- —~BASALT

Macroscopic Deseription:

Slightly altered basalt with veins of pyrite plus celadonite plus clay, There are ~3-4% small
clinopyroxene phenocrysts (0.2-0.4 mm) in the groundmass, which varies from glassy to
variolitic, to equigranular. Glassy margins are up to 13 mm thick. Textures of the interior
erystalline portion is spotted and heterogeneous,

Some clay alteration is visible as spots on cut surfaces. Zeolites (phillipsite) are preferentially
asspciated with glass. Zeolite fragments occur at 5.0-10.0 em from the top of the section
From 77.0-~100.0 cm, basalt grain-size incresses, and from = 100.0-- 120.0 cm, grain-size
decreaes.

Physical Properties:

Intorval 3638 cm
Vp i (kmis) 5.660
D (g/em3) 2.91
P (%) 3.4

9% 9LIS
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE

6l1[ale]2 [a

CORE |SECT.
[a]s] ]a

Depth: 756.0 to 757.5 m

MAJOR ROCK TYPE——BASALT

Macroscopic Description:

Slightly phyric pillow basalt with pyrite plus celadonite plus day veins and transparent

and white zeolite veins.

Unit | occurs from 0.0-14.0 em and it is slightly phyric basalt {plagioclase-clinopyroxene) with
vasicles and a glassy rim near the bottom of the unit.

Unit 1| occurs from 17.0-67.0 em. From 17.0-27.0 cm bazalt is aphanitic with vesicies. From
27.0-64,0 cm basalt |s aphanitic with glassy spots. From 44,0-58.0 cm the basalt is more coarse
in grain-size without spots. From 58.0-67.0 cm basalt is aphanitic with a lower glassy margin,
Unit 111 oceurs from 79.0-116.0 ¢cm. From 79.0-85.0 cm, and 114.0-116.0 cm, the basalt is
aphanitic. From 85.0-114.0 cm, the basalt is more coarse in grain-size.

Unit IV occurs from 123.0-150.0 cm and the basalt is aphanitic near the top {16 cm) and bottom
[2 em], and has a coarser grain-size in the middle.

Thin Section Description:

100-102 em: Variolitic microdolerite next to glassy margin.

Groundmass: Olivine 3%, 0.1-0.3 mm; plagioclase 4%, 0.3 mm, small microlites. often chains
of orented microfites; clinopyroxens 38%, <0.004 mm, o lar, spinifex-like;
7%, dust-like.

Vugs: 5% vugs, 1.0-7.0 mm, in groundmass, with clay and calcite, irregular shapa.

Alteration: Carbonate (< 1%) in vugs. Clays {10%) in vugs and as pseudomorphs replacing
olivine,

Texture: Microdoleritic with variolitic spots,

116:118 em: Contact of [A] variclitic basalt and (B} spinifex
veins penetrate to variolitic rock.

Groundmass: Olivine (A) trace and (B) 2%; plagioclase (A) 2% and (B) 40%; clinopyroxene (A is
— and (B} 49%, [B] spinifex aggregates; magnetite [A) is — and (B} 7%; glass [A) 98% and
(B) 2%.

Alteration: Variolitic basalt has a groundmass of glass replaced by cliy (98%). The microdolerite
has 7% glass which has been replaced by clay.

Thin microdol

Shipboard Geochemistry (XRF, %): Pal,

hysical Prop

25em  110-11Zcm

Interval 100-107 em Interval

Si0z 4853 NAM Intensity (103 emufemd) 7.1 -
TiOz 0.90 NRM Deci 349.0 -
Al03 14.04 NRM Inel. () 515 -
FeQ 10.68 MDF (Qe.) 175.0 -
MgO 7.97 Stable Inel. (*) 42,0 -
€a0 1277 Vi i (km/s) 5.737
K20 0.018 D (glem?) = 2.56
Lot 0.93 P (%) - 28
FeQ + MgO 134

Ca0 + Alz03 0.80

FeO + TiO2 11.86
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FOR IGNEQUS ROCKS LEG | SITE SECT.
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61lalel2 |a] [als] |2

Depth: 7576 to 760.0 m
MAJOR ROCK TYPE—-BASALT

Macroscopic Description:
Slightly phyric pillow basalt with calcite (rare} plus pyrite plus celadonite plus clay veins
and transparent and white zeolite veins, There are three basalt units with glassy margins.

Unit | occurs from 0,0-49.0 cm.
Unit Il occurs from 50.0-104.0 cm.

Unit 11l occurs from 116.0-150.0 em, These are the same as Piece 4E basalts in Core 48,
Section 1.

From 125.0-150.0 cm, basalts have a medium grain-size.

Paleomagnetism:

Interval 108 em

NAM Intensity (10°3 emu/cm3) 6.1

NRM Decl. 1180

NAM Incl. {7} -40.8

MDF (Oe.) 100.0

Stable Incl. (") -28.3

9 A1IS



8T

o3

DTN

§3

Piece Number
Graphic
Representation

—s=  Orientation

®,

Shipboard Studies

| Altaration

Special Storage

FOR IGNEOUS ROCKS LEG | SITE CORE

SECT.

H
VISUAL CORE DESCRIPTION E
E
A
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Depth: 758.0 to 761.5m
MAJOR ROCK TYPE—BASALT

Macroscopic Description:
Slightly phyric pillow basalt with calcite {rare) plus celadonite plus clay veins and
transparent and white zeolite veins, There are three basalt units with glassy margins.

From 0.0-30.0 cm, besalt is the sample unit {(Unit 111) in the previous section (48-2).

Unit | occurs from 30,0-80.0 cm

Unit Il occurs from 80.0-118.0 cm.

Unit 11 oceurs from 118.0-150.0 em. These are the same a5 in Section 48.2,

From 115.0-117.0 em basalt is aphanitic. From 135.0-137.0 cm there are veins of

fibrous-radiating zeolite,

Thin Section Description:

114116 em: Variolitic basalt next to glassy margin.

Phenocrysts: Olivine 3%, 0.1-0.6 mm, euhedral clay
elongated prisms,

Groundmass: Plagioclase 3%, laths slightly sligned; magnetite 5%, < 0.02 mm, common
dust-like thin chains; glass 92%; sulfides trace, 0.2 mm, interspherolite filling.

Alterations: Clays (92%) in mesostasis replacing glass (reddish brown palagonite)

Texture: Variolitic,

3 hs; plagioclase trace,

Paleomagnetism:

Intorval B0 em 108Bem
NRM Intensity (103 emu/em3) 67 5.1
NAM Decl. 2380 115.0
NRM Incl. (") ~46.0 408
MDF {Oe.) - 100.0
Stable Incl, {*) ~-28.3
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Depth: 7615 to 763.0 m
MAJOR ROCK TYPE——BASALT

Macroscople Description:

Slightly phyric pillow basalt with calcite (rare) plus celadonite plus clay veins and
transparent and white zeolite veins, At 101.0-102.0 cm thers is a thick vein of
fibrous-radiated pink zeolite with cubic pyrite. These basalts are similar to those

in Core 48, Section 4.

From 0.0-10.0 em is the bottom of the previous unit, (Core 48, Section 3, 117.0-160.0 em)
There are three new basalt units with glassy margins.,

Unit | occurs from 10.0-74.0 em

Unit 11 ocours from 76.0-109.0 cm.

Unit 111 oceurs from 111.0-150.0 cm,

Thin Section Description:

52-54 cm: Microdolerite from sill interior.

Microphenocrysts: Olivine 2%, 0.2 mm, suhedral, clay pseedomerphs; trace plagioclese,

Groundmass: Plagioclase (AnB2) 32%, 0.4 mm, microlites; clinopyroxens 61%, 0.02-0.08 mm,
spinifex-like aggregates; 5%, 0.02-0.06 mm, dust-like.

Alteration: Clays (Z%) forming pseudomarphs after olivine.

Texture: Variolitic,

72.74 em: Vanolitic basalt from glassy margin

Microphenoerysts: Olivine ~ 1%, 0,2 mm, euhedral clay pseudomorphs; plagioclase (AnB8-82],
0.8 mm, elongated prisms.

Groundmass: Plagioclase ~2%, < 0.02 mm, small taths, slight alignment; glass 96%, mesostasis
altered.

Vesicles: Vugs 1%, 0.4-1.0 mm, along contact, clay and calgite filling, irregular elongated shape

Alteration: Carbonate {trace) in vags. Clays (96%) replacing glass mesostasis {palagonito).

Texwre: Variolitic.

Shipboard Geochemistry (XRF, %): P

[Physical P

Interval 52564 cm 7274 cm Interval 65em 6163 em
5i0g 48.70 48.38 NRM Intersity (103 emu/em3) B85 -
Tiogp 0.90 0.92 WRM Dect, 242.0 -
Alz03 13.83 14,22 NRM Incl. (*) 44.7

FeO 10.90 10.87 MDF (Qe.b B5.0

MnO - = Stable Incl. ("} -32.7 -
MgO B.15 836 Vp i lkmis) - 6,026
Cal 12.57 13.05 D {glem3) - 287
Naz0 - - P (%) - 21
K20 0.04 0.033

P205 ) -

Total 3

Lo 0.81 0.69

FeO + MgO 1.33 1.30

CaD + Al303 0.50 0.91

FeO : TiO2 12z 1ne

9 4LIS
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® Depth: 763.0 10 766.0 0 I_ Depth: 765.0 to 766.5 m
£ - x
1AP % 4 MAJOR ROCK TYPE—BASALT 2| / MAJOR ROCK TYPE——BASALT
Macroscopic Description: 3 v Macrascopic Description: _ _
Slightly phyric pillow basalt with calcite (rare) plus celadonite plus clay veins and 1 / Slightly fresh basalt with veins af celadonite plus pyrite
1 From 0,0-54.0 cm, Pieces 1-7 were near contact with sediment or lower igneous rock, as they

2eolite veins. These basalts are similar to those in Core 48,

From 0.0-60.0 em is the bottom of the unit from the previous section.

From 60.0-110.0 cm (Core-Catcher), these piecas do not have known orientations, and
are aphanitic basalts with glassy pillow, fine-grained basalts.

are fine to slightly aphyric {particularly the lower part of Piece 7) hyalopilitic basalt, Micro:
phenocrysts of clinopyroxene are greater than plagioclase.

From 55,0-56.0 cm, the top of Piece BA is medium light gray (NG} chilled glassy margin, From
56.0-68,0 cm, basalt is fine grain-sized 1o slightly aphyric and medium light gray {NG). From

1 5| 68.0:150.0 cm, basalt is medium dark gray (N4), has an increasing grain-size from fine (68-103
i em) to medium [103-150 cm), and is intersertal to intergranular. From B8.0-103.0 cm,
i b ysis of Py = to plag . while from 103.0-160.0 em, microphenocrysts
1E -1 8§ of clinopy are less than plagi

—— e e
s
S

Thin Section Description:

55567 cm: Contuct of (A) glass and {B) variofitic basalt from glassy margin,

Phenocrysts: Olivine (A) trace and (B} 3%, 0.1-0.2 mm, euhedral, (A} fresh and [B] altered;
plagioclass (trace]; spinel <0.02 mm, inclusions in olivinoe.

Groundmass: Plagioclase [A) trace and (B} 3%, < 0.02 mm, small laths; clinopyraxene (A} trace

KEUH'Q* OIS

“
&
¢
— | /1
o %
e “
8A ‘ X,T/ and (B) 1%, <0.02 mm, spinifex-like nuel around plagiocl L ys1s; glass
— — [A) 99% and (B} 93%, mesostasis in (A) is fresh and in [B) is altered.
—— 4 M/ Alteration: Clays (93%) replacing [B) mesostasis—glass and olivine.
2 - / Texture: (A} Vitrophyric and (B] variolitic
83-86 em: Microdolerite from sill interior.
\-\/ e ‘ L/ Groundmass Ofivine 3%, 0.4 mm, cuhedral clay pseud hs; plagicclase 56%, 0.4 mm,
small microlites; clinopyroxens 38%, 0.08 mm, equidimensional and spinifex aggregates,
3 . / magnetite 4%, 0.02 mm,
Alteration: Clays [3%) forming pseudomorphs after olivine.
= / Texture: Microdoleritic with spinifex-like spots.
4 8D V,D.P %
U 1 Loy / Shipboard Geochemistry (XRF, %): Paleomagnetism/Physical Properties:
] Interval 5568 cm 8385cm  Interval 61cm B81-83cm
. 8 % Fd 5i02 4880  49.08  NAM Intensity (103 emu/em3) 96
| TiOp 093 092 NAM Decl. 96.0
/ AlaOg 14.07 1383 NRM Inei. (*) -44.2
8| SO 100— BF % Fe 1085 1084 MOF (Oc 95.0 -
7 C::} MnO - - Stable Ingl, 7) -328 -
8l = . L/ Mg 170 796 Vpy (km/s) - 5811
s @ / Cal 1259 1237 D (glem¥) - 2.95
] 9 e o0 oore ¥ B “
2 .
i L P205 - -
voID Total - -
— /| LOI1 0.14 0.8s
{=(C= L/ Fe : MgD 140 1.36
j % Cal + AlaO3 0.89 0.88
| ‘ / FeQ + TiDg 11.66 1.78
4]
] /1
- “
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Y W =
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Depth: 766.5 to 767.9 m
MAJOR ROCK TYPE—MASSIVE DOLERITE SiLL

Macroscopic Deseription:

Slightly fresh dolerite sill which is the same as the unit in lower portion of Section 49-1.
Veing are pyrite plus celadonite.

From 0.0-150.0 cm basalt has a slightly medium to medium grain-size, and Is intersertal to

intergranular. From 0.0-74.0 em, microph ysts of clinopy - i while
from 74.0-150.0 cm ysts of i it > clinopy
B Phvsical B :
nysical Frop
Interval 114 em
NRM Intensity (103 emufemd) 7.2
NRM Decl. 184.0
NAM Incl. (") -50.4
MDF {Oe.} 56.0
Stable Incl. ") [+11.917
Ve (kmis) -
D {g/em3) -
P (%) -
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VISUAL CORE DESCRIPTION g
FOR IGNEOUS ROCKS tec | siTe |E| core |sect.

o)1 [als]z [a] [alo] [s

Depth: 767.9 10 7694 m

MAJOR ROCK TYPE——MASSIVE DOLERITE SILL

Macroscopic Description:

Slightly fresh dolerite sill which is the same unit as in Core 49, Sections 1.2,

Veing are pyrite plus celadonite. Grain-size is slightly medium to medium and the

basalt is intergranular to intersertal,

Thin Section Description:

70-72 cm: Microdolerite from sill interior.

Groundmass: Olivine 3%, 0.2-0.7 mm, anhedral dark brown clay pseudomorphs; plagioclase
{AnB5-71) 45%, 0.4 mm, lites, conrse tables; clinopy 42%, 0.1-0.4 mm, inter-
granular; magnetite 8%, 0,04-0.12 mm, intergranular.

Alteration: Clays [5%) pseudomorphs after olivine,

Texture: Microdolerite,

Shipboard Geochemistry (XRF, %): Physical Properties:
Interval 70-72 em Interval 68 cm
5i0p 4028 Vp o (kmish 5.683
TiO2 0.95 D (g/em3) 293
Al203 13.82 P (%) 29
FeQ 11.m

MnO -

Mg0 8.08

Ca0 12.32

NazO -

K20 0.002

P205 -

Total -

LOIt 0.98

FeO + MgO 1.36

Ca0 + Alz03 0.89

FeO + TiO2 11.58

9% d1IS
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Depth: 769.4 to 770.0 m
MAJOR ROCK TYPE—MASSIVE DOLERITE SILL
Macroscopic Description:

Slightly fresh massive dolerite, which is the same unit as in Core 49, Section 3. Grain-size
is slightly medium to medium, and basalt is intersertal to intergranular,

Thin Section Description:
41-43 em: Microdolerite from sill interior,
Phenocrysts: Olivine trace, 0.4-1.2 mm, | clay phs; plagroclase [An76-55)

< 1%, 0.4-1.0 mm, tables,
Groundmass: Olivine 2%, 0.1-0.4 mm, anhedral, altered; plagioclase (AnE2] 56%, 0.1 mm,

microlites; clinopyroxensa 36%, 0.04-0.1 mm, i granular, spinifex aggreg
%, 0.06 mm, intergranular.
Alteration: Carbonate (trace) in clay (5% pseudomarphs after olivine.
Texture: Microdolerite,

Shipboard Geochemistry (XRF, %):

Interval 4143 em
5i02 48.70
Ti02 0.95
Al03 13.91
FeQ 10.76
MnO -
MgO 8.43
Cal 12.44
NagO -
K20 0.007
P20g -
Total -
LoIt 1.20
FeO = MgO 1.27
Ca0 + Al203 0.89
FeO = TiO2 11,32
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE

61 [ale]z [a] [s]o] [

mrox

CORE |SECT.

Depth: 774.0 10 776.2 m
MAJOR ROCK TYPE—MASSIVE DOLERITE SILL
Macroscopic Description:

Slightly fresh, medium dark gray (N4) massive delerite sill which is the same unit as Core
49, The basalt has a homogenecus medium grain-size, is subophitic to intergranular, and has

about squal 13 of ysts of (0.8 mm) and clinopyroxens.
Clinopyroxene microphenocrysts often form aggregates.
sround is microlites of plagi oy . and mag
Pal [Physical Pr i
Interval 3Bem 18-20cm
NRM Intansity (103 emu/em?) 35 -
MNRM Decl. 182.0 -
NRM Incl. {*} ~60.4 -
MDF [Oe.) 50.0 -
Stable Incl. (%] +12.217 -
Vp o [kms) - 6.012
D (g/em3) - 298
P (%) - 22

9% dLIS
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE

61 ]afsl2 [a] [s[o] |2

CORE |SECT.

Depth: 776.2 io 7764 m

MAJOR ROCK TYPE——MASSIVE DOLERITE SILL

Macroscopic Description:
Slightly fresh, massive dolerite sill which is the seme unit as in Core 50, Section 1. The
medium grain-size basalt is itic to o . Tha slightly coarse grain-size basalt

is subophitic. Microphenocrysts in the slightly coarse grain-sized basalt are more frequently
absorbed than in the medium grain-sized basalt,

From 0.0-35.0 cm, grain-size increases from medium to slightly coarse, and remains slightly
coarse to 150 em, with the exception of granophyric schieran at 101.0-102.0 em and 119.0-
1210 em. These granophyric layers are absorbed in the coarse grain-sized basalt, and are

made of phenocrysts of plegiociase (1.5 mm) clinopy 3 ite, and a small amount
of micropegmatite. Chlorite replaces clinopy (spotty distribution)
Thin Section Description:

7173 em: Diabase from sill interior.

Groundmass: Plagioclase (An78] 45%, 0.3-0.7 mm; clinopyroxene (augite] 45%, 0.5-0.8 mm;

magnetite (T 8%, <0.2 mm.
Alteration: Chiorite {trace) replacing clinopyroxene. Clays (5%) replacing all minerals.
Texture: Subophitic,

Shipboard Geochemistry [XRF, %): Paleomagnetism:

Interval 71-73em Interval 98 cm
5i02 4848 NAM Intensity (103 emu/em3) 3.5
Tio2 0.93 NRM Decl. 182.0
AlgD3 13.77 NAM Incl. (") ~60.4
FeD 10.71 MDF (Oe.) 50.0
MnO - Stable Incl. (7] +12.2)7
MgO 8.51

Cal 127

MNaz0 -

Kz0 0.021

P20s -

Total =

Lo 0.82

FeO + MgO 1.28

Cal + Alp03 0.88

FeD = TiOz 11.73
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FOR IGNEOUS ROCKS Lec | site |

6l1]afsl2 |a]| [sjo| |3

CORE |SECT,

Depth: 776.4 to 778.1m
MAJOR ROCK TYPE—MASSIVE DOLERITE SILL

Macroscopic Description:

Moderately altered, coarse grain-sized, subophitic to ophitic massive dalerite sill, which is
thr sume unit as in Core 50, Section 2. Veins are tilled with celadonite, zeolite

(phillipsite) and pyrite. Gr | oDoDO } schii occurs at 14.0-18,0 em (2:3 mm
phenocrysts), 47,0.53.0 cm (2-3 mm phenocrysts), and 124,0-133.0 cm (5 mm phenocrysts).

Thin Section Description:

15-17 em: Dolerive near sill interior,

Groundmass: Plagioclase {AnB5) 40%, 0.5-0.8 mm, euhedral to anhedral; clinopyroxens
{augite] 43%, 0.6-0.9 mm, ophitic plates; magnetite 10%, <0.25 mm, trace of quartz
and alkali feldspar as an granophyric agg - ibole 2-3%.

Alteration: Brown clays and chiorite {§%) replacing everything.

Texture: Ophitic.

Shipboard Geochemistry {XAF, %):

Interval 1517 em
5102 4954
TiOz2 0.99
Alo03 12.77
FeQ 11.26
MnO -
Mg 881
Calr 11.33
NagO =
K20 0416
Pa0g5 -
Total -
LOIt 1.08
FeO + Mg0 127
Ca0 + Al203 0.88
Fel + TiDZ 11.37

79 9118
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Depth: 778.1 10 7785 m
MAJOR ROCK TYPE—MASSIVE DOLERITE SILL

Macroscopic Deseription:

Moderately altered, massive dolerite sill which is the same unit as in Core 50, Section 3.
Grain-size decreases from coarse to slightly coarse downward and the basalt is, respectively,
subophitic to interstitial. Veins are filled with celadonite, zeolits (phillipsite) and pyrite.

Paleomagnetism/Physical Properties:

Interval 122em 2123 cm
NRM Intersity (102 emu/em®) 4.9 -
NRM Decl, 205.0 -
NRM inel, (*) ~59.2 =
MDF (Oe.) :

Stable Incl. *) (+10.07 -
Vp i (km/s) - 5.549
D {g/em3) - 299
P %) - 17

ES NS SN SN SSSN NS SN SO SN S NSNS SNNONNNSNANNN | Ateration

CORE |SECT.
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FOR IGNEOUS ROCKS LEG | SITE
6] 1]4]e]2

H
VISUAL CORE DESCRIPTION E
E
A

Depth: 7785t0 —m
MAJOR ROCK TYPE—MASSIVE BASALT SILL

Macroscopic Description:

Slightly altered massive dolerite sill, which is the same unit as in Core 50, Section 4.
Grain-size slightly decreases downward from slightly coarse to medium, and the basalt

is intergranular to intersertal. Veins are filled with celadonite, zeolite {phillipsite], and pyrite.

9% HLIS
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Depth: 7785 m

MAJOR ROCK TYPE—MASSIVE BASALT SILL

Macroscopic Description:

Slightly altered massive sill which is the same unit as in Core 50, Section 5. Grainsize is

homogenaously medium, and the basalt is intergranular to interstitial. Veins are filled with

celadonite, zeolite (phillipsite), and pyrite.

Thin Section Description:

109-111 em:  Granophyric diabase from sill interior,

Groundmass: Plagiociase (AnG5) 40%, 0.5-0.8 mm, euhedral and anhedral; clinopyroxene
laugita) 40%, 0.6-0.9 mm, ophitic plates; magnaetite 10%, <0.25 mm; quartz and feldspar
. 9 ic aggregate; amphibole 2-3%; opalite < 1%,

Alteration: Brown clays and zeolite [5%) replacing all minerals.

Texture: Ophitic.

Shipboard Geochemistry (XRF, %): Paleomagnetism/Physical Properties:

Interval 108-111 em Intervel 78cm 88cm
Si0 49.27 NRM Intensity (102 emu/em3) - 3.9
Tioz 0.1 NRM Decl. - 1000
Alz03 13.86 NAM Incl. (") - =694
FeO 10.95 MODF (De.) - -
MnO - Stable Incl. (*) - (2030
MgO 858 Vp o (km/s) 6124 -
Ca0 12.15 D (glem3) 2.99 =
NagO - P (%) 1.7 -
K20 0.015

P20g -

Total -

LoIt 2.32

FeO + MgQ 127

Ca0 + Alp03 0.87

FeQ + TiO2 12.03

6.027
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VISUAL CORE DESCRIPTION E
FOR IGNEQUS ROCKS LEG | SITE |g

s[1]ale[z [a

CORE [sECT.
fs[t] [1

Depth: 778.5 to 780.0 m

MAJOR ROCK TYPE—~MASSIVE BASALT SILL

Macroscopic Description:
Slightly altared, 4 y medium gr ized, 1 with veins of pyrite
plus eeladonite plus clay and zeolite. The mi lerite is plagioc)

g 5 Py

magnetite and olivine (7). The groundmass of microlites is very fresh except for

small disseminated pale green clay pseudomorphs after olivine.

Thin Section Description:

20-22 cm: Microdolerite from sill interior.

Groundmass: Olivine 2%, 0.2 mm, euhedral and anhedral, altered; plagioclase {AnG0-68)
45%, microlites; clinopyroxens 46%, 0.2 mm, equidimensional, coarser grains are

irreqular; magnetite 7%, 0.1 mm, intergranular; quartz and alkali teldspar trace, ~0.08 mm,

intergranular autonomous grains and intergranular granophyric aggregates; sulfides trace,
~0.156 mm, elongated plates,

Aherstion: Grayish green clays (5%) pseudomorphs of olivine and plagiociase.

Texture: Microdoberite.

F hrysical F

Interval 16-1Bem 24em  81em
NRM Intensity (103 emufem®) - 35 29
NRM Decl. - 310 1610
NAM Incl (") - 791 893
MDF (Oc.) - /O -
Stabie Inel. °) [+20.5)7

Vp i kmis) 6.085 - —
D fg/em3) 208 & =

P (%) 18 = =

79 A1IS



§9¢

Representation

u
g

2
=]

!

L A

0
i

‘

4

1

Orientation

iLpcrs»® weBl

N|

1o

Shipboard Studies

V,D.P

Special Storage

| Aleration

VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE

mrQI

CORE |SECT.

o[1]ale2[a] [si ] ]2

Piece Number
Graphic
A Reprasantation

Depth: 780.0 to 7815 m
MAJOR ROCK TYPE—MASSIVE BASALT SILL

Macroscopic Description:

Slightly altared, h y medium grain-sized, ite with veins of
pyrite plus cal-adumte plus clay and zeclite{ 2 2 Z : The microdolerita

is plag g and olivine (). The groundmass ot microlites

is very fresh except lor small disseminated pale green clay pseudomorphs after olivine.

7 hysical Prop
Interval 126em 135137 em
MRM Intensity (103 emufem3) 3.7 s

NRM Decl. 440 =

MNAM Incl. () -718 -

MDF (Os.) - -
Stable Incl, (") - -

Vp il (km/s) =2 5975

D (g/em¥) - 2.07

P %) - 25

—e=  Orientation
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE

6[1]4[s]2[a] [s]1] |3

Depth: 781.5t0 783.0 m

CORE |SECT.

MAJOR ROCK TYPE——BASALT

Macroscopic Description:

Slightly alwered microdolerites with veing of pyrite plus celadonite plus clay and zeolite.

and (B} 60%, (A) 0.1 mm, and (B} <0.02 mm, equidimensional poikilophitic aggregates;
From 0,0-53.0 cm, the medium grain-sized microdolerite is the same as in Core 51, Section 2.
From §3.0:150.0 cm, the microdolerites become more fine in grain-size.

At 140.0-148.0 em, there is an around aphanite zone. 1t may have been created by local
guenching near the bottom of a sill [ o),

Thin Section Description:

147-150 em: Contact of {A) microdalerite and (B) aphanitic basalt near the glassy sill

botiom,

Microphenocrysts: Olivine (B) 1%, 0.2 mm, eubedral altered; plagioclass (B] trace, 0.4 mm,

Groundmass: Olivine (A) 2% and (B) 1%, (A) 0.3 mm and (8] 0.04 mm, {A] alwered, (8]
euhedral and intergranular and irregular; plagioclase [M 55% and [B) 37%. (A} 0.3 mm, and
(B} 0.02 mm, {A,B) small micralites, laths, and equi dlnopvrn:ene (Al 38%,
and (B} B0% (A} 0.1 mm, and (B) <0.02 mm, idi i 1 g
magnetite (A) 5%, and [B) 8%, 0.04-0.12 mm, dust-like.

Alteration: Grayish-green brown clay (5%} pseudomorphs replacing olivine.

Textures: (A} Mi itie 1o (B) i

Paleomagnetism/Physical Properties:

Interval 6768 cm 134 cm
NAM Intensity (10°3 emu/em®)  — a7
NAM Decl, . 180.0
NRM Incl. () 594
MOF (O} - 50.0
Stable Incl. [*) - [=+0.8)7
Vp i (kmis) 5841 -

D (g/em3) 2.96

P (%) 28

9% HLIS
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Depth: 783.0 to 7875 m
MAJOR ROCK TYPE——BASALT

Macroscopic Description:

Slightly altered microdalerites and basalt with veins of pyrite plus celadonite plus clay

and zeolites.

From 0,0-23.0 cm is the bottom of 3 sill and is fine grain-sized 10 sphanitic basaits.

From 23.0-30.0 cm occurs a coarse piece of dark brown glass, which is altered around the

outer surface to chlorite-hematite-clay and is cut by zeolite veins,

From 30.0-85.0 cm are small pieces of {1) aphanitic basalts with glassy margins, and {2} fine

to medium grain-sized microdolerites.

Thin Section Description:

5-7 em: Phyric microdolerite from sill bottom.

Phenocrysts: Olivine 2%, 0.2-0.5 mm, suhedral, altered; plagioclase wace, 0.5 mm.

Groundmass: Olivine ~ 1%, < 0.04 mm, irregular, altersd; plagioclase 40%, 0.16 mm, small
microlites; clinopyroxene 54%, 0.04 mm, equidimensional; magnetite 5%, <0.04 mm,
dust-like.

Alteration: Clays (5%) form pseudomaorphs after olivine and plagioclase.

Textwre: Microdoleritic.

Shipboard Geochemistry (XRF, %): Paleomagnetism/Physical Properties:
Interval 27-30 cm Interval 2cm
Si02 48,89 NAM Intensity (103 emulemd) 4.3
Tidz 0.99 MNAM Decl, 3130
Al203 1391 NRM Incl. (*) -77.9
FeO 1.23 MDF (Oe.} 40,0
MnQ - Stable Incl, {*) (+19.917
MgO 7.81

Cal 11.72

MNaz0 -

Kz0 0.118

P205 -

Total

LOIY 1.18

FaQ -+ MgQ 143

Ca0 = Al203 0.84

FeO = TiOp 1n.m:
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VISUAL CORE DESCRIPTION

FOR IGNEQUS ROCKS LEG | SITE CORE

SECT.

6]1 |a]s]z |a] [s]2

[1

Depth: 787.5 to 7894 m
MAJOR ROCK TYPE-—BASALT

Macroscopic Description:

Slightly altered, coarse grain-sized dolerite with veins of gresn clay
(84.0-87.0 em), quartz (105.0-112.0 cm), and pyrite. Thare are minor grain-size
variations, bul the section eppears 1o be one unit. There are & few patches of brown
clay,

Paleomagnetism/Physical Properties:

Interval 128em 131133 cem
NRM Intensity (103 emufem3)  10.3 =
NRAM Decl. 29.0 -
NAM Inci. ") —86.1 -

MDF (Oe.) 35.0 -
Stable Incl. (") -58.4 -

Vp i (kmis) - 5.883

D lg/em®) = 2,95

P (%) - 21

9 4LIS
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Dapth: 787.4 to 790.9 m

mroT

MAJOR ROCK TYPE——BASALT

Macroscopic Description:
Slightly altered homogeneous coarse grain-sized dolerite with green clay veins. No visible
clay patches as in Section 52-1, but clay veins are common.

Thin Section Description:

51-54 em: Altered dolerite from sifl interior,

Groundmass: Olivine 5%, 0.2.0.3 mm, pseudomarphs; plagioclass |AnG5-68) 40%,
0,2:0.5 mm; clinopyroxene (augite) 40%, 0.2-0.5, ophitic; magnetite (Ti} 5%, 0,04 mm,

Alteration: Green clays {10%) replaces olivine and also occurs in variolitic interstitial patches.

Texture: Dolerite.

Paleomagnatism/Physical Properties:

Intarval 106cm 118120 em
NRM Intensity (103 emu/emd) 4.4 L
NRM Decl. 214.0 =
NRM Inel, (") —68.7 =

MDF (Oe.) 3.0 =
Stable Inel, {*) (+09.9)? -

Vi i (km/s) - 5,920

D (g/em¥) - 284

P %) = 16

cm
0=

Piece Number

e IO E— T T e

Orientation

Shipboard Studies

| Alteration

Special Storage

VISUAL CORE DESCRIPTION

FOR IGNEOUS ROCKS LEG | SITE CORE

SECT.

6]1]4][s]2]a] [5]2

B

Depth: 7909 to 7921 m
MAJOR ROCK TYPE—BASALT

Macroscopic Description:

Stightly altered dolerite with green clay veins. Grain-size decreasss downward and
the fine grain-sized rock has 1-2% mafic phenocrysts (~0.2-~0.6 mm) in a fine
grained gray matrix,

9% 411S
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Depth: 792.1to 792.1m

MAJOR ROCK TYPE—BASALT

Macroscopic Description:
Slightly altered pieces of fine grain-sized basalt similar 1o the bottom of Core 52, Section
3. Only Piece 2 Is oriented. All other pieces are iented and out of igraphic order,

Piece 2 {43-52 om) has a thin (49-50 cm) piece of glass in contact with fine grainsized
basalt near the bottom of Piece 2.

Thin Section Description:

49-51 cm: Fine grain-sized basalt near chill zone of pillow.

Phenocrysts: Olivine 3%, 0.2-0.7 mm, zeolite, clay and hi kol :

{AnT1) 1%, 0.3-0.8 mm, euhedral; spinel < 1%, <0.004 mm, inclusions in olivine preudo-
maorphs.

Groundmass; Plagioclase 10%, <0.7 mm, thin skeletal laths; clinopyroxene 46%, quench
bundies, microlites; glass 30%, devitrified and replaced by brown clay.

Alteration: Clays, zeolites, and amphibole replacing olivine. Brown clays replacing glass.

Texture: Hyalopilitic.

S S SN S S NS SSSS S S NN NSNS N Ateration

H
VISUAL CORE DESCRIPTION H
FOR IGNEOUS ROCKS tec | sime [g| come [secr.

6[1]alelz |a]| [s]s| [1

Depth: 792.0 1o 793.6 m

MAJOR ROCK TYPE—MASSIVE BASALT

Macroscopic Description:

Slightly alterad units of basalt with veins filled with celadonite plus pyrite,

Unit 1 occurs from 0,0-80.0 cm. It has thin {1 cm) glassy margins at the top and bottom

of the unit, Grainsize increases from 1.0-25.0 cm to a fine grainsize and decreases from
25.0-69.0 cm. The basalt is aphynic to hyalopiitic. The rock has microphenocrysts of
clinopyroxene and plagioclase and {microlitic to] a groundmass of clinopyroxene,
plagioclase, and glass,

Unit 2 occurs from 61.0-150.0 cm. 1t is fine grainsized basalt with thin {2 cm) upper glassy
margins. Grain-size increases downward from 62,0 em.

Paleomagnetism/Physical Properties:

Interval 3em  2527cm  88cm
NAM Intensity (103 emu/emd) 4.4 = 62
NRM Decl. 50.0 — 176.0
NEM Incl. (*) ~44.7 - ~373
MDF (Qe.) 275.0 - BO.O
Vpn (km/s) - 5.915

D (glemd) - 293 =

P %) 20

9% 4LIS



Special Storage

Shipboard Studies

SOSSS S SN N NNNN | Aneration

Piece Numbesr

N Graphi
. phic
el \ R-pn;enmiun

am?

Crientation

o

e | ST

()
£

SR

RN R e R N TR NCORG NENG NING N IR N N

S\ AN

69¢

VISUAL CORE DESCRIPTION
FOR IGNEQOUS ROCKS LEG | SITE CORE |SECT.

mroI

F=

Special Storage

Shipboard Studies

6[1[afe]2 |a] [s]2] |2

Piece Number
Orientation

Depth: 753.5 to 795.0 m
MAJOR ROCK TYPE—BASALT SILL

Macroscopic Description:

Slightly altered basalt sill with veins; celadonite plus zeolite plus pyrite. Grain-size increases
downward from fine {0.0-112.0 em) to slightly medium to medium {112.0-150.0 cm), and
the basalt is, respectively, hyalopilitic and intersertal. This unit is the same as the lower
portion of Core 53, Section 1.

Paleomagnatism/Physical Proparties:

Interval 8587 em 139 em
NAM Intensity (103 emu/em3) - 133
NRM Decl. - 134.0
NRM Incl. {*) - —56.7
MOF (Oe.) - 80.0
Stable Incl. ") - -26.8
Vp 1 (km/s} 6.052 -

D {gfem3) 2.94 -

P 1%} 1.9 -
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE CORE |SECT.

6|1 [a]slz [a] [s]a] |5

Depth: 797.5 10 798.0 m
MAJOR ROCK TYPE--—PILLOW BASALT

Macroscopic Description:

Slightly altered, five units of pillow lava. In these units, the widths of the glassy marging
are about 1-2 em. The inner part of each unit is slightly medium to fine in grainsize
{aphaniticl. The pillow laves are made of olivine, clinepyroxene, and plagioclase micro-
phenoerysts and a g of clinopy i ite; and glass.

Unit 1 is from 0.0-20.0 cm [Pieces 1-2A), and it has only a lower chilled margin, and is
without an upper part.

Unit 2 is from 20.0-58.0 cm {Pieces 3-5A) and has a lower and uppar glassy margin

Unit 3 is from 58.0-90.0 cm (Pieces 5B-7A) and has a lower and upper glassy margin.

Unit 4 is from 90.0-120.0 cm (Pieces 7B-BB) and has a lower and upper glassy margin.
Unit 5 is from 120.0-next section {Core 54, Section 2}, and only has a glassy upper margin,

hysical F

Interval 1316¢m 3Zcm
NRM Intensity (10°3 emufemd) - 39
NRM Deel, - 95.0
NAM Incl. ') = ~44.9
MDF (Oe.) - 240.0
Stabie Incl. [} - -25.47
Vi i (kmis) 5.936 -
D (g/em3) 293 -
P %) 23 -

9% H1LIS
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Graphie

Depth: 799.0 1o 800.3 m
MAJOR ROCK TYPE—PILLOW BASALT

Macroscopic Description:
Slightly altered, two units of pillow lava, with veins of (phillipsite?) zeolite
and celadonite. The inner part of each unit is slightly medium to fine in grain.
size (aphanitic). The pillow lavas are made of olivine, clinopyroxene, and plagioclase
i ysts and a g i of clinopy , plagioc! gnetite, and glass.
Unit & occurs from 0.0-66.0 cm and is a continuation of the basalt unit of Core 54, Section
1, and it does not have a distinct lower glassy margin,
Unit 6 occurs from 66.0-130.0 cm (?) and does not have a distinct glassy margin,

Paleamagnetism/Physical Properties

Intarval 23em 3032 cm
NAM Intensity (103 emu/em3) 7.3 -
NAM Decl, 73.0 -
NAM Ingl. (*} 489 -
MOF (Oe.) 80.0 -
Stable Incl. {*) —35.57 -
Vp 1 (km/s) — 5.838
O (g/em?) - 293
P (%) - 2.3

—=— g Orientation

—eereeee | Alteration

9% dLIS

VISUAL CORE DESCRIPTION
FOR IGNEQOUS ROCKS LEG | SITE

CORE |SECT.

6[1]4]s|2 [a] |5]s] |1

Depth: 801.0 to 8025 m
MAJOR ROCK TYPE——BASALT

Macroscopic Description:

Slightly altered, four units of microdolerites divided by glassy margins. Texture near the

glissy margins is micro-equigranular with vesicles, which grades to microdolerites in the

interior of the units.

Unit 1 is from 0,0-30.0 cm,

Unit 2 s from 30.0-93.0 cm.

Unit 3 is from 93.0-130.0 cm.

Unit 4 is from 130.0-150.0 cm.

Al rocks are slightly aphyric and include olivine, pyroxens, plagioclase, magnetite, snd

glass. Clay pseudomorphs of olivine. Veins are zeolite druses { X % X X |, pyrite plus

caladonite plus clay [ssessss | and autonomous calcite plus clay | =« e).

Thin Section Description:

69-71 em: Glassy to fine grained basalt from pillow margin.

Phenocrysts: Olivine 2%, 0.1-0.2 mm, clay-zeclite pseudomorphs; plagioclase (An70-76)
2%, 0.2-0.9 mm; spinel < 1%, <0.003 mm, inclusions in olivine

Groundmass: Plagioclase (variable %), skefetal microlites; clinopyroxene (variable %),
quench textured bundles; glass (variable %), variably devitrified or replaced by clay.

Alteration: Clays, zeolites, chlorite | ble %), |agioel, olivine, and glass.

Texture: Variclitic to hyalopilitic.

Paleomagnetism/Physical Properties:

Interval 48-51cm B0ecm 144 cm
NAM Intensity (103 emufemd)  — 68 72
NRM Decl - 3140 340
NRM Inel, ("} - -51.2 -399
MDF (Oe.} 1200 1100
Stable Incl, (*) - —428 -332
Ve i (kmis) 5.778 - =

D (wem3) 2.95 . -

P %) 22 - -
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Depth: B02.5 to B06.5 m
MAJOR ROCK TYPE—BASALT

Macroscopic Description:

Slightly altered, three units of microdolerites divided by glassy margins, Veins are pyrite
plus celadonite plus clay.

Unit 1 occurs from 0,0-35.0 cm, and it is the same unit as in the previous section (65-1)

Unit 2 occurs from 35.0-62.0 cm and it is of small pieces, some of which have glassy margins.

Unit 3 occurs from 62.0-104.0 cm and it is medium grain-sized, slightly phyric, micro-
dolerites similar to those from the imerior of sills.

Paleomagnetism:

Interval B3 cm
NRM Intensity (103 emufem3] 6.8
NRM Decl. 197.0
NRM Incl. (*) —48.0
MDF (Qe.] 105.0
Stable Incl. (*) -38.2
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VISUAL CORE DESCRIPTION E
FOR IGNEOUS ROCKS LEG | SITE |g| CORE |SECT.
Bl‘! 41&12 A ISIG l‘]
Depth: B06.5 to B0B.0m
MAJOR ROCK TYPE——BASALT
Macroscopic Description:

Slightly altered, dolerites, with veins of pyrite plus caladonite plus clay, Grainsize
dually changes from aphanitic (0 em) microdolerite or basalt to medium grain-sized

{75 cm) dol and g y back to aphanitic (150 em) microdolerite or basalt.

Thin Section Descriptions

65-68 em: Microdolerite from sill interior.

Microphenocrysts: Olvine 5%, 0.3 mm, euhedral altered; plagioclase (AnG7) trace, 0.5 mm,
elongated prisms; clinopyroxene trace, 0.3 mm, poikilitic tables surrounded by fine-grained
aggregates.

Groundmass: Plagioclase {AnG5) 35%, 0.2 mm, microlites; clinopyroxens G0%, 0.04 mm,

quigranular, spinifex aggreg ite 5%, 0.08 mm, dust:|ike,

Al fon: Clays (5%), phs after olivine microphenocrysts.

Texture: Microdoleritic.

145-147 em: Aphyric basalt from sill bottom.

Groundmass: Olivine 1%, 0.1 mm, gl itic clusters; plagi 5%, <0.02 mm,
laths; clinopyroxens trace; magnetite 5%, <0.02 mm, dust-like; glass 8%, mesostasis altered.

Alteration: Clays {90%) replacing glass mesostasis.

Texture: |ntersertal 1o variolitic.

Shipboard Geochemistry [XRF, %): Paleomagnetism/Physical Propartias:
6568 em 145147 em Interval 57 em 128131 em

(Altered Basalt)
Si0, 4953 4998 Intensity (10-3 emufec) 12.0 —_—
Tiog 0.85 099 NRM incl. (") 242 —
m.‘,oa 1365 14.08 NAM Decl. -B4 6 —
FeD 10.92 10.71 MDF (Oe.} 50.0 -
MnQ -— s Stable Incl, {*} -327 -
MgO 7.58 7.98 Vp i (km/s) 5.904
Cad 12.41 1257 D lglemd (B 297
NagD - - P {%] - 28
Kzﬁ 0.004 0.004
Py0g — e
Total -— -—
Lot 1.26 0.
FeO + MgO 144 134
Cal + al203 0.80 0.89
FeQ = TiOD4 1148 1081

9% d1IS
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VISUAL CORE DESCRIPTION
FOR IGNEQUS ROCKS LEG | SITE

6|1]als|2]a] [s]s] |2
Depth: 808.0 to 809.5 m

H
o
t| core |secr.

MAJOR ROCK TYPE——BASALT

Macroscopic Dascriptions:

Slightly altered basalt and microdolerite with veins of pyrite plus celadonite plus clay,

There are three cooling units (0 to 25 cm, 25 to 80 cm, and 80 to 150 {?) em).

From 0 to 26 cm, and 72 to 150 cm there are small pieces of altered pillowed basalts. Elongation
of glassy pillow both subhori y and y. Glassy zones are 1 to 2 cm thick.

From 25 to 72 em, fine grain-sized basalt (25 em) grodes downward to micredolerite (50 em)
end fine grain-sized basalt {72 cm).

From 92 to 98 cm occurs a thick vein in the glassy margin, The vein is coarse fan-shaped

crystalling, transparent zeolite,

Thin Section Descriptions:

96-88 cm: Zeolite vein in glass, Clays {15%) in vein margins. Zeolite (B5%) in vein interior,
fibrous.

107-109 em: Contact of glass and variolitic basalt.

Microphenocrysts: Olivine 1%, 0.2 mm, euhedral, altered; plagioclase 1%, 0.5 mm, spinal
trace, inclusions in olivine.

Groundmass: Plagioclase 5%, <0.02 mm, laths; glass 93%, mesostasis, altered in variolitic
basalt, fresh in vitrophyre.

Alwration: Clays {93%) replace glass of mesostasis.

Texwra: Variolitic and vitrophyric

Paleomagnetism:

Interval 52 cm
Intensity (10-3 amujec) 18.0
NAM Decl. 264.0
NRM Incl. {°) =50.0
MDF [Oe.) 1100

Stabla Incl. (] -40.2
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VISUAL CORE DESCRIPTION

FOR IGNEOUS ROCKS LEG | SITE CORE

SECT.

6|1]als[2]a] |5 ]6

Depth: 808.5t0 8166 m

MAJOR ROCK TYPE—PILLOW BASALTS

Macroscopic Description:
Slightly altered fregments of pillowed basalts and fine grain-sized microdolerites.
Stratigraphic position of pieces unknown. Some coarse vugs are opal,

9% 41IS
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FOR IGNEOUS ROCKS Lec | SITE [g| come

6[1]a] [ 2]a] [5]7] |1
Depth: 816510 817.0m

SECT.

MAJOR ROCK TYPE——PILLOW BASALT

Macroscopic Descriptions:
Slightly fresh pillow basalt with cracks or veins of pyrite-celadonite-clay and zeolite.

From O to 7 cm (piece 1) is a lower margin (glassy 5 to 7 em) of a pillow lava.
From 7 to 52 cm s a single unit of pillow lava, but without a lowaer glassy margin,

From 52 to 150 cm fs the upper portion of a pillow lava. From 52 to 54 cm is the upper

glassy margin, which is aphyric to hyalopilitic. The core of the unit is aphanitic to intersertal

with and clinopy i i vits. Pieces 7,9, 11 and 13 are the interpart

of the pillow lava, and Pieces 8, 10, and 12 are small crushed particles, which are almost fine

to slightly medium grain-sized basalt.

Thin Section Description:

146-148 cm: Fine grainsized basalt from sill or flow interior,

Phenocrysts: Oliving 4%, 0,1-0.2 mm, clay-zeolite pseudomorphs; plagioclase [An70) trace,
0.2.0.3 mm, euhedral, skeletal, spinel trace, <0.003 mm, i in olivine b

Groundmass: Plagioclase 26%, < 0.2 mm, skeletal laths and microlites; clinopyroxene {sugite)
56%, <0.1 mm, quench bundles and granules; magnatite (Ti) 10%, <0.01 mm, glass 5-10%.

Alteration: Clays |5%), zeolites {variable), chlorite {variable) replacing glass, olivine and
plagiloclase.

Texture: Intersertal to equigranular.

Paleomagnetism/Physical Properties:
Interval 13em 10-12em
Intensity 103 emufem3)g 5 =
NRM Decl. 227.0 —
NRM Inel. {*) —42.1 —
MDF (Oe.) 100.0

Stable Incl. {*) -31.3 -—
Vi (kmis) == 6.085
D fg/em3) = 3am

P (%) — 24
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VISUAL CORE DESCRIPTION g
FOR IGNEOUS ROCKS tec | site [g| come |secr.
61 ]al6]2]a] [s]e] |1

Dapth: B24.5 to 826.0 m

MAJOR ROCK TYPE——BASALT

Macroscopic Descriptions:
Slightly altered basalt with veins of celadonite plus pyrite plus clay and zeolite.

From 1 1o 3 cm (Piece 1) is zeolite (analcite?] in a basalt cavity. Crystals average 1.2 mm long
with 8 maximum of 5 mm,

From 5 to 78 cm s slightly medium grain-sized, intersertal basalt.

From 78 to B8 cm (Piece 3E) i slightly fine grain sized, hyalopilitic basalt, with microphenocrysts
of plagiociase and clinopyroxene.

From 80 to 85 cm {Piece 4] is fine grain-sized basalt with microphenoerysts of plagioclase and
clinopyroxene,

From 87 to 106 cm (Piece 5) is fine grain-sized aphyric basalt with a glassy margin (~2 em thick),
Zeolite vein and spots are present.

From 106 to 160 cm is a different unit than above, and is crushed; fine grain-sized fragments
with glassy margins {1 1a 2 cm thick). Piece 7 has a zeolite and iron axide veins.

Paleomagnetism/Physical Properties:

Interval

Intensity(10-3 emuem3} 5.6

NRM Decl.
NAM Incl. 17}

185.0
-68.9

53.55 em

MDF {Oe.) — —
Stable Incl. {*) -
Vi ¢ (km/s) —
D lglem3) - 2.96
P 1% —— 32

9% dLIS
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VISUAL CORE DESCRIPTION

H
i
FOR IGNEOUS ROCKS LEG | SITE |g

CORE |SECT.

lolilalelz Ial Is]s ] I

Dapth: 826.0 to 827.5 m
MAJOR ROCK TYPE—BASALT
Macroscopic Descriptions:
Slightly altered basalt with veins of zeolite and celadonite. These basalts are the same
unit as the lower one in Section 58-1.

From O to 20 em is fine grain-sized (anhedral) clinopy basalt.

From 20 to 150 cm is fine 1o slightly medium grain-sized, hyalopilitic 1o intersertal basalt.

This basalt has micropt yits of elinopy and plagioclase, and a g i af
lites of cli lagioc ite, and glass (7).

Thin Saction Description:
19-21 em: Altered basalt from sill interior.

Phenocrysts: Olivine < 1%, 0.10.2 mm, clay and chlorite pseudomarphs; plagioclase < 1%,
0.1-0.3 mm, clay pseudomorphs; clinopyroxene (augite) < 1%, 0.1-0.3 mm, anhedral.
Groundmass: Plagioclase 20%, <0.5 mm, skeletal laths; clinopyroxene 58%, quench sprays,

granules; magnetite [Ti} 7%, <0.1 mm,
Alteration: Brown clays plus chlorite {15%) replacing all mincrals.
Texture: Intersertal to equigranular.

Paleomagnetism

Interval 16 cm
Intensity 103 smukria0
NAM Decl. 154
NRM Inel. (*} —53.8
MDF (Oe.) 85
Stable Incl. %) —38.9
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CORE |SECT.

6[1]afe[2[a] [s|8] |3

Depth: 827.5 t0 B29.0 m

MAJOR ROCK TYPE—BASALT

Macroscopic Description:

Fresh basalt with veins of zeclite and celadonite plus pyrite,
From O to 35 em is slightly fine g
phenocrysts.

Y

ized aph ic basalt with angular-cl micro:

From 35 to 45 em slightly medium to medium grai d, aphanitic basalt. Microp yits
are larger and more abundant than above (0 1o 35 cm).
From 45 to G0{?) em is fine grain-sized, aphyric basalt with clinopyroxe i SIS,

From B0(7) to 145 cm, grain-size gradually increases from fine to slightly fine aphanitic basalt,

Thin Section Description:

4143 cm: Altered dolerite from sill interior

Phenocrysts: Olivine trace, 0.1 mm, clay pseudomorphs,

Groundmass: Plagioclase (An57] 30%, 0.1-0.3 mm, subhedral laths; clinopyroxene laugite)
48%, 0.1-0.2 mm, subophitic; magnetite (T 7%, <0.1 mm, skeletal.

Alteration: Green clay {15%] replacing elinopyroxene and olivine,

Textwre: Subophitic.

hysical P

Interval 30ecm 3638cm
Intensity (103 emuwem®) 3.7 -
NRM Decl. 102.0 =
NRM incl. "} -61.0 ot
MDF (Oe.) - —_—
Stable Incl. ("} - —
Vp il (kmis) - 5.640
O fglem3) — 2.03
P %) — 4.9

9% 4LIS
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

MAJOR ROCK TYPE—BASALT

Macroscopic Descriptions:
Fresh to slightly fresh basalt with veins of zeolite and pyrite-celadonite,

From 0 to 85 cm is fine to slightly medium grain-sized, clinopyroxens phyric aphanitic basalt.

From B5 to 116 cm is fine grain-sized slightly aphyric basalt with microphencerysts

{clinopyroxene).

H

[4]
LEG SITE lg' CORE |SECT.
6[1]a[s]2|a] [5]8] ]a
Depth: 829.0 to 830.5

From 115 to 150 cm is fine 1o slightly medium grain-sized clinopyroxene phyric aphanitic

basalt.

Shipboard Geochemistry (XRF, %):
Altered Basalt
B8-101 em

S0z

TiD2
Al203

FeQ

MnC

Vg0

Cah

Mag0

K20

P20s

Total

Lot

FeO+ MgO
Ca0 + Alz03
FeD + TiO2

48.57
1.02
14.06
10.86
7.87
12.62
0.004
0.51
1.39
0.89
10.74

Paleomagnetism/Physical Properties:
Interval Sem 47489 cm

Intensity (102 emwem) 4.7
NRM Decl. 107.0
NRM Incl. "] -57.5
MDF (Oe.) -
Stable Incl. *) —
Vp i (kmis =
D (glem3) -
P %) -_

BT ) st

Orientation
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

MAJOR ROCK TYPE—BASALT

Macroscopic Description:
Fresh, fine to slightly medium g ized cli

LEG

SITE

H
o
L
E

CORE |SECT.

61

4ls ]2

Al [sls[ s

Depth: 830510 831.1m

zeolite and pyrite plus celadonite.

phyric

ic basalt. Veins are

9% HLIS
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SECT.

6[1]ale]2 [a] [s]o]| |1

Depth: B33.510 834.9 m

MAJOR ROCK TYPE—~—BASALT SILL

Macroscopic Description:

Slightly altered, dolerite sill with veins of clay, zeolite and pyrite. A partion of one cooling
unit lintrusive} is represented in this section

Grain-size is slightly coarser than the fine grai
portion of the section.

redl basalt (g y o in the lower
A few (1-2%) phenocrysts of clinopyroxene (1.0 mml occur in a matrix of doleritic to fine
grain-sized, equigranuler textured basalt. The coarse grained matrix is plagioclase, augite,
opaques, and alteration products. Clay patches occur in the coarse-grained partions,

[Physical P

62-64 cm

Interval 68 em
Intensity (103 emuiemd) 9.2 —
NAM Decl. 219.0 -
NAM Incl. {7) -565  —
MDF {De.] S =
Vp Il [km/s) —_— 3.0
D (glem3) — 2.8
P %) - 30
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VISUAL CORE DESCRIPTION

H
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L
FOR IGNEQUS ROCKS LEG 5ITE |g| CORE |SECT.

6[1]a]e]2[a] [s]s] ]2

Depth: 834.9 to 836.1 m

MAJOR ROCK TYPE- —BASALT SILL

Macroscopic Description:

Slightly altered fine grain-sized dolerite sill. Grain-size decreases slightly in a downward
direction. Mafic phenccrysts (1.2%, 0.2-0.6 mm) in a fine grained gray matrix

Paleamagnetism/Physical Properties:

Interval 36 cm 57-59 cm
Intensity (10-3 emwem3) 3.4 7
NAM Decl. 120.0 "
NAM Incl. 7} ~12.4 —
MDF (Os.) — ;s
Stable Incl. [*} 7 -
Vi i (kms) — 6.030
D (g/em3) e 297
P (%) — 23

9% 4.LIS
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6[1]a[6]z [a] [s]o] [=
Depth: B36.7 to 8B37.6m

MAJOR ROCK TYPE—BASALT SILL

Macroscoplc Description:

Slightly altered medium to coarse grain-sized dolerite. Matic phenoerysts (1-2%, 0.240.5 mm)
in a fine grained matrix. Same unit a5 592,

Thin Section Description:
132-134 em: Dalerite from sill interior,
Phenocrysts: Olivine 1%, 0.1-0.5 mm, clay-chlorite p phs; pl lase (ARBOI 1%,

0.2-0.6 mm, subhedral laths,

Groundmass: Plagioclase (An60) 40%, 0.1-0.2 mm, subhedral? clinopyroxens laugite) 43%,
granular and subhedral; magnetite (Ti] 5%, <0.1 mm; quartz and alkali feldspar trace,
granophyre (?]; apatite (trace), masses of acicular crystals.

Alteration: Cerbonate [variables %) and brown and green clays (10%) replacing clinopyroxens
and olivine,

Texture: Ophitic.

Shipboard Geochemistry (XRF, %): Paleomagnetism/Physical Properties

Altered Basalt

132134 em Interval 68 cm 98 cm
5i0g 49.64 Intensity (103 emulem3) 4.8 =
TiOz 0.08 NRM Decl. 145.0 —
Alz03 1351 NAM Incl. () —67.0 -
Fel 1113 MDF {Oe.) —_— e
MnQ —_ Stable Incl. ") 7 s
MgO 7.08 Vi o lkm/s) — 5,952
Cal 1222 D lglem3) == 297
Naz0 —= P (%) —_ 23
K20 0.16
P20s —
Total —
LOIt 0.82
FeD+ MgO 1.39
Ca0+ Al203 0.90
FeD+ TiO2 11.36
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VISUAL CORE DESCRIPTION

FOR IGNEOUS ROCKS LEG | SITE CORE [SECT.

61 [a]e]2[a] Is[e] [a

Depth: 837.5 10 B38.0m

MAJOR ROCK TYPE—BASALT SILL

Macroscopic Description:
Slightly altered medium to coarse grain-sized dolerite. Mafic phenocrysis (1-2%, 0.2.0.5 mm]
in a fine grained matrix. Same unit as in 59-2 and 59-3,

Paleomagnetism/Physical Properties:

Interval 45 em 49.51 em
Intensity (10-3 emwem3) 4.8 e,
NRAM Decl. 1710 —_
NAM Incl. (") 576 -
MDF (O¢.) — —
Stable Incl. ("} ? o
Vi i (kmis) 6.038
D (glem3) - 203
P (%) - 26

9% d1IS
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VISUAL CORE DESCRIPTION g
E

FOR IGNEOUS ROCKS LEG | SITE CORE |SECT.

6[1]a[e[2]a] [s]e] [5
Depth: 839.0 to 840.4 m

MAJOR ROCK TYPE——PILLOW BASALT

Macroscopic Descriptions:

From 0 to 14 cm Is the bottom of the dolerite sill (unit?) from Section 59-4.

From 14 1o 150 cm are four Piliow basalt units {1469 cm, 53-86 cm, 85-113 em, and 113150
em), These are fine grain-sized pillow basalt with veins of zeolite, pyrite and green clays, Glassy
margins [1-2 em thick} occur at 15 em, B9 em, and 113-115 em, The interior basalt is made

of a few phenocrysts [1%) of clinopyroxene (< 0.5 mm) in a glassy to variolitic and equigranular
matrix of aphanitic dark and light gray basalt. Some coarser ground fragments have spotted
wextres.

Paleomagnetism/Physical Properties:

Interval 4-6 cm 20 em 87 cm
Intensity[10-3 emu/em3)- — 14.2 108
NRM Decl. — 240.0 39.0
NRM Inci. {*) — 552 444
MDF (Qe.) — 1100 95.0
Stable Ingl, {*) — 372 369
Vi {km/s) 6.096 — -

O (g/em3) 295 — —

P (%) 27 - -
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VISUAL CORE DESCRIPTION o
FOR IGNEQUS ROCKS LEG | SITE |g| CORE |SECT.
6|1[s]e]2|a] [s]o] |6

Depth: 840.4 t0841.8 m

MAJOR ROCK TYPE—PILLOW BASALT
Macroscopic Description:

From O to 50 cm is the bottom of the fine grain-sized basalt unit in the bottom of Section 59-5.
From 50 to 160 cm are four pillow basalt units (50-74 em, 74-90 em, 80-125 cm, and 125-150 cm).
Glassy margins {1-2 cm thick) occur a1 74 em, 90 cm, 95 cm, and 125 cm.

Thin Section Descriptions:

108-111 em: Altered basalt from Interior of flow,

Phenocrysts: Olivine trace, clay-pseudomorph; plagiociase (AnG8) 1%, 0.2-0.5 mm; clinopyroxens
taugite) < 1%, 0.1-0.3 mm, microphenocrysts.

Groundmass: Plagioclasa (A 6B 7%, 0.1-0.2 mm, sub I 1o anhedral; {augitel
7%, <0.1-0.16 mm, quench phase and granules; magnetite (Ti) 5%, < 0,005 mm, granules.

Alteration: Brown clays (10%) replacing all minerals.

Texture: Mixed intersertal to intergranular.

131-133 em: Glassy basalt from flow margin,

Phenocrysts: Olivine trace, elay pseudomorphs; plaglociase |AnBS) 1%, <0.2 mm, euhedral
tables clinopyroxene {augite) 1%, 0.1-0.15 mm, euhedral to subhedral with zoning: spinel
1%, <0.003 mm, inclusions in plagioclase,

Groundmass: Glass BB%, altered variolitic fine guench masses; magnetite {Ti} 10%, <0.002 mm,
fust-like; b ing clinopy arwd other minerals.

g quench phass, glass, and phenocrysts.

Clays {
Texture: Variolitic.

%) repl

Shipboard Geochemistry (XRF, %: Paleomagnetism/Physical Properties

Altered Basalt

131133 em Interval 11em 33-35cm 104 cm

Si0g 50.18 Intensity (10-3emwem3) 6.4 — 80
Tiogz 1.0 NRM Decl. 83.0 - 230
AlaO3 13.70 NRM Incl, ("} -52.0 — —48.7
FeO 11.43 MDF (Oe.) 70.0 —_— 130.0
MnQ - Stable Incl, (*) -37.0 - 44,2
MgO 7.78 Vo i lkmfs) = 5654 —
Cal 12.60 D {glem3) - - -
Nag0 - P % s s pane
K20 0.029
Pa0sg -
Total
Lot D29
FeO + MgQ 146
Ca0 +Ala03 081
FeD +TiOg 13N

9% 4.LIS
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE CORE |SECT.

6[1]4]6]2]a] [s]o] [7

Depth: 841.9 to B42E m

MAJOR ROCK TYPE——PILLOW BASALT

Macroscopic Description:

Fine grain-sized pillow basalt. Veins of pyrite, zeolite, and clay. A thin glassy margin

{1-2 em) oceurs at the top of the saction. This section is similar 1o the 59-8 section.

These fragments (Pieces 1 and 2) were in the her and their strati ic origntation
is unknown.
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VISUAL CORE DESCRIPTION
FOR IGNEQOUS ROCKS LEG CORE

6[1[a[6]z [a] [s]o] [

Depth: B42510844.0 m

SITE

MAJOR ROCK TYPE—PILLOW BASALT

Macroscopic Descriptions:

Three units of pillow basalts with glassy margins (1-2 em thick] occur from 0-40 em, 4074

cm, 74-113 em, and 113-150 (7} em.

These units range in texture from glassy to equigranular, Basalts have sparsa | 1%) phenocrysts
(0.2-0.4mm] of clinopyraxene in a light gray aphanitic groundmass. The coarser fragments have
holocrystalline g l of plagioel linopy . opaques, plus alteration products.

0-4 cm has a coarse grain-size, and B5-104 cm has a slightly coarse grain-size. Spots and veins
of pyrite, clay, and phillipsite. which are more abundant than previous cores.

Palsomagnatism:

Interval 17 em
Intensity (103 emufem3) 6.0

NAM Decl. 201.0

NRM incl. (") -48.9

MDF (Oe.} 110.0p
Stablelncl. (*) -37.0

9% ALIS
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE CORE

6/1]|al6]2]a| [6]0] |2
Depth: 844.0 10 B45.3 m

mroxT

SECT.

MAJOR ROCK TYPE—PILLOW BASALT
Macroscopic Description:

Four units of pillow basalts, with glassy margins {1-2 cm thick) occur from 0-14 em, 1455 cm,

55105 cm, and 105-150{?] cm, These units range in texture from glassy to equigranular.
Basalts have sparse (1%) phenocrysts (0.2-0.4 mm) of clinopyroxens in a light gray aphanitic

groundmass. The coarser fragments have holocrystalline g di of plag oY
opagues, plus alteration products.

From 18-43 cm is a slightly coarser grain-sized region. Spots and vains of pyrite, clay, and

and a ation of phillipsite occurs at 77 em.

Paleomagnetism:

Interval 47 em
Intensity (103 emufemd) 4.9
NAM Decl. 355.0
NAM Incl. ) —6256
MDF (Oe.} 765.0
Stable Incl. {*} -42.3
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VISUAL CORE DESCRIPTION 8
FOR IGNEOUS ROCKS LEG | SITE |E| CORE |SECT.
6[1]a]6[2[a] [6]o] |3

Depth: B45.3 to B46.Em

MAJOR ROCK TYPE——PILLOW BASALT

Macroscopic Description:

Two units of pillow basalts with glassy margins [1-2 em thick] oceur trom O[7)-102 cm,
102-150{7) em, These units range in texture from glassy to equigranular, Basalts have sparse
1%} phenocrysts [0.2-0.4 mm) of clinopyroxene in & light gray aphanitic groundmass, The
coarser fragments have holocrystalline g of plegioc linopy . Opaues,
plus alteration products.

From 31-65 cm is a slightly coarser grain-sized region. Spots and veins of pyrite, clay, and
phillipsite.

Thin Section Descriptions:

99-101 em: Slightly phyric basalt from sill bottom.

Phenocrysts: Olivine 1%, 0.3 mm, euhedral, sltered; plagioclase (A BBl 1%, 0.4 mm,

Groundmass: Plagioclase 5%, <0.008 mm, small laths, clinopyroxens 1%, 0.08 mm, irregular;

magnetite 3%, 0.06 mm, dust-like; glass 895, altered.

Alteration: Clays {20%) greenish-brown pssudomarphs after olivine, and reddish-brown
pseudomorphs after glass,

Texture: Hyalopilitic 1o interertal,

Shipboard Geochemistry {XRF, %): Paleomagnetism:

Altered Basalt

88-101 em Interval 86 cm
Si0g 47.90 Intensity (103 emulem3) 5.5
Tidg 1.0 NRM Decl. 12,0
Alz03 13.70 NRM Inch. () 515
FeD 10.87 MDF [Oe.) BE.Dpl?)
MnQ -— Stable Incl. (") ~45.4
MgO 7.35
Ca0 12,51
Naz0 -
K20 0021
P20s5
Total -
LOIt 0.36
FeD+ MgO 147
CaD+ Alg03 0.91
FeQ+ TiDg 10.76

9t 41IS
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VISUAL CORE DESCRIPTION g
FOR IGNEOUS ROCKS tec | siTe [g| core |secr.
6[1[ale]z]a] [s]o] [a

Depth: B46.8 to 847.6 m

MAJOR ROCK TYPE——BASALT

Macroscopic Description:

Fine to coarse grain-sized basalt. Basalts have sparse {1%) phenocrysts (0.2-0.4 m) of
clinopyroxene in a light gray aphanitic groundmass. Most of the fragments (20-90 cm|
are coarser basalts with 3 holocrystalline gr of plagi linopy )
opaques, plus alteration products.

From 20-80 cm are f,

g fram the teh

and their ori jon and g
position are unknown,
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG CORE |[SECT.

e[1ale|za] [6[1] |1

SITE

MAJOR ROCK TYPE—PILLOW-LIKE BASALT

Macroscopic Description:

Slightly altered pillow-like basalt with veins of zeolite (phillipsite) snd pyrite,

From 0-20 em grain-size decreases downwards from slightly medium grain-size basalt toa

glassy lower margin {1-2 cm thick). The main basslt is aphanitic with sparse spots of clinopyroxens
microphenocrysts.

From 20-70 cm is fine grain-sized basalt with upper {20-24 em) and lower (68-70 cm} glassy margins
[1-2 em thick).

From 70-150 cm is an upper {1-2 cm thick) glassy margin and the basalt has a gradually increasing
grain-size | ) to fine grainsize at 85 cm and slightly medium to medium at 150 em. The
coarser grain-sized basalt is intersertal.

Shipboard Geochemistry [XRF, %): Paleomagnetism/Physical Properties:

Altered Basalt

30-32 em Interval 3234cm 71em
Si02 47.49 Intensity (109 emulemd)  — 63
Tio2 101 NRM Decl. aa 57.0
Alg03 13.64 MAM Inel. *) — -EID
FeD 1.1 MDF (Oe.) - 140.0p
MnO - Stabile Indl. (*) . —43.1
Mg 7.35 Vp i (kmish 5881 —
Ca0 12.36 D lgfem3) 203  —
Ni20 - P %) 432 =
K20 0.021
P20 J—
Total =
Lon 063
FeO + MgQ 151
Ca0 + Alz03 0.90
FeO &+ TiDg 11.00

9% H1IS
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FOR IGNEQUS ROCKS tec | sime |g| core [sect,
6|1]ale]2[a] [8]1] |2
Depth: 853.0 to 854.5m

H
VISUAL CORE DESCRIPTION E
E
A

MAJOR ROCK TYPE——PILLOW-LIKE BASALT

Macroscopic Description

Slightly altered pillow-like basalt with veins filled with zealite and celadonite and pyrite.

The unit is a continuation of the preceding section (61-1].

From 0-122 cm is a single basalt unit with a lower glassy margin (1-2 cm thick), From 0-57 cm
is medium grain-sized; 57-100 cm is slightly medium 1o slightly fine grain-sized; and 100-122 cm
is fine grain-sized without a glassy lower margin. From 122-143 cm is a single fine grain-sized
basalt unit without glassy margins. From 143-150 cm are small {drill?) crushed particles.

Shipboard Geochemistry (XRF, %): Pal ism/Physical Properth

Altered Basalt

115-118 cm Interval 64-B6cm 67 cm
5102 47.81 Intensity (10-3emulemd) 73
Tioz 1.03 NRM Decl. — 1570
Alz03 1387 NRM Incl. °} — 529
FeO 10.88 MOF (Oe.} -— -
Mn0 - Stable Inch. (') - -
MgO 7.56 Vo i (km/s) 5734 —
Ca0 12.36 D iglem3) 282 -
Nag0 - P %) 4.0 —
K20 0.042
P05 =
Total —_
Lot 0.01
FeO+ MO 1.45
Ca0+ Alg03 0.89
FeO ¢ TiDp 10.66
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VISUAL CORE DESCRIPTION £
FOR IGNEOUS ROCKS tec | sire (E| come |secr.
6l1]al6[z]a] |6[1] |3

Depth: 854.5 to 856.0 m

MAJOR ROCK TYPE-——BASALT

Macroscopic Description:
Slightly altered basalt with veins of celadonite, pyrite, and zeolite. This section Is
the same unit as in Section B1-2

From 0-70 cm is an upper gldssy margin {2-3 em) and the lower portion is basalt with micro-
phenocrysts of elinopyroxene and olivine. Grain-size from 3-10 em is fine; from 10-20 em is
slightly fine {increasing), and from 21-68 cm is slightly medium to medium, From 75-180(7)
om is medium grain-sized equigranular, plagioclsse and clinopyroxene basalt. From 0-70 cm
and Piece 56 [~ 110 cm) are fresh, and 15-110 cm (Piece 5A) is slightly altered with abundant
veins.

Thin Section Descriptions:
16-18 cm: Microdolerite from sill interior.
Phenoerysts: Ollvine 1%, 0.4 mm, suhedral; plagioclase 1%, 0.6 mm, zoned.

Groundmass: Plagioclase {52%), 0.3 mm, microlites; clinopyroxens 39%, 0,12 mm, intersertal;

magnetite 7%, 0.1 mm, irreguiar; glass ~ 1%(7}.
Alteration: Carbonate {trace) and clays {5%) replacing interstitial.
Texture: Micredoleritic.

Paleomagnetism/Physical Properties:

Interval 3cm 4547 cm 122 cm
Intensity 103 emufem3) 7.2 —_— 66
NAM Decl, 3200 -— 213.0
NAM Incl. () 44.3 4 57.3
MDF (Oe} 140.0p — —
Stable Incl, (%} —35.6 - -_
Wi (kmis] — 5849 -

D (glem3) - 2.93 -

P %) — 3 _

9% HLIS
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VISUAL CORE DESCRIPTION £
E

FOR IGNEOUS ROCKS LEG | SITE CORE |SECT.

[e]1] Ja

6[1]a]e]2]a

Depth: 856.0 to 857.5 m

MAJOR ROCK TYPE—BASALT

Macroscopic Description:

Two basalt units with celadonite, pyrite, and zeolite veins,

From 0-100 cm is a single basalt unit continued from the previcus section. Grain-size from
0-70 cm Is medium {equigranular: from 70-88 cm grain-size decreases to fine; and at 98-100
cm is fine grain-sized chilled lower margin. From 100-15007) cm is a single basalt unit. From
100-121 em is the upper chilled margin of fine grain-sized basalt, and from 123-150 cm,
grain-size increases slowly from slightly fine to slightly medium grain-sized basalt with sparse
spots of clinopyroxene phenoerysts. From 3085 cm is slightly altered, and from 0-30 cm and
from 55-150 cm is slightly fresh,

Paleomagnetism/Physical Properties:

Interval 60-62cm 1189 cm
Intensity 1103 emujemd)  —— 60.0
NRM Deci. — 1220
NRM Incl. ("} - —75.0
MODF (Oe.} — 75.0
Stable Incl. ("] —_— —47.8
Vpi (km/s) 5851 —

D Iglem3) 284 ——

P (%) 4.1 -
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VISUAL CORE DESCRIPTION

FOR IGNEOUS ROCKS LEG | SITE SECT.

CORE

6|1]a]6]2[a] [6]1] [5

Depth: B57.5 to BE9.0 m

MAJOR ROCK TYPE—BASALT

Macroscopic Description:

Slightly altered, homogeneously slightly medium grain-sized, clinopyroxene phyric basalt,
with veins of celadonite, pyrite, and zeolite, Same unit as the lower portion of Section 61-4.

Paleomagnetism:

Interval 144 em
Intensity 1102 emufem?) 51
NAM Decl. 180.0
NEM Incl. (] s2.7
MDF (De.) —
Stable Inel. (") -

9% 41IS
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | sITE

CORE |SECT.

B|1 4|6]2 A I§|1

ls

Depth: B59.0 10 8583 m

MAJOR ROCK TYPE——BASALT
Macroscopic Description:

Slightly altered homogeneously slightly medium grain-sized clinopyroxene phyric basalt,

with veins of celadonite, pyrite, and reclite. Same unit as Section 61-5.
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FOR IGNEOUS ROCKS LeG | siTe
6|1]a]6]2

CORE [SECT.
e]2] [1

H
VISUAL CORE DESCRIPTION E
E
A

Depth: BBO.5 to 860.9 m
MAJOR ROCK TYPE——PILLOW BASALT
Macroscopic Description:
Slightly altared pillow basalt with weins of celadonite, zeolite (phillipsite) and pyrite,

From 0-27 cm is fine grain-sized, From 27-60 cm and 70-B4 cm is slightly medium grain-sized,

equigranular basalt with sparse spots of cli ysts (< 1.0 mm)} in an
apanitic groundmass. The 80-70 em interval is fine grain-sized. From B5-104 cm is slightly
medium grainized, equigranular basalt with sparse spots of clinopyroxene phenocrysts
{1-3 mm}. From 105-140 cm is slightly medium grain-sized, equigranular basalt.

Thin Section Description:

63-65 cm: Glomeroporphyritic basalt from boundary of two sills.

Phenocrysts: Olivine 1%, 0.2 mm, rounded, altered; plagioclase |AnB7-72) 3%, 1.2 mm,
elongated prisms, zoned tables; clinopyroxene trace, 0.4 mm, equigranular.

Groundmass: Plagioclase (variable %), laths microlites; clinopyroxene [variable %), irregular;
gless B0%, mesostasis.

Alteration: Clay [20%) pseudomorphs after glass and olivine.

Texture: Intersertal to microdoleritic.

Paleomagnetism/Physical Properties:
Interval S cm 9496 cm
Intensity (10-3 emufemd) 9.9 -
NAM Decl. 108.0 -
NAM incl. [*} —62.2 e
MDF [Qe.} — -
Suable Ine). [*) = =
Vip i (kmis) — 5.887
D (glem3) — 2.95
P %) - 34

79 d1IS
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VISUAL CORE DESCRIPTION o1
FOR IGNEOUS ROCKS tea | sime [g| come |secr.
6|1[a|6]z|a] [s]2] |2

Depth: 861.9 to 8634 m

MAJOR ROCK TYPE—PILLOW BASALT

Macroscopic Description:

Three slightly altered pillow basalt units with veins of eeladonite, pyrite and zeolite.

From 0-66 cm is a single unit of basalt and is a continuation of Section 62-1. From 0-46 cm

is slightly medium grain-sized equigranular basalt. From 46-62 cm is slightly madium grain-
sized, basalt with clinop lerop ysts {< 1.0 mm). From 62-66 cm
is fine grained-sized basalt. From 88-133 cm i3 a single basalt unit; from 68-73 em is fine
graln-sized, aphyric basalt. From 73-130 cm is slightly medium grain-sized, equigranular basalt
with dinopyroxens microphenocrysts {< 1.0 mm). From 130-133 cm is fine grain-sized basalt.
From 133-150(7) em is a single basalt unit. From 133-137 em is fine grain-sized aphyric basalt.
From 137-160(7) em is slightly medium grain-sized, lar basalt with Crysts
of clinopyroxene [< 1.0 mm),

Thin Section Description:
10-12 cm: Glassy microdolerite near upper portion of sill interior.
Groundmass: Olivine 1%, 0.4 mm, rounded; plagiociase 59%, 0.4 mm, microlites; clinopyroxene
32%, 0.2 mm, equigranular; magnetite 5%, 0.08 mm, dust-like; glass 3%, interstitial.
Clay (5%)] pseud hs after i itial glass and olivine.
Texture: Microdoleritic.

Shipboard Geochemistry (XRE, %): Pal [Physical P i

Altored Basalt

10-12em Interval 5254 cm 100 em

Si0z 50.18 Intensity (103 emufemd) — 8.0
Ti0g 1.04 NRMDecl. -— 175.0
Alz03 14.07 NRM Incl. (*) - -53.0
FeQ 10.09 MDF (Qe.) s 0.0
MnO -_— Stable Incl. (") = -36.4
MgO 7.65 Vp i (kmfs) 5778 -—
ca0 12.88 D (glem3) X —
Naz0 - P (%) 4.9 —
K20 0.018
Pa0g —_—
Total —
Lot 1.M
FeO + MgO 1.45
Ca0 + Al203 0.91
FeQ + TiD2 10.56
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE

6[1]als[2|a

CORE |SECT.

2] [3

Depth: 863.4 10 864.5m

MAJOR ROCK TYPE—PILLOW BASALT

Macroscopic Description:

Three slightly altered pillow basalt units with pyrite, celadonite, zeolite veins,

From 0-45 cm is a single unit of basalt which is continued from the lower unit of the previous
section (62-2). From 0-38 em is slightly medium to slightly tine grain-sized basalt, with spots
of clinopyroxene microphenocrysts. From 38-45 cm is fine grain-sized basalt. From 45-110cm
is a single unit of basalt, From 45-55 cm is a zeolita vein or cavity In a thin glassy chilled
margin, From 47-73 cm {below thin glassy margin} there is an increasing size of the clino-
pyroxene phenocrysts in basalt, From 73-100 cm these phenocrysts have a decreasing grain-
size. From 100-110 em is a fine grain-sized basalt. Fram 110-150(7) cm is a single unit of
basalt. From 110-122 em is fine grain-sized basalt with a vertical thin = 2 cm) glassy margin.

From 122-15017) cm is fine grain-sized basalt with rare spots of cli ysis.

Paleomagnetism/Physical Properties:

Interval 32-34cm Blem
Intensity(10-3emukm3d]  —— 7.0
MNRM Decl, - 1.0
NAM Incl. ("] - —65.3
MDF (Oe.) —— 120.0p
Stable Incl. (") —_— —50.3
Vpur {km/s) 5638 —

D (g/em3) 2.97 —
Pi%) 32 —

9% d1IS
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VISUAL CORE DESCRIPTION t
FOR IGNEQUS ROCKS LEG SITE |g| CORE [SECT.
6[1|a]e[2]|a| |6]z] |a
Depth:

MAJOR ROCK TYPE——PILLOW BASALT

Macroscopic Description:
Small {drill?) crushed particles. One relatively large piece has glassy margin, Other pleces
are fine grain-sized basalt with rare spots of clinopyroxene microphenocrysts {< 1.0 mm).
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VISUAL CORE DESCRIPTION i
FOR IGNEOUS ROCKS ea| sie |E| core |sect.

s[1]als]2]a] [6[3] |1

Depth: B64.5 to 866.0 m

MAJOR ROCK TYPE—BASALT

Macroscopic Description:

Threa microdoleritic units with veins of pyrite, celadonite and clay, and veins

of zeolite. Three units, from 0-25 em, 26-46 cm, and 45-150(7] cm are medium

grain-size microdolerites with upper and lower margins of glassy and aphanitic basalt with vesicles.
From 10-24 cm (Piece 2) are thin deridrite veins of fine grain-sized, more crystalline micredolerites
in aphanitic basalts. From 35-38 cm is an ash-like coarse-grained rock | @ eceo | with coarse
crystals of fresh plagioclase and clinopyroxene. These crystals are surrounded by alterad

aphanitic material.

Thin Section Description:

36-38 cm: Contact of variolitic and hyalopilitic basalts at & glassy margin.

Groundmass: Olivine {2%) In variolitic basalr; glass (?%].

Alteration: Clays (90%) in mesostasis replacing ghass snd alivine.

Texture: Variolitic.

Comments: Glassy spotted rone occurs on the contact. Interior of spots are infilled by
microdolerite aggregates,

Shipboard Geochemistry (XRF, %): Paleomagnetism/Physical Properties:

Altered Basalt
3638 cm Interval 123em  124-146 cm

Si0p 49.19 Intensity (103 emu/em3) 85 -

Tiog 1,33 NAM Decl 179.0 -

Al03 9.02 MAM inct. *} -52.8 -

FeQ 1393 MOF (De.) 55.0 —

MnO - Stable Incl. *) -20.2(1 -

MgO 10.46 Vi ¥ (km/s) i 5819

€a0 10,90 D (gfamd) e 2.95

Nag0 — P (%) — 4.0

K30 0.74

Pa05 S—

Total —_

Lot 208

Fed + MgO 1.33

Ca0 + Alg03 1.20

FeO +Ti02 10.47

9% ALIS
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE

l8]1]afe]2]a
Depth: 866.0 1o 869.5m

mroz

CORE |SECT.
lefa] |2

MAJOR ROCK TYPE—BASALT

Maeroscopic Description:

Two units of microdolerite (0-84 cm, 64-100 em) with veins of pyrite plus celadonite

and clay. These are similar 1o the dolerite in Section 63-1. There is a chilled contact a1 8585 cm.
From B5-85 cm are thin dendritic veins of fine grai d erystalline mi ites in aphanitic
[quenched) rocks of the chilled margin

Interval 66 cm 8890 cm
Intensity (10 omu/cmd) 5.9 —
NRM Decl. 3z27.0 —
NRM Ind. () -568.7 —
MDF (Oe.) 60.0 =
Stable Incl. (*} ~51.0 —
Vi (km/s) — 5.646
D (glemd) -- 293
P (%} — 4.9

o §
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE

6]1]a]6]2

CORE |SECT.
e]e] ]o

Depth: 869.5 10 871.0m

Plmroz

MAJOR ROCK TYPE—BASALT (SILL}

Macroscopic Description:

Fresh massive basalt (¢ill) with veins of celadonite and zeolite. From 0-141 em s

slightly medium grain-sized and equigranular with sparse spots of clinopyroxens microphenocrysts
{<1.00mm) in an aphanitic groundmass. The lower part of the section has slightly lews cling-
Pyroxens microphenocrysts than the upper portion.

Thin Section Description:

20-22 em: Altered basalt from sill interior,

Groundmass: Plagioclase (AnB8.70) 38%, 0.2-0.4 mm; clinopyroxene (augitel 40%, <0.2 mm;
magnetite (Ti) 5%, <0.08 mm, irreguiar; glass 7%, small interstitial patches, altered.

Altgration: Brown clays {10%) replacing glass and clinopy

Texture: Microdoleritic,,

1221256 cm: Altered dolerite fram fine grain-sized zone of sill interior,

Groundmass: Plegioclase (AnG8-T1) 40%, 0.2-0.4 mm, subhedral; clinopyroxens {augite) 45%,
0.1:0.2 mm, subhedral; magnetite [Ti] 5%, <0.08 mm, skeletal.

Alteration; Brown clays (10%) replacing clinopyroxene.

Texture: Microdoleritic,

Pl ism/Physical
Interval 33em
Intensity (103 emujemd 7.3
NAM Decl. 269.0
NAM Incl. (*] —673
MDF {Qa.} —
Stabie Incl. {*) s
Ve o (km/s) -—
D (g/em3) s
P (%) -

9% ALIS
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Depth: 871.0 0 8723 m

MAJOR ROCK TYPE—MASSIVE BASALT SILL

Macroscopic Deseription:

Slightly altered massive basalt sill with veins of celadanite, pyrite and reclite. This

is the same unit as in Section 64-1. From 0-160 cm grain-size gradually changes from slightly
medium 1o medium to slightly coarse, and textures are equigranular to subophitic. Basalt is
made of mi ysts of clinopy snd plagiociase, and microlites of clinopyroxe
plagioclase, and magnatite,

Dopth: 872310 873.6 m

MAJOR ROCK TYPE- —MASSIVE BASALT SILL

Macroscopic Description:

Slightly altered massive basalt sill with veins of celadonite, pyrite, and zeolite.

From 0-60 cm basalts are intergranular 1o subophitic, have a slightly coarse grain-size, and
have sparse spots of clinopyroxens phenocrysts [1-1.5 m). From B0-130 cm grain-size
decreases from slightly eoarse to medium, and the size of the clinopyroxena phenocrysts
spots are less than above this interval {< 1.0 mm).

From 115-127 cm the clinopyroxene microphenocyrsts are sitered to chlorite or clays.

Thin Section Description:

6062 cm: Altered dolerite fram sill interior

Groundmass: Plagioclase (An75-77) 35%, subhedral; clinopyroxene (augite) 456%, 0.2-0.35 mm,
subhedral; magnetite (Ti) 5%, <0.1 mm; glass B%, interstitial patches,

NS S SSSSSSSSSSNSNSNSNNN | Atteration

Alteration: Clays |15%) ing cli and glass, 4
M
Paleomagnetism/Physical Properties: 50—
Interval 7-8em 45 cm 121123 em
Intensity (103 emufem3) 6.1 == B
NAM Decl . -_— 229.0 -_
NAM tnel ) - -70.3 - "'
T MOF (0.} — —
Stable Incl. {*) - — L
Vp o (kmfs) 6.086 - 5372 =
D (g/em3) 2.99 - 292
P {%) 20 —_— 43
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG

6[1]4]6[2 |a

H
o
L
E

SITE CORE |SECT.

DONRC

Depth: 873.6 to 875.0 m

MAJOR ROCK TYPE—MASSIVE BASALT SILL

Macroscopic Description:

Slightly altered massive basalt sill with veins of pyrite, celadonite and zeclite.

Two basalt units [0-35 cm, 35-150 ? cm) may occur. From 0-35 cm is a single unit of basalt
and grainsize decreases gradually from slightly medium to fine. This unit is the same as that
in Section 64-3. Basalt has sparse spots of clinopyroxene (< 1.0 mm), From 356-150(7] em is
@ single unit of basalt. From 35-150 cm is basalt with Py i YIS,

From 35-105 cm grain-size Increases from slightly fine to slightly coarse. From 105-150{7) cm
grain-size decreases from slightly coarse to medium

Thin Section Description:
30-32 cm: Altered basalt from fine grain-sized zone of sill interior.

Phenoerysts: Olivine < 1%, 0.3-0.6 mm, clay pseudomorphs; plagioclase {An64-66) < 1%, 0.3-0.6 mm;

clinopyroxene {augitel < 1%, 0.5-0.2 mm, microphenocrysts.

Groundmass: Plagloclase (AnB5) 40%, <0.2 mm, subhedral; clinopyroxene [augite] 43%,
0.2 mm, subhedral; magnetite (Ti) 10%. <0.04 mm.

Alteration: Brown clays (7%) replacing all minerals.

Textura: Mixed equigranular and microdiabasic.

Shipboard Geochemistry (XRF, %): Paleomagnetism
Altered Basalt

30-32 cm Interval 45 em
5i02 49.18 litensity (10-3 emufemd) 7.1
Tioz 1.02 NAM Decl. 277.0
Alg03 14.23 NAM Incl. (") -52.7
FeO 10.76 MDF [Oa.] T0.0
MnO - Stable Incl, (") —40.0
MgO 747
Cal 12,56
Mag0 —
K0 011
P20s —
Total —
Lot 0.3
FeO = MgD 144
Ca0 + Al203 088
FeD + Ti0z 10.54
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FOR IGNEOUS ROCKS L | siTE |E

61

Dapth: 875.0 to 8765 m

CORE
[e]4] [s

SECT.

4l6f2]a

MAJOR ROCK TYPE—--MASSIVE BASALT SILL

Macroscopic Description:

Slightly altered massive basalt with veins of pyrite, celadonite, and zeolite, Three

basalt units (0-40 em, 40-110 em, and 110-150 7 em) may occur, From 0-40 cm is the same
unit % in Section B4-4, and grain-size decreases from medium to fine. From -40-110em is a
single unit of medium grainsized basalt with fine grain-sized margins [~5 cm thick]. The
basalt, has spots of cli i vst< 1% mm. From 110-150 cm is a single
unit of basalt with fine grain-sized upper margin (110-130 em, of drill{?} crushed particles)

and a core (below 130 cm) of medium grain-sized basalt with clinopyrox. ysts.

Palpomagnetism/Physical Properties:

Interval 27-28 em 30 em
Intensity (103 emuem3) 6.5
NAM Decl. — 13.0
NAM Incl. (*} e ~55.7
MDF (Oe.} -_— B0.0
Stable Incl. "} = -46.0(7)
Vp o lkm/s) 5.394 e

D lglem3) 281 —

P (%) 55 -

9% 4118



06t

Piece Number

1

Graphic
Reprasentation

S

|

g o ¥

Orientation

| A €

voIip

Shipboard Studies

V,0,p

| Alteration

Special Storage

VISUAL CORE DESCRIPTION

FOR IGNEOUS ROCKS SITE

afs[2]a

LEG CORE |SECT,|

61 [e]s] [1

Depth: 876.5 1o B78.0m

MAJOR ROCK TYPE-——MASSIVE BASALT SILL

Macroscopic Description:

Slightly altered massive and h madium grai o and dolerite with

veins of celadonite, pyrite and zeolite. This section belongs 1o a single cooling uml The dolerite
has < 1% clinopyroxene phenocrysts (0.7 mm) in 2 d of plagi 3

opaque minerals, and alteration products. There are a few clay-replacement patches and
alteration mainly occurs as heavy veining.

Paleomagnetism/Physical Properties:

Interval d4em  10-12em
Intensity (10°3F emulem3) 194 —
NAM Dud. 186.0 —_
MNAM Indl. (*) ~74.6 —
MDF (Oe.) —
Stable Incl. %) — -
Vp o (km/s) o 5.082
D lgfem3) _— 296
P (%) — 27

cm
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FOR IGNEOUS ROCKS LEG| SITE CORE

[e[s] ]2

Depth: 878.0 to 8795 m

H
VISUAL CORE DESCRIPTION E
E

6]1]a]s]2 [a

MAJOR ROCK TYPE—MASSIVE BASALT SILL

Macroscopic Description:
Slightly altered massive and homogeneous medium grain-sized subophitic dolerite with veins
of celadonite, pyrite, and zeclite. This section belongs to a single cooling unit and is the same
unit as in Section 65-1. The dolerite has < 1% clinopyroxene phenocrysts (0.2 mml ina

of plagioclase, clinopy , opaque minerals, and alteration products. There
nre a few clay-replacement patches and alteration mainly occurs as heavy veining,

Thin Section Description:
60-62 em: Altered dolerite from sill interior.
Phenocrysts: Olivine trace, 0.3-0.5 mm, clay pseudomorphs (clinopyroxene?).
Groundmass: Plagioclase |ANG3) 40%, 0.2-0.4 mm, to euhedral; cli
{augite) 45%, 0.2-0.4 mm, subhedral; magnetite (Ti) 5%, <0.1 mm, skeletal; eiass 2%,

interstitial patches,

A i Clays (10%)
Texture: Subophitic,

Shipboard Gaochemistry (XRF, %}:

Paleomagnetism/Physical Propartias:

Altered Basalt
6062 cm Interval 9395cm  122Zcm
si0g s0.11 Intensity (10-F emu/omd 30 —
Tioz 1.01 NAM Decl. 020 -
Al03 14.02 NRM Inci. {*) gy —
Fel) 1126 MDF (e} - —
zg Ve Stable Incl, (*) —_ -
{ Vi 5 [Nl — 6038
Ca0 12.25 bt — 297
Naz0 = P(%) - 22
K20 0.074
Pa0s —
Total s
Loit 055
FeO + Mg0 146
a0 * Alp03 0.87
Fe + TIO2 11.02

9 J1IS
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Depth: 879.5 to 880.0 m

MASSIVE ROCK TYPE—MASSIVE BASALT SILL

Macroscopic Description:

Slightly altered massive and homogeneous medium grain-sized subophitic dolerite. Veins of
pyrite, celadonite, and zeolite are more abundant than in Section 65-2. This section belongs to &
single coaling unit and is the same unit as Semon 651 The dolerite has < 1% clinopyroxens
phenocrysts (0.2 mm) ina g of . opaqua minarals, and
alteration products. There are a fow clay-replacement pa(che-s and alteration occurs as

heavy veining.

Paleomagnetism/Physical Properties:
Interval 10-12cm 46 cm
Intensity (103 emufem® 28.8 -
NRM Decl. 175.0 -
NAM Incl. (") —609.4 -_
MDF (Oe.) — —_—
Stable Incl. {*) —— —
Vel (km/s) = 5.876
D {glem3) - 297
P (%) -_— 74
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

LEG

SITE

mrox

CORE

SECT.

6|1
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|1

Depth: BB3.0 to 88456 m

MAJOR ROCK TYPE—MASSIVE DOLERITE SILL

Macroscopic Description:

Shightly altered massive and homogeneous medium grain-sized subogphitic dolerite with
celadonite-pyrite-clay veins and calcite-opal veins. This section belongs to a single cooling unit

and is the same unit as Section 651,

inagr of pl

The dolerite has < 10% clinopyroxene phenocrysts (0.2 mm)

. opague minerals, and alteration products. There

are a few day

Thin Section Description:

patches and al

occurs a8 heavy veining.

20-22 cm: Massive basalt sill near sill interior.
Microphenoerysts: Plagioclase (AnGS) 5-6%, 0.4-0.5 mm, tabular and prisms; clinopyroxena
34%, 0.4 mm, subhedral, some pale greenish.

Groundmass: Plagioclase 40%, 0.3 mm, dral i
0.3 mm, subhedral, microlites; magnetite 3-6%, <0.2 mm, ? l\rpes

45%,
1) targe skelatal

{associated with altered zone, secondary?), and (2) small dust-like.

Alteration: Clays [B-10%)

and clinopy . Veins are filled by

calcite on the outer sides and :miln:s on the inner part, and sometimes clay minerals

occur between them.

Texture: Subophitic to intergranular

g [Physical P
Interval
Intensity (10-3 emuem®)
NRM Decl,

NRM Incl. [}

MDF (Os.)

Stable Incl. [}

Vi o (km/s)

D iglem3)

P (%)

40 em

22
150.0
~772

142.144 em

5.962
297
25

9y 4.LIS
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VISUAL CORE DESCRIPTION E
FOR IGNEOUS ROCKS LEG | SITE [g| CORE |SECT.
6|1fafe[2]a] [6]s] |2
Depth: 884.5 10 B86.0
MAJOR ROCK TYPE—MASSIVE DOLERITE SILL
Macroscopic Dascription:
Stightly altered massive and h medium grain-sized subophitic delerite with

celadonite-pyrite-clay veins. This section belongs to a single cooling unit and is the sama

unit as Section 65-1. The dalerite has < 1% clinopyroxene phenoerysts (0.2 mm) in a groundmass
of plagioclase, clinopyroxene, opague minerals, and alteration products. There are a few clay-
replacement patches and alteration occurs as heavy veining.

Paleomagnetism/Physical Properties:

Interval GBem  124-146 cm
Intansity (103 emufem3l 230 -

NRM Decl, 180.0 -—
NRM Inel, {*) —833 —
MDF (Qe.) p—— —
Stable Incl. (%) - —

Vp i (kmis) - 5,809

D lglem3) S 298

P %) - 20

om
0 —
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VISUAL CORE DESCRIPTION

FOR IGNEQUS ROCKS LEG [ SITE CORE

P |mroz

6[1]al6]2]|a| |s]s] |3

Depth: BBE.0 to BB7.6Em

MAJOR ROCK TYPE—MASSIVE DOLERITE SILL

Macroscopic Description:

Shightly altered and h medium grain-sized hitie dolerite with
pyrite-clay vains. This section belongs to a single cooling unit and is the same as
Section 65-1. The dolerite has < 1% clinopyroxene phenocrysts (0.2 mm) in 8 groundmass
of plagioc! linopy . apague mi and alteration products. There are a few
clay-replacement patches and alteration ocours as heavy veining,

Paleomagnetism

Interval 57 em
Intensity (109 emulem¥) 22.4
NRM Decl. 153.0
NRM Incl. "} —75.6
MDF {Oe.) -
Stable Incl. (")

9% J1IS
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE

CORE |SECT.

6[1]4][6]2]a| [6[s] [4

Depth: 887.5 to BEB.3 m

MAJOR ROCK TYPE-—MASSIVE DOLERITE SILL

Macroscopic Description:

Slightly altered subophitic dolerite with celadonite-pyrite-clay veins, From 0-110 cm is
homogeneously medium grain-sized and from 110-130 em is slightly more fine

grain-sized microdolerite. This section belongs to & single cooling unit and is the same a5

Section 65-1. The dolerite has < 1% clinopyroxene phenocrysts (0.2 mm) in a groundmass

of plagiociase, clinopyroxense, opague minerals, and alteration products. There are a few
lay-repl patches and ion occurs as heavy veining.

F hysical F

Interval 9183 cm 83 cm
Intensity (103 emuiem3) 23.3
NAM Decl. - 1720
NRM Incl. {") —_— -80.9
MDF (De.} —— —
Stable Ingl. ("} = e
Ve (kmis) £.995 -—

D (g/em3) 287 _—

P (%) 25 —

150 —
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CORE |SECT.

61 ]a]e]2]a] [6]s] |5

Depth: 888.3 10 8896 m

MAJOR ROCK TYPE—MASSIVE DOLERITE SILL

Macroscopic Description:

Slightly altered phitic mi ite with pyrite-clay veins.

Grain-size is medium as in 110-130 cm of Section 66-4, This section belongs 1o a single
cooling unit and is the same unit as in Section 65-1. The microdelerite has < 1% clino-
pyraxene phenocrysts (0.2 mm) in a gr of plagioclase, clinopy opaque
minerals and alteration products. There are a few clay-replacement patches and alteration
occurs as heavy veining.

By foo B "
F hysical

Interval 6284cm B4cm
Intensity (103 emujemd) 176
NAM Decl. — 175.0
NAM lngl, () 383
MDF [Oe. — e
Stable Inel. () . o
Vp i (km/s} 5801 —
D lglem3) 300 —
P (%) 15 s

9% 4.LIS
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VISUAL CORE DESCRIPTION
FOR IGNEQUS ROCKS LEG | SITE

meoOT

CORE |SECT.

l6[s| |6

6[1[al62 |a

Dapth: 889.6 to B37.1m

MAJOR ROCK TYPE—MASSIVE DOLERITE SILL
Macroscopic Description:
Slightly altered itic dolerite with pyrite-clay veins. Grain-

size is medium as in 110-130 cm of Section 66-4. This section belongs to a single cooling
wnit and is the same unit as in Section 65-1, The microdolerite has < 1% clinopy

phenocrysts (0.2 mm) ina g of plagioc! inopy . opargue minerals and
alteration products, There are a few clay-replacement patches and alteration occurs as heavy
vaining.

F NySiCH Frop

Interval 70-72cm  T5em
Intensity (102 emufemd) 18.9
NAM Decl. - 171.0
NAM Incl. (") =8 ~78.0
MDF (Oe.) sate e
Stable Inel. {*) _ —
Vp 1 {kmfs) 6098 —
D (g/em3) 300 —

P (%) 15
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Depth: 887.1 to 8920 m

MAJOR ROCK TYPE——MASSIVE DOLERITE SILL

Macroscopic Description:

Slightly altersd i ite with ite-pyrite-clay veins. Grain-

size is medium as in 110-130 cm of Section 66-4. This section belongs 1o a single cooling unit
and is the same unit as in Section 65-1, The microdolerite has < 1% clinopyroxens phenocrysts
(0.2 mm) in a groundmass of plagioclase, clinopyroxene, opague minerals and alteration
products. There are a few clay replacement patches and alteration ocours as heavy veining.

Thin Section Description:

33-36 cm: Massive dolerite sill from sill interior.

Microphenocrysts: Plagioclass 25%, 0.4-1.0 mm, in part tabular to prismatic; clinopyroxens
16%, 0.5-1.0 mm, partly subhedral; magnetite 3%, skeletal

Groundmass: Plagioclase 26%, <0.3 mm, microlites; elinopyroxene 26%, 0.4 mm, microlites;
magnetite 3%, <0.2 mm, skeletal and dust-like? quartz and alkali feldspar form micro-
pegmatite (3-4%), skeletal magnetite associated; trace of green hornblende and opatite.

Alweration: Clays |5-6%) replacing plagioclase; chlorite [1-3%) in spols replacing clinopyroxene.

Texture: Subophitic to intergranular.

Shipboard Geochemistry |XRF, %): Physical Properties:

Altered Basalt

33-35em Interval 4-8em
5iDg 49.87 Vp i (kmls) 5.992
Tiog 0.89 D lglem3) 288
Alg03 13.81 P %) 21
Fel 11.29
MnO -—
Mg 810
Cad 12.34
Naz0 -
K20 0.045
P20s ——
Total s
Lot 070
FeQ+ Mgl 1.3
Ca0+ Alg0g 0.89
FeQ + TiOp 11.40

9% dLIS
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Depth: B82.010 883.3m

MAJOR ROCK TYPE——MASSIVE DOLERITE SILL

Macroscopic Description:

Slightly altered massive dolerite sill with veins of greenish white l.‘]l\f A fow (< 1%) ::henwvsu
of clinopyroxene in a coarse grained doleritic matrix of plagiocl e

and alteration products. Alteration consists of clay-patches in the rock am:l veins.

Thin Section Deseription:

8-10 em: Massive dolerite sill from sill interior.

Phenocrysts: Plagioclase (AnB0) 15%, 0.8-1.2 mm, prismatic; clinopyroxene 30%, 0.8:1.2 mm,
anhedral; magnetite +1.3%, 0.4-0.8 mm, skeletal,

Groundmass: Plagioclass 16%, <0.7 mm, 10 tabular, microlitic: cli 30%,
<0.7 mm, anhedral to subhedral, microlitic; magnetite 4%, <0.4 mm, skeletal and dust-like;
quartz-alkall feldspar form micropegmitite |4%), skeletal magnetite is associated; trace
green hornblende and apatite.

Alteration: Clays {5-10%] occur in spots replacing plagioclase. Chlorite (3-5%) in spots
replacing clinopyroxene.

Texture: Ophitic to intergranular.

Paleomagnatism/Physical Properties:

Interval 3Mem 119127 cm
Intensity 1103 smufem®  17.3 —
NAM Dacl. 180.0 —
NARM 1nel. (") -76.1 -
MDF (Oe.) S_— st
Stable Incl. ) — —

Vp 1 (km/fs) — 6.108

D (g/emd) -— 100

P % — 21
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MAJOR ROCK TYPE—MASSIVE DOLERITE SILL

Macroscopic Description:

Depth: B893.3 to 8348 m

Slightly altered massive dolerite sill with veins of green and white clay, 1t is the same
unit as in Section 67-1. A few (< 1%} phenocrysts of clinopyroxene in coarse grained
doleritic matrix of plagioclase, clinopyroxene, magnetites, and alteration products.

Alteration consists of clay-patches in the rock and veins.

Paleomagnetism
Interval 64 em
Intensity (103 emufem¥) 13.0

NRM Decl 191.0
NRM et 17 80.0
MDF (De.) 40.0
Stable Incl. () <-70.3

79 4LIS
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Depth: B94.8 1o 8963 m

MAJOR ROCK TYPE—MASSIVE DOLERITE SILL
Description:

Slightly alvered massive dolerite sill with veins of gree and white clay. This is the same unit

as in Section B7-1. A few (< 1%) phenocrysis of clinopyroxene in coarse grain-sized dolerite

matrix of i linopy 3 ite, and i ol Al

of clay-patches in the rock and veins.

consists

Paleomagnetism/Physical Properties:
nterval 24 cm 36 cm
Intensity (103 smufemd) — 186
NAM Decl —_— 191.0
NRM Inel. ') — -81.8
MDF [Oe.) == -
Stable Incl. [} —_ —_
Vp 1 km/s) 6127 —
D (g/em3) 300 —
P 1%} 2.1 -
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Depth: B96.3 to 8878 m

MAJOR ROCK TYPE—MASSIVE DOLERITE SILL

Macroscopic Description:

Slightly altered massive dolerite sill with veins of green and white clay. It is the same unit as
in Section 67-1. A few |<1%) phenocrysts of ¢l In coarse grain-sized dolerite
matrix of linopy , magnetite, and al ion | . Al consists
of elay-patches in the rock and veins,

Paleomagnetism

Interval 87 cm
Intensity (103 emufem?] 17.3
NAM Decl. 227.0
NRM Incl. (") =737
MDF Qe ——

9% LIS
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Depth: 897.8 10 8993 m

MAJOR ROCK TYPE——MASSIVE DOLERITE SILL

Macroscopic Description:

Slightly altered massive dolerite sill with veins of green and white clay. It is the same unit

& in Section 67-1. A few (< 1%] phenocrysts of clinopyroxens in coarse grain-sized dolerite
matrix of plagioc!. inopy . magnetite, and al ion products, Alteration consists
of clay-patches in the rock and veins.

Paleomagnetism

Interval B8 em
Intensity (103 emufem®) 17,1
NRM Decl. 187.0
NAM Incl, {*) -76.8
MDF (e} -
Stable Incl. (] i
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Depth: B99.3 10 900.B m
MAJOR ROCK TYPE—MASSIVE DOLERITE SILL
Macroscopic Description:
Slightly altered massive dolerite sill with veins of green and white clay. 1t is the same unit as in
Section 67-1, A few (< 1%} pt yits of Py in coarse gr d dolerite matrix
of plagioclase, cli el and alteration . Al consists of clay:

patches in the rock and veins,

Thin Section Description:

124126 cm: Massive dolerite sill near sill interior,

Phenocrysts: Olivine trace, 1.0 mm, clay-pseudomorphs; plagioclase {AnB0) 5-6%, 0.4-0.5 mm,
tabular and prismatic; clinopyroxene 3-4%, 0.4 mm, subhedral, some types are pale greenish,

Groundmass: Olivine 1-3%, 0.4 mm, chlorite-pseudomaorphs co-existing with magnetite;
plagioclase 40%, 0.3 mm,
lite; magnetite 3-6% <0.2 mm; Type 1 is skeletal and Type 2 is dust-like, skeletal type is
associated with alter zanes.

Al Clays (1% ing

Texture: Subophitic to intergranular,

Shipboard Geochemistry (XRF, %): Paleomagnetism:
Altered basalt

124-126 cm Interval &1 cm
Siog 49,67 Intensity (103 emu/em)  22.4
Tiog 089 MNRM Decl. 2230
Alz03 1381 NAM Incl. (") -71.9
FeQ 11.29 MDF (Oe.} e
MnQ - Stable Incl. {*) =
MgO 8.10
Cal 12.34
Naz0 -
K20 0.045
P20g =
Total -
LOIt 0.70
FeO+ MgD 138
Ca0 * Alg03 0.89
FeO+ TiO2 11.40

bhedral, microlite; el 45%, 0.3 mm. subhedral, micro-

gi Chlorite {2-4%) replaces olivine and clinopyroxene.

79t 41IS
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Depth: 900.8 to 901.0m

MAJOR ROCK TYPE—MASSIVE DOLERITE SILL

Macroscopic Description:

Slightly altered massive dolerite sil with veins of green and white clay. 11 is the same unit as in
Section 87-7. A few {< 1%} phenocrysts of clinopy in coarse grain-sized dolerite matrix
of plagi inop: ; and alteration products. Alteration consists of clay-
patches in the rock and veins.

Physical Properties:
Interval 17-19 em
Vp i (kmis) 5954
D lg/em3) 3.00
P %l (K-
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Depth: 901.0 to 902.4 m

MAJOR ROCK TYPE-—MASSIVE DOLERITE SILL

Macroscopic Description:

Slightly altered, subophitic to intergranular, medium to slightly coarse grain-sized massive
dolerite sill with veing of celadonite. This dolerite is composed of microphenoerysts of cling-
pyroxene (< 1.0 mm) and plagiociase {< 1.0 mm} and ites of clinopy
and magnetite. Clinopyroxene microphenocrysts aften lorm aggregates.

Paleomagnetism/Physical Properties:
Interval 43ecm 4850 cm
Intensity (102 emufom?) 259 —
MNAM Dect, 191.0 -
NAM Inci, () =75.7

MDF {Oe.}

Stable Incl, {*) e =
Vp i (km/s) = 6.136
D [gfem3) - 287
P (%) - 13

9¥ LIS
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Depth: 902.4 to 903.8 m

MAJOR ROCK TYPE—MASSIVE DOLERITE SILL
Macroscopic Description:

Stightly altered massive dolerite sill with veins of mainly celadonite. Same unit as Section 68-1.

From 0-105 cm grain-size decreases slowly from slightly coarse to medium, and textures
change from intersertal to At 105 cm grain-size abruptly changes to fine and
remains so through 111 em (possible boundary), There are sparse spots of clinopyroxens
micr ysts {1.0-1.5 mm, h ic). From 111-150 em are brecciated particles of
fine-grained dolerite.

Paleomagnetism/Physical Properties:

Interval 74-T6cm 126 cm
Intensity (102 emufemd)  — 10.8
NRM Decl. — 218.0
NAM inel. (*) S T ]
MOF (Qe.] - 45.0
Stable Incl. (*) —  <=40.0
Vo o (km/s) 6199 —

D lg/em3) 00 —

P (%) 1.1
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Depth: 903.8 10 905.3 m

MAJOR ROCK TYPE——MASSIVE DOLERITE SILL
Macroscopic Description:
Slightly altered massive dolerite sill with veins of mainly celadonite and rare pyrite.

From 0-11 em is slightly fine grain-sized. From 13-42 cm see sketch below with a possible
cooling boundary at 42 cm. From 43-50 cm is slightly fine grain-sized, From 50-116 cm
grain-size slowly increases fram slightly fine to medium, From 11617)-150 em grain-size
decreases siowly.

Paleomagnetism:

Interval 26 em
Intensity (10-3 emu/em3} 14.7
NAM Decl, 8.0
NRM Incl, [*) —B85.6
MDF (O} 10.0
Stable Incl. (*) -48.2

Massive dederite il

mexdium-groined

altnred anes?

finw-grainacd

slightly fine-grasnad
15 alightly finn-geainnd
28 anad ~2c: soe fligure
boundary
2d: slightly finegrained

2. ~4 |End): Increming grain size,
slightly fine-grainad 1o mediurm-grained

A~p: decressing grain-ize

Almration: tightly sltersd veins are
filled by mainly chiotite (rare pyrite)

9% dLIS
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Depth: 905.3 to 906.8 m

MAJOR ROCK TYPE-——MASSIVE DOLERITE SILL
Macroscopic Description:

Slightly altered massive dolerite sill with celadonite-pyrite veins. It is the same unit as Section 68-3.

From 0-6 em this piece is continued from the previous section and is slightly fine grain-sized
with clinopyroxene microphenocrysts (< 1.0 mm). From 7-27 cm is fine grain-sized. From
28-150 cm grain-size slowly increases from slightly medium 1o slightly coarse.

Thin Section Description:

116-118 em: Altered fine grained diabase from sill interior

Groundmass: Plagioclase (An70] 40%, 0.2-0.4 mm; clinopyrexene {augite) 40%, 0.153 to 0.3 mm,
subhedral; magnetite (Ti) 5%, <0.1 mm; glass 5%, interstitial glassy patches replaced by
brown clay; trace apatite.

Alteration: Brown clays (10%) replacing glass, and some of all altered minarals.

Texture: Subophitic.

Shipboard Geochemistry (XRF, %): Paleomagnetism/Physical Properties:
Alterad basalt
116118 em Interval 13em 107108 em
Si0p 49.05 Intensity (103 emwiem3)  17.5 —_—
Tiog 1.01 NRM Dacl, 230.0 —
Alz03 13.94 NAM Incl. %) =77.0 -
Fel 10.99 MDF (Oe.} - —_
MnD - Stable Incl. *) - —_—
MgO 7.46 Vol (kmisl — 5.934
Cal 12.36 D lgfem3) _— 293
Mag0 =i P (%) - 22
K20 0.034
P05 -
Total -—
Lot 1.07
FeO + MgOD 147
Ca0+ AlgO3 088
FeO+ TiD2 1088
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Depth: 906.8 to 908.0 m

MAJOR ROCK TYPE——MASSIVE DOLERITE SILL

Macroscopic Description:

Slightly altered massive dolerite sill with celadonite veins. 11 is the sama unit
a in Section 684

From 0-130 cm grain-size slightly decreases from slightly coarse to medium. The coarse
grained dolerite is equigranular,

Paleomagnetism/Physical Properties:

Interval 2Bom  108-110 em
Intensity (108 emufiemd]  27.1 —
NAM Decl, 185.0 —-
NRM Inel. [*) ~68.9 -_—
MDF (Ow.) —_ —
Stable Incl, ("} — it

Vo i tkm/s) - 6.160

D (glem3) e 298

P (%) -— 14

9% 41IS
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Depth: 908.0 to 9085 m

MAJOR ROCK TYPE——MASSIVE DOLERITE SILL

Macroscopic Description:

Stightly altered massive dolerite sill.

From 0-114 em is fine grain-sized. From 15-30 cm is slightly fine grain-sized, From

30-44 cm are crusted small particles of fine grainsized rock. A possible sill boundary occurs
at 44 cm.

Thin Section Description:
23-25 cm: Altered basalt from fine grain-sized portion of sill interior,

Phenocrysts: Plagioclase (An88] 1%, 0.2-0.3 mm, o , replaced; P
[augite) 1%, 0.1:0.3 mm, euhedral to subhedral.

Groundmass: Magnetite (Ti} 5%, <0.004 mm, dust-like; glass 93%, being replaced; sparse plagio
microlites, and quench clinopyroxens.

Alteration: Carbonate (variable %) replacing plagioclase and glass. Brown clays (?7%) replaces
all minerals.

Texture: Hyalopilitic,

Paleomagnetism:

Intarval 18 em
Intensity (10-3 emu/cm3) 6.7
NAM Decl, 170.0
NAM Inel. (*] —74.4
MDF (Oe.) 80.0
Stable Incl. (") ~38.6
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Depth: 810010 911.3m

MAJOR ROCK TYPE—MICRODOLERITE SILLS

Macroscopic Description:

Three units {0-10 em, 10-73 em, and 73-150 cm) of highly altered microdelerites with
celadonite-clay veins. These units are medium grain-sized in the sill interiors

with fine grain-sized to glassy margins near the contacts

Paleomagnetism/Physical Properties:

Interval 18cm 60-62cm
Intensity 1103 emulem® 8.7 e
NRM Decl. 170.0 =
NRM Ingl. "1 ~744 =
MDF (Oe.] 90.0 -
Stable Incl. (") -386 Ea
Vi o (km/sh o 5.605
o (afemd - 203
P (% = 20

9% 4LIS
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- 0=
DIt I I 012G W [- Depth: 912510919.0m
MAJOR ROCK TYPE-—MICRODOLERITE SILLS "’Q MAJOR ROCK TYPE- _MICRODOLERITES
Macroscopie Description: 7] # Macroscopic Description:
Highly altered dolerites with eing of lay, Twa units (021 em and 21-95 cm) of highly altered mierodolerites with weins of eeladonite-clay.
From 0-65 cm is the bottom of the sill unit from Section 69-1. From 85-124 cm is a The sills are fine grain-sized and glassy near the margins, and medium grein-gized in the sill's interior,
sill unit of small pieces of fine grain-sized microdolerites.
Thin Section Description: E Physical Properties:
T 28-30 cm: Glassy basalt from glassy margin of flow. Interval T7- 79 em
. Phenocrysts: Olivine 1%, 0.3-0.5 mm, ionabi hs; plegioclase | An70-72) 2%, vp I (km/s} 5,780
0.2-0.4 mm, euhedral; clinopyroxene (augite) 2%, 0.1-0.2 mm, i D (g/em3) 2.97
Groundmass: Plagioclase (variable %) small microlites and crystallites; clinopyroxens ! P (%) 1.8
{variable %), quench phase; magnetite (Ti) 5%, <0.008 mm, dust-like; glass 7%, highly \
replaced by clay. '
V.D.P Alteration: Brown clays repl ol and | VIS, i
M| Texture: Glassy to variolitic
\ Pal [Physical Properti
Interval 4345cm 45cm B9 em
Intensity (10} erwaiem®) —— 14.1 71
MNRM Decl. — 340 240
NRM Inel. (") - 542 -523
s MOF (Oe.) — 125.0 1100 T
Stable Inci. (') E 429 -390 _|4d *
Vp o (km/s) 5766 — —_—
D {glem3) 297 — — Jap|
P () 17— — %
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Depth: 919.0 to 920.6 m

MAJOR ROCK TYPE——BASALT UNITS

Macroscopic Description:

Two units {~25-100 cm and 100-150 em) of slightly altered basalt.

From 0-25 em are hyaloclastite and hyaloclastite breccia [see Sedimentary Deseription)
which may be cavings debris from the upper part of the hole. From 25100 cm is a single
unit of glassy to fine grain-sized aphanitic basalt. Interior portions of the flow units are
more coarse grain-sized snd have  phaneritic matrix of plagioclase, clinopyroxene, opagque
minerals and alteration products. A few clay spots are visible in the phaneritic frapments.
From 100-16017) cm may be ancther unitl?). The boundery at 100 cm is suggested by a
finer grain-size at the bottom of fragment 58; however, this fine grain-sized apophyses
could simply be a grain-size heterogeneity within a single unit

Shipboard Geochamistry (XRF, %):

Altered busalt

2.4 cm
Si02 90,69
TiD2 0.02
Al203 1.25
FeO 1.84
MnO —
MgD 1.01
Ca0 217
Naz0 —_—
K20 173
P20s —
Total -
Lokt 295
FeO + MgO 182
Ca0 + Alg03 1.73
FeD + TiOz 82.0
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Depth: 820.5 to 922.0 m

MAJOR ROCK TYPE—BASALT

Macroscopic Description:

Two units [0-133 em and 133-1650 ? cm) of slightly altered basalt.

From 0-7 cm are fine grai d apophyses in a medium grai i piece. From 7-150 em
grain-size gradually increases, and the middle and bottom portions are phaneritic. A few
small clinopyroxene phenocrysts are visible, & are spots of clay, chalcedony, and pyrite.

A pateh of chaleedony eecurs at 137 em.

Paleomagnetism/Physical Properties:

Interval 77-79cm 144 cm
Intensity 1103 emufemd]  — 120
NRM Decl — 216.0
NAM Incl. (") -— -71.3
MDF {De.) -_— 400
Stable Inci. (") = 35.6
Vp i (km/s) 6768 —

D (p/em3) 285 —

P (%) 28 _—
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Depth: 9220108236 m

P |mrox

ABE

MAJOR ROCK TYPE—BASALT

Macroscopic Description:

Two(?] units (70 cm to 20 em? and 207 to 150 cm?) of altered basalt.

From 0-20 cm ks probably the same unit as in Section 70-2. From 20-150 cm may represent

one or more possible units. Several of the fragments are out of order. Each handful of fragmemts
was placed In stratigraphic position as 1t was withdrawn from the linerless core band, but within
each handful of fragments no relative stratigraphic position can be inferred,

Many of the fragments have spots of v, 2eolite, green clay, and
pyrite. Grain-size variations are frequent and without apparent pattern. The interval may
reprosent a few units(?).

Thin Section Description:

95-87 cm:  Alteration vein in altered variolitic basalt from flow interior,

The rock is altered, variolitic basalt. The vein is dominantly
199.9%) & high bivofringent, fibrous mineral which looks like disordered hydro-mica, but
could be clay. Brown, low birofringent zeolite is also present. Green clays (0.1%) create
alteration patches in vein and replace the rock.

Palsomagnetism

Interval 145 em
Intensity (103 emutem 27.4
NRM Decl. 182.0
NRM Incl, ~55.4
MDF (Qe.) 50.0
Stable =311
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG

61]ale]2|a

SITE CORE |SECT.

[2[o] [4

Depth: 9235t 9238 m

MAJOR ROCK TYPE—BASALT

Macroscopic Description:
Altered medium grainsized, sub-phaneritic basalt with patchy texture typical of the flow units.
From 17-23 cm fine grain-sized apophyses occur in medium grain-sized basalt,

Thin Section Description:

17-20 em: Altered fine grain-sized basalt i medium grain-sized basalt.

Phenocrysts: Plagioclase (AnB5] 2%, 0.1-0.2 mm, euhedrel-subhedral; clinopyroxens
{augite} 3%, 0.1-0.2 mm, eubedral subhedral.

Groundmass: Plagioclase (An65] 42%, the coarse grained rock is <0.08 mm and equigranular
to subophitic, the fine-grained rock is 0.002 mm and granular; clinopyroxena {augite) 43%,
the coarse-grained rock is <0.04 mm and aquigranular to subaphitic, fine-grained rock
is 0,007 mm and granular; magnetite (Ti) dust-like, <0.04 mm, 15% in the fine grainad
rock and 10% in the cosrse grained rock.

Alteration: Brown clays (10%) replacing all minerals.

Texture: Variable granular fine grained rock and equigranular coarse grained rock.

9% ALIS
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VISUAL CORE DESCRIPTION i 'E = § v ¢ ‘g VISUAL CORE DESCRIPTION E
FOR IGNEOUS ROCKS LEG | SITE [g| CORE [SECT. 2 o8 § «E 23 FOR IGNEOUS ROCKS LEG | SITE |g| come [secT.
E B 8 & 5 &
o[ ke[ T T m 85544 s[1[a[ ez TT=[ T
0 —
Depth: 928.0 to 928.7 m D Depth: 931.010 9325 m
1
MAJOR ROCK TYPE——BASALT ] q MAJOR ROCK TYPE——MASSIVE BASALT
Macroscopic Description: E-3 / Maeroscopic Description:
Altered basalt, basaltic breccia, and possible pillow brecciated basalt, 42l D / Slightly fresh homogeneous, massive medium to slightly eoarse grain-sized subophitic to
intergranular basalt with veins of mainly celadonite. This basalt has phenocrysts
Thin Section Description: — 28 / and microph yits {2 1 mm) of i . clinopy , and ite (7). It has
34-36 em: Basalt Intrusive breccia from brecciated rone of pillow(?) margin {clinopyroxane- ./ icrolites of i i ait 3
lagioclase phyric variolitic vitraphyric basalt). Teel O
Phenocrysts: Clinopyroxene-plagloclase s / Pals ism/Physical Py i
Groundmass: Swirly mixture of hyalopilitic and vitrophyric spherulitic basalt. Intruded and - Interval 4345cm 85cm
brecciated by (now) coarse grained, liquid. The coarse grained basalt is similar in texture 44l / Intensity (10% emulem?) 21.8
10 other basalt apophyses found lsewhere. Alteration vein transect previously formed NAM Decl. = - 2110
breccia; brecciation was probably caused by intrusion of later liquid. - / NRM Incl. ("] — -685
Texture: Variolitic-vitrophyric basalt. x V4 MDF “:I'e-ll . — =
44-47 em: Basslt pillow (7} from interior, coarser grained portion of a pillow. Clinopyroxene- - " P V,I‘.‘I,F/ ﬁuﬁk:‘:!‘]‘ ! ;_; T
plagioclase, v cvitrophyric basalt, d D| 3 Sl
i i5s. Clinody ; 50— L/ D lg/em3) 296 —
Conti and i tatlon in grain-size from variolitic 1o 1! ) / LB 30 e
texture, - P /
Texture: Variolitic to equigranuler. =
50-52 em: Basalt pillow interior of coarse arained portion: clinopyroxene-plagioclase phyric /
equigranular basalt with clay-filled, rounded vugs (abundant). N
Paleomagnetism/Physical Properties: green altored —1 %
Interval 44-46em B9 om Basalt matrin » /
Intensity (102 emu/em3) — 5.0 ) E L
MAM Decl. iy 334.0 matria
NAM Inct, (") -_ -563.2 . /
MDF (Qe.) — 95.0 T (:1:]
Stable Incl. (*) — 2420 S ]
Vip i [km/s) 4,159 — Piece & light gray ] /
D (glem3) i = fraah aphanitic —=—]
P %) = i et il ’ d
100—{7A d
green matrix Vot ot 8 B /
aphanite fragmans -
T light gray aphanitic zone i
Tight geay altered rone ™ 4
Pince & E
e batalt with —
-’—mﬁ.@ii‘l?..fcr..",‘.:!;.['“"" <] ¥
posible hyalociastite pillow breccia =170 )
1 Pyritu+Ca*Clay alteration pocket
2 [B- Duk gray aphonitic basalt 1
3 [ Lighr gray o) igivily mors crystalling basal (7}
4 B Light green altered basalt with clay veinlets /

9% HLIS
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Depth: 932.5 to 834.0 m

MAJOR ROCK TYPE——MASSIVE BASALT SILL

Macroscopic Description:

Two units (0 ? -90 cm and 90-150 ? ©m) of slightly altered massive dolerite sills,

From 0-78 em s slightly coarse grain-sized and is ophitic to intergranular, From 78-88 em
the grain-size gradually decreases to slightly fine. Texture is hyalopilitic. From 8892 cm
is fine grain-sized basalt with sparse clinopyroxens microphenocrysts. From 92-85 cm is
slightly fine grain-sized with sparse clinopy i rysts. From 85-180 em is
slightly coarse to medium grain-sized.

Shipboard Geochemistry (XRF, %): Physical Properties:
Alterad basalt
53.55em 124-126em  Interval A44-46 em
S0z 4978 49.25 Voo (km/s) 6.017
TiD2 1.08 1.08 D lglem3) 297
Alz03 13.74 13.79 P %) 1.7
FeO 11.658 10.68
M - -
MO 7.93 753
Cal 12.15 12.40
Naz0 - e
K20 0.09 0.09
P205 = K2
Total — —
LIt 0.93 0.76
FeQ+ MgD 1.45 1.40
Ca0 + Al203 0.88 0.89
Fal +TiDg2 11.00 10.07

Picce Number
Graphic
Representation

L

=8

&

7T

=
o,
L=

g I

150 —

Orientation

Shipboard Studies

SOSSUOISN NNUNSIONENSN, NSNS, | Atteration

NN

Special Storage

H

VISUAL CORE DESCRIPTION @
FOR IGNEOUS ROCKS LEG| SITE |g| CORE |SECT.
6|1]alsl2[a] |7]2] |2

Depth: 934.0 to 9348 m

MAJOR ROCK TYPE-—MASSIVE BASALT SILL
Macroscopic Description:
Slightly altered, slightly coarse grain-sized massive dolerite sill. Same unit as in Section 72-2.

9% 91IS
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553 2 VISUAL CORE DESCRIPTION L E £53F & VISUAL CORE DESCRIPTION 2
2 ef E3 23 FOR IGNEOUS ROCKS LEG| SITE |E| CORE |SECT. 2 u§ 3 H 2 3 FOR IGNEQUS ROCKS LEG | SITE |g| CORE |SECT.
2 | - e B
8522 s g 6]1ale|2]a] [7]3] |1 § 853 : £3 6]1]a]s]2
";‘iurzﬁﬁq om 2 S8 5 F & 2lal |7|3] |2
— 0 — —
Depth: 937.0 to 938.5 m 14 Depth: 938.5 to 840.0 m
MAJOR ROCK TYPE——MASSIVE DOLERITE SILL -] MAJOR ROCK TYPE——MASSIVE DOLERITE SILL
Macroscopic Description: - Macroscopic Description:
Slightly altered, slighly coarse to coarse grain-sized, ophitic 1o equig massive dolerite E Slightly altered, slightly coarse to coarse grain-sized massive dolarite sill with veins of zeclite
sill with veins of celadonite and zeolite. This dolerite is composed of phenocrysts of plagioclase, 28 v.D.P and celadonite, This is the same unit as Section 73-1,
Thin Section Deseription:
Paleomagnetism/Physical Properties: h 28 f__/.rl 124-126 em: Altered dolerite from sill interior,
Interval 3739 me 103 em g!’ Groundrmass: Plagicclise (An70-72) 40%, 0.3-0.6 mm, subhedral; clinopyroxene {augite)
Intensity (103 smigem3) —— 21.7 ] 7 40%, 0.3-0.6 mm, subhedral; magnetite {Til 10%, 0.2-0.5 mm, dust-like and skeletal;
NAM Decl. — 1765.0 2 trace of granophyric, intergrowth of quartz and alkali feldspar; trace of apatite.
NRM Inei. (") —_ -81.1 OS Alteration: Brown clays [10%] replacing all minerals,
MDF [Oe.) — — - 3 d Texture: Subophitic.
Stable Incl. (*) - .
Vi (kms) 5452 - 4 ij Physical Proparties:
D (glemd) 283 — : Interval 19-21 em
P (%) 38 - H0—4A -0 Vi it lkmvs) &1
D fylomd) 294
-1 P % 3

1
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VISUAL CORE DESCRIPTION
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MAJOR ROCK TYPE——DOLERITE SILL
ic Description:
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Depth: 940.0 to 840.6 m

Two units (0 ? -27 em, and 27-150 7 cm) of slighty altered massive dolerite sills.

From 0-7 ¢m are crushed [drill crushed?) particles of coarse to slightly coarse grain-sized
basalt. From 7-15 cm is coarse to slightly coarse grained basalt. From 15-23 em is coarse

grain-sized basalt with megacrysts of clinopyroxene. The margins of these crystals are

replsced to clay mineral. From 37-45 cm basalt is slightly medium grain-sized, and from

45-60 cm it is medium grain-sized.

Paleomagnetism/Physical Propertios:

Interval
Intensity (10 emuiem3)
NAM Decl

NAM Inel. 1°}

MDF (Oe.)

Stable Incl. {*)

Vp i (km/sh

47 em

26.7
166.0
—64.6

52.54 em

o (g/emd) e
%) - 2.8

=

i K]

E E
3

2 %g

m & 32
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Depth: 946.0 10 947.4 m

MAJOR ROCK TYPE—MASSIVE DOLERITE SILL
Macroscopic Description:

Stightly alterad massive dolerite sill with veins, Dalerite is medium grain-sized subophitic to

and has rare

P ysts of clinapy

From 33-75 cm common velns and altered patches oceur, which are made of zeolite, chlorite,

pyrite, and a small amount of magnetite.

Paleomagnetism/Physical Properties:

Interval 57cm Bem
Intansity 1103 emwem?) —— 228
NRAM Decl _ 2230
NRM Incl. (") —_— =731
MOF (Qe.) e —
Stable Inel. ()

Vp 1 (km/s) 5850 -—-
D lglem3) 294 —
P 1%} 37 —

9 4118
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g 8 85 8 B § %
5 23 s[1]s]e[2[a] [7]e] |2 m $5855 23 s[1]s]e[2[a] [7]a] s
Depth: 947.4 10 9489 m / Depth: 948.9 to 950.1 m
A
MAJOR ROCK TYPE—MASSIVE DOLERITE SILL _ bl {/; MAJOR ROCK TYPE—
Macrascopic Description: o _ ) % Macroscopic Description:
:“thhf a_lma_i massive d;lerne sill with veins of celadonite and zeclite. - ® / Slightly altered, slightly coarse grain-sized massive dolerite sill with veins of
ama units s fn Section 74-1 caladonite and zeolite. |t is the same unit as Section 74-2,
From 0-14 ¢m is medium grain-sized. From 14-150 em is medium to slightly coarse grain- ] /
sized and is ophitic to intergranular. RET: / Paleomagnetism/Physical Properties:
Interval 37cem 118120 cm
Physical Properties: =3 L/ Intensity (10 emufem?) 17,5 =
Interval 79-81cm / NRAM Decl. 214.0 —
Vp o (km/s) 5660 - M NRM incl, (*} 711 -
- AT -
. te table Incl -
/ Vit (kmis) - 8.075
. D lgfem3) 2.97
/ P (%) — 3
50—
1) /
i L
g V]
711D
V,D,P|
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Depth: 850,71 to 851.6 m

MAJOR ROCK TYPE——MASSIVE DOLERITE SILL

Macroscopic Description:
Slightly altered, slightly coarse grain-sized massive dolerite sill. 1t is the same unit asin
Section 74-3,

From 23-28 cm the basalt contains granophyric schiieren.

Shipboard Geochemistry {XAF, %): Physical Properties:
Altered basalt
T2-74 cm Interval 123125 cm
Si02 50.54 Vp i (kmish 5.902
Tioz 102 D (/em3) 2,84
Alz03 14,02 P (%) a7
FeOQ 11.63
MnQ -
MgO 782
CaD 12.63
Nag0 —
K20 0.04
P205 —
Total
Lot 0.80
Fel s MgD 1.48
Cal + Alg0a 0.90
FeD + TiO2 11.40

o §

m Alreration

C Mo = [ &L
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VISUAL CORE DESCRIPTION

FOR IGNEOUS ROCKS LEG [ SITE CORE
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Depth: 951.6 to 953.0 m

MAJOR ROCK TYPE—MASSIVE DOLERITE SILL
Macroscopic Description:

Slightly altered, slightly coarse grain-sized massive dolerite sill with vains of celadonite
plus reolite, It is the same unit as Section 74-4,

Paleomagnatism/Physical Properties:
Interval 86cm  94.96 cm
intensity (103 emwem® 16,1 s
MREM Deci. 2230
NAM Incl. ") -71.9 =5
MDF {Oe.) L

Stable Inch. () — -
Vip o tkm/s) _— 5078
D lgfem3) e 2.96
P (%) 46
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Dapth: 953.0 m

MAJOR ROCK TYPE——MASSIVE DOLERITE SILL
Macroscopic Description:

Slightly altered, slightly coarse grain-sized massive dolerite sill. It is the same unit as
Section 74-5.
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Depth: 953.0t0 7 m

MAJOR ROCK TYPE——BASALT DOLERITE AND SEDIMENTARY ROCK FRAGMENTS
Macroscopic Description:

There are gight fragments (0-20 cm) of basaltic rock which are medium grain-sized dolerite
similar to that of Core 73, One fragment is fine grain-sized which is similar to that of

Core 72.

From 30.43 cm are small pleces (0.5-2,0 em) of sedimentary rock.

None of these fragments has 8 known orl of & known stratig position, These
were collected in “tool" fishing operation.

9% dLIS
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Depth: 953.0 to 95456 m

MAJOR ROCK TYPE——DOLERITE

Slightly altered, gray (N5), homogenous dolerite with joints lined with dark greenish black
lonite. Mi ysts of and plagioclase occur in o holocrystalline medium

grain-sized doleritic groundmass.
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Depth: 954.5 10 956.0 m

MAJOR ROCK TYPE—DOLERITE

ic Description:
Gray [NS), very slight alteration (parhaps weathering], hemogenous dolerite with joints which
are frequently coated with slickensides and a greenish-black coating  Pyroxene and plagioclass
micraphenoerysts occur in @ holocrystalline medium grain-sized groundmass.

Physical Properties:

Interval 31-33cm
Vi i lkmds) 6,232
Vp L {kmfe) 6.254
D (g/om3) 2.96

P (%] 3.39

9% H1IS
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Depth: 956.0 1o 957.6 m

MAJOR ROCK TYPE——DOLERITE
Macrascopic Deseription:

Gray (N5), slightly altered, homogeneous dolerite with rare veins (thin layers on most joints),

Microphenocrysts of pyroxene and feldspar (laths) in & holoerystalline medium grain-sized
doleritic groundmass.

Piace 5 was placed in shrink tubing for cutting. The heat required to shrink the tubing may
atfect magnetic studies.

5

[~
g -]
i
2 e
§ s
& O
»
1.
e

Shipboard Studies

LSS S S SSNSSSVRVAT RN NN NNNNNANANN AN NNNN NN AN ANANAN N N NN N NN Aeration

Orientation

V.0.p

Special Storage

VISUAL CORE DESCRIPTION
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6]1]e6]2a

Depth: 957.5 to 958.0 m

MAJOR ROCK TYPE——DOLERITE

Macroscopic Description:
Gray (N5), slightly altered homogeneous dolerite with joints. Alteration occurs particularly

slong the joints and most joints are lined with pale green fibrous mineral. Jointing is irregular,

but mare comman than in Sections 75-1 through 75-3. The dolerite has microphenocrysts of
pyroxene and plagioclase in a holoerystalline, medium grain sized groundmass.

Rock numbers 1, 4B, and 5C wero put in shrink tubing ithus heated), which may affect
paleomagnetics.

Thin Section Description:

78-80 em: Dolerite from sill interior.

Groundmass: Plagiocliase 54%, 0.5 x 0,005 mm, laths; clinopyroxens 37%, 0.2 x 0.2 mm,
equidimensional; magnetite and limenite 7%.

Alteration: Clays (3.1%) replacing all minerals.

Texture: Subophitic,

Physical Properties:
Interval 10-13 em
Vo1 (kmis) 6.18
vp L lkmis) B2
D lgfem3) 2.98
P (%) 27

9v LIS
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VISUAL CORE DESCRIPTION

mrox

FOR IGNEOUS ROCKS LEG | SITE CORE |SECT.
6[1]alel2 a] [7]s] [s
Depth: 853.0 10 958.0 m
MAJOR ROCK TYPE—DIABASE
Macroscopic Description:
Gray (NG) dolerite which has & lagioclase g and I yits.

It is homogeneous except for a few patches of slightly mare mafic-rich regions, mostly near the
base of Piece 7 and the top of Piece 8. Distinet slickenside development at the base of Piece 4
with some pyrite crystals. Slickensides are dark green to black.

Thin Section Description:

31-32 em: Dolerite from flow or sill interior,

Groundmass: olivine <0.05% rep by clay; plagi 54%; cli 36%: mag
and itmenite 5%,

Alteration: Clays 5%} replacing olivine and glass [71.

Texture: Subophitic,

122124 em: Dolerite from tlow or sill interior.

Groundmass: Plagioclase 58%; clinopyroxene 31%; magnetite and (imenite 6%.

Alteration: Clays (5%) replacing glass (7).

Texture: Subophitic,
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CORE

SECT.

61[a]s[2]a] |7[e] |1

Depth: 958.0 to 967.0 m

MAJOR ROCK TYPE——BASALT

Macroscopic Description:

Fresh to slightly altered basalt, which is made of pyroxene phanocrysts set in holocrystalline
aroundmass of pyroxene and plegioclase.

From 047 em basalt is homogeneous and has a doleritic texture. From 55-70 cm is finer in
grain-size thon above, but does not appear to exhibit any internal texture variation. Piece §
{55-70 em] contains a grean alteration mineral, pyrite, and zeolite along a fracture zone.

Thin Section Description:

5961 em: Dolerite fram flow or sill interior.

Phenocrysts: Olivine completely altered to clays.

Groundmass: Plagioclass 38%, 0.1-6.0 mm, laths; clinopyroxene 38%, 0.05-0.3 mm, 2V =
45.-60°, equigranuler, partially altered; moagnetite and ilmenite 7%; gless completely altered
to clay.

Alweration: Carbonate (trace) in velns, Clays [17%) replace glass, olivine, and occurs in the
imerstices. Zeolites and some pyrite occur in veins,

Texture: Subophitic.

Physical Properties:

Interval 4345 cm
Vp il (km/s) 5.96
Vp L (kmis) 610
D (g/em3) 2.98
P (% 33

9% dLIS
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VISUAL CORE DESCRIPTION
FOR IGNEQUS ROCKS LEG

61

SITE CORE
als[2[a] [7]7] |

Depth: 967.0 to B6B.6 m

MAJOR ROCK TYPE—BASALT

Macroscopic Description:

Two units (0-78 cm, and 78-150 cm) of gray (N5l holocrystal basalt with veins filled with a green
mineral, sbundant pyrite lup to 7 mm), zeolite (7), and calcite (7). The basalt is holocrystalline
and is made of plagioclase plus pyroxene.

The basalt appears identical to basalt deseribed in Core 76 except that grain-size decreases from the
top of Core 77, Section 1, 1o the bottom of Piece 3E (78 em), the grain-size increases from the top
of Piece 44 (B0 cm) to 150 em. The interval batwean Pieces 3E and 4A Is interpreted a5 a contact
separating two cooling units, Glass is not Tound, howaver, the basalt is highly fractured, which are

now veins. {Optical study of white vein material in Piece 4F reveals calcite, but no zeolite.)

Thin Section Description

21-Z3 cm: Dolerite from flow or sill interior.

Groundmass: Plagioclese 40%, 0.2 x 0.02 mm, laths; clinopyroxene 47%, 0,02 1o 0.08 mm,
equidimensional; magnetite and [Imenite 5%,

Altaration: Clays (8%) in scattered locations replacing mainly clinopyroxene.

Texture: Subophitic.

75-77 em: Basalt from interior of sill (7).

Phanocrysts: Olivine 1:2%, 0.1-0,2 mm; plagioclase < 1%, 0.05-0.1 mm; clinopyroxene < 1%,
0.05-0.1 mm.

Groundmass: Olivine 2%;
glass is altered to clay.

Alteration: Clays (1%} replacing olivine,

Textre: Intergranular 1o weakly variolitic,

42%; clinopy 42%:; mag and ilmenite 14%;

Physical Properties:
Interval 20-23 cm
Ve 1 (km/s) 587
Vp Likmfs) 587
D lglem3) 287
P (%) an
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H
VISUAL CORE DESCRIPTION E
E

FOR IGNEOUS ROCKS LEG | SITE CORE [SECT.

61

als[2]a] [7]7] T2

Depth: 958.5 to 860.0 m

MAJOR ROCK TYPE—BASALT

Macroscopic Description:

Gray IN5-NBG) h il grain-sized basall with fracn and veins filled with
pyrite and zeolite(?), Little or no obvious alteration of rock away from veins. Basalt s
holocrystalline and is made of ing pl lase and py forming a doleritic
texture.,

Thin Section Description:

70-73 em: Dalerite from flow or sill interior,

Phenocrysts: Olivine complately altered to brown clay.

Groundmass: Plagiociase 40%, 0,05-0.3 mm, laths, slightly altered zoned clinopyroxens 40%,
0.04-0.15 mm, y aliered; and ilmenite 8%; glass complately
altered,

Alteration: Clays [13%) replacing olivine phenocrysts and interstitial olivine and glass,

Texture: Subophitic 1o variclitic,

Physical Properties:
Interval 70-73 cm
Vp 1{kmis) 5.78
Vpt (kmis) 576
D lg/em3) 297
P (%} 47
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VISUAL CORE DESCRIPTION E
E

FOR IGNEOUS ROCKS LEG | SITE CORE

s[1 [4] 6] 2]a

|7]7] |3

Depth: 960.0 to 961.5 m

MAJOR ROCK TYPE- —BASALT

Macroscopic Deseription:

Gray (N5), fresh to slightly altered h ized basalt with fractures
and velns consisting of pyrite, zeolite (7), and dark green alteration mineral. Basalt consists
of plegioclase and pyroxene forming a doleritic texture.
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG

6]1]a[6[2

SITE CORE |SECT.

[2]e] [

Depth: 976.0 10 9775 m

P|mrozx

MAJOR ROCK TYPE——DOLERITE
Macroscopic Description:
Gray (MB) slightly altered homogeneous fine grain-sized dolerite with scattersd sugite micro-

phenocrysts. Many fractures lined with greenish black coating and calcite crystals. Some
fractures contain pyrite,

Thin Section Description:

58 em: Dolerite from flow or sill interior.

Phenocrysts: Qlivine is completely altered,

Groundmass: Plagloclase 35%, 0.1-0.6 mm, laths, generally fresh, slightly zoned; clinopyroxens
43%, 0.06-0.4 mm, Iy fresh; and ilmenite 6% glass is completely
altered.

Alteration: Clays {17%) replacing glass and olivine.

Texture: Subophitic to intersertal.

96-98 em: Dolerite from sill or flow interior

Phenoerysts: Olivine altered 1o brown clay.

Groundmass: Plagioclase 38%, <0.01-0.4 mm, laths; also fine intergrowths in radiating sheaves;
clinopyroxene 44%, 0.01-0.3 mm, equigrenular, also fine intergrowths in radiating sheaves;
magnetite and iimenite 8%,

Alteration: Clays [10%) replacing interstitial glass and olivine, and olivine phanocrysts

Texture: Variglitic to subophitic.

Physical Properties:
Interval 9193 cm
Vp i (kmfs) 5.05
Vp L (kmis) 6.05
D (gfem3) 295
P (%) a4

7 LIS
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VISUAL CORE DESCRIPTION
FOR IGNEQUS ROCKS LEG | SITE CORE |SECT.

6|1]|a]6]z]a] |7]8] |2

Depth: 977.5t0979.0 m

MAJOR ROCK TYPE—DOLERITE

n:
Gray [NB) slightly sltered dolerite with scattered augite microphenocrysts. Dolerite from 0-70 cm
is homogeneously fine grain-sized, and from 70-150 cm is slightly coarser grain-sized. Several
fractures are lined with a greenish black coating. Some calcite and pyrite crystals also occur along
the fractures.

Thin Section Description:

87-89 em: Dolerite from flow or sill interior.

Groundmass: Plagioclase 41%, 0.35 x 0.05 mm, laths; clinopyraxens 38%, 0.04 to 0.1 mm,
equidimensional, magnetite and [imenite 9%,

Alteration: Clays {12%) replacing glass, olivine, and clinopyroxena

Texture: Intersertal.

Physical Properties:
Intarval 8284 em
Vip 0 {km/fs) 5.76
Vp L (km/s} 5.81
D (g/emd) 286
P (%) 34
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG

SITE

CORE |SECT.

61

als|z

H
(o]
L
E
A

[7]s

[3

Depth: 979.0 to 980.56 m

MAJOR ROCK TYPE—DOLERITE
Macroscopic Deseription:

Gray (NE] slightly altered, disbase with scattersd augite phenocrysts, From 0.75 em s

e Iy medium grai

d and from 75-150 cm is finer in grain-size.

Several fractures are lined with a greenish black coating and slickensides are common.
Some calcite erystals occur along the fractures. Pieces 2 and 4 were heat treated during

fit into shrink tubing.

9% 31IS
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CORE |SECT.
[2]s] [1

FOR IGNEQUS ROCKS LEG SITE
6[1]a]s]2

Depth: 985.0 to 986.5 m

H
VISUAL CORE DESCRIPTION il
£
A

MAJOR ROCK TYPE—DOLERITE

Macroscopic Description:

Moderately altered coarse grain-sized basalt or medium grain-sized basalt with veins of caleite,
dark green mineral, and pyrita. Highly fractured and jointed. Grain-size is relatively homogeneous
although a slight decrease in grain-size appears 1o occur in Pieces 1E and 1F; however, a cooling
unit boundary is probably not indicated. Small mafic clots appear to be clinopyroxene
microphenocrysts.

Pieces 1G and 1H were hest trested,

Thin Section Description:

138-140 cm: Basalt from sill or flow interior.

Phenocrysts: Ol 0.16:0.2 mm; clinopyroxene 0.1-0.15 mm,

Groundmass: O 1.5%, by clay; i 43%:; cli 39%;
magnetite and ilmenite 5%; glass replaced by clay.

Alteration: Clays {12%) replace glass and olivine,

Texture: Intersertal.

Physical Properties:
Interval 138-140 cm
Vp 1 (km/s) 5.67

vp i lkmfs) 586

D (g/em3) 292

P (%) 63
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG| sSITE

6]1[a]6]2

CORE |SECT.
[7]s] |2

»|mrozx

Depth: 986.5 to 988.0 m

MAJOR ROCK TYPE—-—~DOLERITE

Macroscopic Description:
Siightly altered homogeneous coarse grain-sized basalt or medium grain-sized dolerite. Rare
veins of dark green mineral, calcite, and pyrite. Dark mafic minerals appear to be microphenocrysts.

Thin Section Description:

135-137 cm: Basalt.

Phenocrysts: Olivine > 1%, 0.2-0.6 mm, replaced by clay; plagicclase < 1%, 0.1-0.3 mm,
anhedral, zoned; clinopyraxens 0.1 to 0.2 mm.

Groundmass: Olivine 1.7%, replaced by clay; plagioclase 42%; clinopy 39%;
and ilmenite 7%; glass (tachylite) replaced by clay.

Alteration: Carbonate (0.3%) replacing faldspar and glass. Clays (10%] replace glass and olivine

Texture: Intersertalfintergranular,

Physical Properties:
Interval 135137 cm
Vp o (kmis) 5.58

Vp 1 (kmi's) 5.61

D (glemd) 292

P (%) 54

79 ALIS
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Dapth: 988.0 to 989.5 m
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MAJOR ROCK TYPE—DOLERITE 1A
Macroscopic Description:

Slightly altered coarse grain-sized basalt or medium grain-sized dolerite. Fracture surfaces are
coated with a dark greanish black mineral which also is commonly associated with calcite and
pyrite. A particularly prominent pyrite vein occurs in Pieces 3H and 31,

Dolerite is relatively homogeneous in texture and composition; however, Piece 1 may have a
sdightly finer grain-size than the remainder of the scetion,
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VISUAL CORE DESCRIPTION E
E

FOR IGNEOUS ROCKS LEG | SITE CORE |SECT.

61 [4]s]2]a] [7]o] |a

Depth: 989.5 10 991.0m

MAJOR ROCK TYPE——DOLERITE

Macroscopic Description:

Slightly altered, homogeneous coarse grainsized basalt or medium grain-sized dolerite. Joint
surfaces are covared with a thin coating of dark black green mineral {chlorite?), calcite, and
rarely pyrite.

Pieces 18, 1G, 1H, and 11 were heat treatod,

9r dLIS
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Xz 0.0 10 7.50 m: Basalt is described in the “Visual Care Deseription
2 of Igneous Roek”,
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- Depth: 991.0 1o 9926 m = |_ Depth: 992.5 to 994.0 m
= - z
L~ MAJOR ROCK TYPE——DOLERITE E MAJOR ROCK TYPE ---SILTSTONE
1 Macroscopic Description: = i) A g i 7 AP
1] Slightly altered coarse grain-sized basalt or medium grain-sized dolerite, with rere veins of = w The siltstone is described in the v Core Barrel D
11 celadonite, calcite, and pyrite. Grain-size decreases from 0-150 cm, suggesting a possible - "_|
L~} base to cooling unit. Compasition is homogeneous. =4
; Dolurite overlies grayish-red volcanic siltstone in Section 79-8. Red color may be caused h
by haking,
=
] Thin Section Description: =
= 4244 cm: Basalt from sill interior. .
] Phenocrysts: Olivine > 1%, 0.1-0.2 mm
- Groundmass: Olivine 1.4%, replaced by clay; plagi 46%; clinop 38%; magneti -
“1-/ gnd ilmenite 6%; glass replaced by clay.
V.D.P'/ Alteration: Clays (8%) replacing interstitial glass plus olivine. B vOID
= Texture: Intargranular.
LT 135-137 em: Basalt near a base of cooling unit (fine grain-sized margin), 50—
-] Phenocrysts: Olivine 1-2%, 0.1-0.4 mm, altered to clay; plegioclase < 1%, 0.1-0.3 mm;
A clinopyroxene < 1%, 0.05-0.156 mm. T
| A Groundmass: Olivine 2.2%, altered to clay; pl 41%; clinopy 44%; magneti 2
= and ilmenite 8%; glass is altered to clay.
L2 Alteration: Clays replace interstitial giass end create pseudomorphs after olivine, p
[ Texture: Intergranular with variolitic clots,
j Physical Properties:
Interval 4244 cm 4
Wl ) Ve i (km/s} 575
4 Vol lkmis) 504 =
% D lglem3) 2.88
| P (%) 238 B
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SITE 462 HOLE A CORE 80 CORED INTERVAL: 894.0 10 998.0 m
BIOSTR. | FOSSIL
ZONE  ICHARACT. wl=
g g GRAPHIC H ﬁ 5
" g g g @ 5 w | Gorogy ES] g 2 LITHOLOGIC DESCRIPTION
< = E 3 -4 % ;3( 4 E -2 b
2 |2|Z2|2|2|2 G| =3
B cp % * 0.01t00.12 m: Medium dark gray (N4} very SANDY SILTSTONE,
weith grain-size graded Icosrser ot basel upwands from lower contact.
= Sedimant is B5% smectite grains
= RP i » 0.12 10 0.3 m: Dark gray (N3) SANDY MUDSTONE.
H 4 0.39 to 0.58 m: Brownish black (EYR 2/1) interformational
= CONGLOMERATE with angutar siltstone elmis. Grain-4ize gradationsily
E - decroasas wp and down from the coarser center
P g 0.58 to 2.09 m: Brewnish black [SYR 2/1) hamogeneaus SANDY
1 - == - SILTSTONE. Comsists of live green to clear semectite.
g = 2.08 ™ 2.16 m: Brownith gray 1o brownith black [BYR 471 10 5YR
3 £ 2/1) intrafurmationsl CONGLOMERATE, Aneular, planar lasts
E E paraliel beding
2 2.16 10 267 m: Dark gray NI} SANDY SILTSTONE with faint
-4 layaring in the kower partion, Composition mostly smectite; and rane
i plegiociase, glas and opagues
2
2 .
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Depth: 995.5 to 997.0 m

MAJOR ROCK TYPE-—DOLERITE AND SEDIMENTARY ROCK

Macroscopic Description:

The 0-112 em interval are sediments which are described in detail in “Sedimentary Core Barrel
Descriptions™.

From 112-150 cm is gray (N5} dolerite. Several fracture surfaces are coated with greenish black
mineral {celadonite). From 112-120 em dolerite is fine grain-sized and from 120-150 cm s
medium grain-sized dolerite with augite microph Vits
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VISUAL CORE DESCRIPTION 9
FOR IGNEOUS ROCKS LeG | site |g| come |secr.
s[1[e]e]2[a] [s]o] [3

Depth: 994.0 to 998.0 m

MAJOR ROCK TYPE-—DOLERITE

Macroscopic Description:

Gray [N6) homogeneous fine grain-sized dolerite with several fractures. Central portions of
these fractures are often filled with dark greenish material | ¥ which is !
a lighter green material, White calcite infrequently oceurs in the darker contral part of the
fractures. Prece 2E has been heat treated.

Physical Properties:
Interval 42-44 cm
Vp b lkm/s) 5.37
Vo L [km/s) 5.42
D (g/em3) 201
P %) 57
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8lo] Ja

Depth: 994.0 to 998.0 m

MAJOR ROCK TYPE——DOLERITE

Macroscopic Description:

Gray (NE) fine grain-sized homopeneous dolerite which has
Fractures are less common and fracture surfaces are coated with greenish black coating and
fiberous mineral. Some pockets of glassy basalt occur on the fractures at the top of Piece 2.
Piece 2 has besn hest treated

d augite ysts.
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FOR IGNEOUS ROCKS LEG | SITE CORE |SECT.

H
VISUAL CORE DESCRIPTION E
E
A

6]1]a]s]2

[s]1] In

Depth: 998.0 to 2995 m

MAJOR ROCK TYPE——BASALT

Macroscopic Description:

Gray (N5} fresh o slightly altered, homogeneous basalt comprising interlocking plagioclase
and pyroxene forming a subophitic to doleritic texture. Some fractures are filled with veins
consisting of pyrite, celcite, and a dark green mineral (celadonite, smectite?).

Thin Section Description:

9294 cm: Dolerite from flow or sill interior

Groundmass: Olivine 1.2%, 0.2:0.3 mm, pseudomarphs of clay; plagioclase 48%, 015 » 0.04
mm; elinopyraxene 43%, 0.06 mm; magnetite and ilmenite 6%,

Alweration: Clays (2.6%) replacing olivine.

Texture: Intergranular.

Physical Properties:

Interval 90-92 cm
Vp 1 (km/s) 6.1
Vp o (kmis) 6.95
D {glem3) 2.98
P (%) aa

9% 4LIS
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FOR IGNEOUS ROCKS LEG SITE CORE |SECT.

H
VISUAL CORE DESCRIPTION E
E
A

6[1|a]s]2 [8]1] |2

Depth: 999.5 to 1001.0 m

MAJOR ROCK TYPE—BASALT

Macroscopic Description:

Gray (NB) fresh to slightly altered homogeneous basalt comprising interiocking plagioclase
and forming a subophitic to doleritic texture. Some fractures are filled with veins
consisting of pyrite, calcite, and a dark green mineral {celadonite or smectite?].,

Piece 4C was heated in shrink-tubing for cutting,
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VISUAL CORE DESCRIPTION

FOR IGNEOUS ROCKS LEG SITE CORE |SECT.

P|mrox

6]1]a]6]2

e[ ] [2

Depth: 1001.0 to 1003.0 m

MAJOR ROCK TYPE——BASALT
Macroscopic Description:
Gray [N5) fresh to slightly altered, h basalt with Plagioclase and

pyroxena form a subophitic to ophitic texture, Pyrite and dark material In some of the
fractures.

Thin Section Description:

58-60 cm: Basalt.

Phenocrysts: Olivine, 0.2-0.5 mm, altered to clay; plagioc!
0.1-0.3 mm,

Groundmass: Olivine 1.3%, altered to clay; plagioclase 43%; clinopy roxene 36%; magnitite
andilmenite 13%; glass is altered to clay,

Alteration: Clay (7%) replacing intarstitial glass and olivine,

Texture: Intergranuiar,

0.2-0.7 mm; clinopy

Physical Properties:

Interval 58-60 cm
Vp i (km/s) 5.81
Vp L (km/s) 591
D (g/emd) 298
P %) 3.2

9% LIS
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Depth: 1003.0 to 1004.0 m

MAJOR ROCK TYPE—BASALT

Macroscopic Description:
From 3-19 ¢m are drill cuttings from the hole, which surround basalt Pieces 1A and 18.

Piecas 1A-4C are gray (N5} fresh to slightly altered, homogeneous, doleritic basalt. Besalt
contains d h

of olivine pt ySts setin & i to ophitic
. Pyrite and a dark green material Hine fracture

of

v 4 plus py
surface.
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FOR IGNEOUS ROCKS LEG | SITE CORE

H
VISUAL CORE DESCRIPTION E
E
A

[s]s

6[1[a]e]2

[

Depth: 1004.0 to 1005.5 m

MAJOR ROCK TYPE—--DOLERITE

Macroscopic Description:
Gray INS) fine grain-sized, homogeneous [non-porhyriticd dolerite,

9% LIS
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] 1 MAJOR ROCK TYPE——DOLERITE - MAJOR ROCK TYPE——DOLERITE
1 Macroscopic Description: i L1 Macroscopic Description:
|1 Gray [NB) slightly altered, fine grain-sized, h porphy dolerite. Some . 1A / Gray (N5) slightly altered, medium grain-sized dolerite without phenocrysts. Some
L1 subhorizontal fractures with greenish black mineral coatings on fracture surfaces. | A sub-horizontal fractures with a greenish black mineral coating the fracture surfaces.
; Physical Properties: L]
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Depth: 1008.5 to 1010.0 m

DONE

H
VISUAL CORE DESCRIPTION £
E
A

MAJOR ROCK TYPE——DOLERITE
Macroscopic Description:

Gray (N5} mostly fine grain-sized dolerite with scattered (98-100 cm, 110-115 em, 132-134 em,

and 138-141 cm) coarser mafic mineral i ar ized dolerite), Fracture
surfaces are coated with o greenish-black mineral, some calcite, and biotite (7); slickensides
infrequently occur on these fracture surfaces.

Thin Section Description:

138-140 cm: Basalt.

Phenoerysts: Olivine < 1%, 0.1-0.2 mm, altered to clay; plagiotlase 0.3-0.4 mm; clinopyroxens
0.3-0.4 mm,

Groundmass: Ofivine 1.6%, altered to clay; plagioclase 51%, 0.05-0.1 mm; clinopyroxene 35%,
0.05-1.5 mm; magnetite and iImenite 7%, 0,03-0.05 mm.

Alteration: Clays [6%), olivine and interstitial glass.

Texture: |ntergranular,

Physical Properties:
Interval 108-110 em
Vi I [kmis) 6.15
vp Llkmis) 582

D (wem3) 297

P (%) 30
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H
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Depth: 1010.0 to 10116 m

MAJOR ROCK TYPE—DOLERITE

Macroscopic Description:
Gray iN5) mostly fine grain-sized dolerite with scatiered coarser grain-sized matic minaral
jar dviedl Irvsize)
g R

Fracture surfaces are coated with a greenish-black material that containg scattered pyrite.

Thin Section Description:

48-51 cm: Basalt from flow imerior,

Groundmass: Plagicclase 39%, 0,15 x 0.04 mm, laths; clinopyroxens 22%, 0.1 mm,
equidimensional, badly altered; magnetite and ilmenite 4%,

Alteration: Clays (36%) replacing groundmiss.

Texture: Intersertal.

9% 41IS
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VISUAL CORE DESCRIPTION

FOR IGNEOUS ROCKS LEG | SITE CORE |SECT.

6]1]4]e]2]a] |8[a] |5

Depth: 1011510 1013.0m

MAJOR ROCK TYPE——DOLERITIC BASALT
Macroscopic Description:
Gray (N5) fresh to slightly aitered, homogeneous dolerite with scattered subhorizontal mafic

mineral These are shown by the stippled pattern. Fracture
surfaces are commonly coated with a thin layer of dark green clay-like material.

Dolerite ' and py ina hitic texture.

Thin Section Description:

75-77 em: Dolerite from sill or flow margin,
Phenocrysts: Olivine (?) pseudomoerphs made of brown clay.
Groundmass: Plagioclase 43%, 0.05-0.6 mm, unaltered, zoned: clinopyroxene 43%,

0.05-0.4 mm, generally fresh; magnetite and ilmenite 6%, 0.05-0.5 mm; glass to brown clay.

Alteration: Clays (8%) replacing interstitial patches of glass and olivine (7). Clays contain
NUMErous opagues.
Texture: Subophitic.

Physical Properties:

Interval 7577 em
Vp o (kmis) 6.16
Vp L tkm/s) 6.17
0 (g/em3) 3.00
P %) 28
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FOR IGNEOUS ROCKS LEG SITE CORE
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H
VISUAL CORE DESCRIPTION B
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A

6|1 |als|2 |a] |8]a

[e

Dupth: 1013.0 t0 10146 m

MAJOR ROCK TYPE-—DOLERITIC BASALT
Macroscopic Description:

Gray (N5) fresh to slightly sltered homogeneous dolerite with scatterad, subhorizontal,
mafic mineral ations. These tions are shown by the stippled pattarm.

Diolerite is stightly fractured, Fracture surfaces are lined with a dark green clay-like material,

Dolerite comprises pl lese and py in a subophitic texture.

9% LIS
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE

CORE

SECT.

6|1]46]2

Pimrozx

[e]s

[1

Depth: 1014.5 to 1016.0 m

MAJOR ROCK TYPE——DOLERITE
Macroscopic Description:

Gray (N6| fresh to slightly altered uniform dolsrite with scatrered mafic minaral subhorizontal
Thesa i ere shown by the stippled pattern. Dolerite is made of

plagioctase and pyroxene in a subophitic texture,

Fractures are common and some are filled with a dark green clay-like mineral plius pyrite.

Pieces 1C and 1D were placed in heat-shrink plastic for cutting,

Physical Properties:
Interval 118-120 em
Vp & (kmfs) 6.07

Vp 1 (kmis) 6.06

D (gfem?) 2.99

P %) 38
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VISUAL CORE DESCRIPTION

FOR IGNEOUS ROCKS LEG | SITE CORE

SECT.

P |mroz

61[4]6]2]|a| |8]s

Depth: 1016.0 10 10176 m

MAJOR ROCK TYPE——DOLERITE

Macroscopic Description:

Fresh 1o slightly altered homogeneous dolerite, Dolerite is made of plagioclase plus
pyroxene in a subophitic texture, Fractures are common and some are filled with a
light green clay-like material.

9% dLIS
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VISUAL CORE DESCRIPTION

FOR IGNEQOUS ROCKS LEG | SITE CORE

SECT.

6l1]al6]2 |a] |s]s

Depth: 1017.5 10 1019.0 m

MAJOR ROCK TYPE—DOLERITE

Macroscopic Description:

Gray (N5] fresh to slightly altered homogeneous dolerite. Dolerite is made of plagioclase
and pyroxens in a subophitic texture, Some of the frectures are filled by a dark green
clay-like material. Pieces 3C, 38, and 5C were subjected to heat-shrink tubing.

Physical Properties:
Interval 34-36 em
Vp i (kmis} 6.23
Vp i (km/s) 6.25
o (gfemd) 3.00
P (% 48
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VISUAL CORE DESCRIPTION

FOR IGNEQUS ROCKS LEG | SITE CORE

SECT.

P |mrozx

6]1]4]s]2

[s]s] Ja

Dapth: 1019.0 to 102056 m

MAJOR ROCK TYPE—DOLERITE

Macroscopic Description:
Gray (N5} fresh to slightly altered homogeneous subophitic dolerite. Light gresn material
fills some veins,

9% H1IS
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VISUAL CORE DESCRIPTION
FOR IGNEQUS ROCKS

MAJOR ROCK TYPE——DOLERITE

Macroscopic Description:
Fresh to slightly altered uniform subophitic dolerite.
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FOR IGNEQUS ROCKS LEG | SITE
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H
VISUAL CORE DESCRIPTION E
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A

6]1[a]6[2a] Je[7] 1

Depth: 1026.0 10 10275 m

MAJOR ROCK TYPE——DOLERITE

Macroscopic Dascription:
Gray (NB) fine grained dolarite with many small scattered mafic mineral concantrations.
Fractures are lined with a greenish-black coating, and frequently in slickensides

Macroscopicly similar rock along entire section.

Phiysical Proparties:
Interval 31-33cm
Vp o (km/s] 5.99
Vp i (km/s) 6.04
D {gfem3) 297
P (%) 48

9% dLIS
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8]7

Depth: 1027.5 to 1028.0 m

MAJOR ROCK TYPE——DOLERITE

Macroscopic Description:

Gray (N5} fine grain-sized, mostiy h
stions of mafic

dolerite with poorly defined

Fracture surfaces are covered with a greenish black coating. Some pyrite crystals are
present along the fractures,

Physical Properties:
Interval 37-39 em
Vp 1 (kmis) 6.00
Vp 1 {km/s) 6.07
D (glemd) 2.99
P %) 4.5
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Depth: 1032.5 to 1036.5 m

MAJOR ROCK TYPE——DOLERITE

Macroscopic Description:

Gray (N5) fresh to altered, uniformiy grainsized dolerite with a subophitic texiwure.
Subhori. fractures are Most of these 1 arw {illed with a dark
groeen clay-like material.
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s[1[ale]2

Depth: 1034.0 to 10355 m

CORE |SECT.
[sls] |2

P |mrox

MAJOR ROCK TYPE——DOLERITE

Macroscopic Description:

Fresh 1o slightly altered dolerite with a subophitic texture. Some portions of the dolerite
(signified by ® x % in the graphic representation) are coarser in grain-size. These coarse
grain-sized portions may be mi ites, but are i thus thesa portions
may simply represent local inhomogeneities in the original magma.

Most frectures are filled with a dark green clay-like material,

Thin Section Description:

83-85cm: Basalt from flow or sill interior.

Phenocrysts: Qlivine 1.6% altered 1o clay.

Groundmass: Plagiociase 50%, 0.2-0.3 mm; clinopyroxene 37%, 0.1-0.3 mm; magnetite and
ilmenite 4%; giass altered to clay.

Aiteration: Clays {7%) replacing olivine and glass.

Texture: Intergranular.

118-121 em: Dolerite from flow or sill interior.

Groundmass: Plagiociase 46%, 0.05:0.6 mm, laths, zoned; clinopyroxene 36%, 0.03-0.3 mm,

equigranular; magnetite and iimenite 5%:; glass 2%, relatively fresh {also 12% altered 1o clayl.

Altaration: Clays {12%) replacing interstitial glass.
Texture: Subophitic,
126-127 em: Basalt trom sill or Hlow interior.

Groundmass: Plagioclass 54%, 0.2 x 0.4 mm, laths; clinopyroxene 33%, 0,08 mm, equidimensional;

magnetite and [Imenite 3%, alkali feldspar {?] intarstitial intergrowths.
Alteration: Clays (11%) replacing (7],
Texture: Intergranular.

Physical Properties:
Interval 4548 cm
Ve lkmis) 6.11
Vi (kmis) 6.05
D (g/em3) 3.01
P (%) 36
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H
VISUAL CORE DESCRIPTION i
FOR IGNEOUS ROCKS e | sime |

CORE [SECT.

6|1]|alslz]a]| [8la] |3

Depth: 1035.5 to 1037.0 m

MAJOR ROCK TYPE——DOLERITE

Macroscopic Description:

Gray (NG} fresh to slightly altered subophitic dolerite. Some areas are coarser grain-sized

{ x x x}andhave gradational contacts. These areas may represent inhomogeneities in
the eriginal magma or perhaps micropegmatites. A few fractures are filled with a dark green
clay-like material.

Physical Properties:
Interval 17-20 em
Vp 1 (km/s] 5.96
Vp 1 (km/s) 589
D tg/em?d) 296
P (%) 47
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Depth: 1032510 10365 m

MAJOR ROCK TYPE——DOLERITE

Macroscopic Description:
Gray (N5) fresh 1o slightly altered dolerite with uniform subophitic texture.
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VISUAL CORE DESCRIPTION

FOR IGNEQUS ROCKS LEG| SITE CORE

SECT.

Plmrox

al6l2|a[ [8]e

6]1

Depth: 1036.5 10 1038.0 m

MAJOR ROCK TYPE—DOLERITE

Macroscopic Description:
Gray [N5] fresh to slightly altered dolerite with a uniform subophitic texture.

Physical Properties:

Interval 62-64 cm
Vi i (kmis) 6.08
Vp 1 (kmish B.07
D (glem3) 2.85
P (%) 4.8
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E
A

Depth: 1038.0 to 10395 m

MAJOR ROCK TYPE——BASALT
Macroscopic Description:
Gray [NG) fresh to slightly altered basalt.

= subephitic
= yein material

= aphanitic
= coarse grained areas (oltered)

Textre changes from subophitic in the upper part of Piece 1 to aphanitic in the lower part of
Piece 1, and remains fine grain-sized through the remainder of the section,

Small dark grains in the basalt may be olivine pseudomorphs.

Fracture frequency increases down the section, Fractures are filled with pyrite, zeolite (7], and
adark green clay-like material. Local patches of zeolite (71 a dark green clay-like material occurs
locally, especially in Plece 28 (also indicated by  [warx] in the graphic representation).

Piece 3 may be a large vein that calcite and a P white mineral (thompsonite?
paraliel extinction, low birefringence, good cleavege, refractive indices = 1.51-1.63).

Thompsanite? Pieces 20, B, 7, and B were placed In heat-shrink tubing
Caleite prior 1o cutting with saw.
“Thin Section Description:
! 3840 em: Basalt next 1o glassy margin,
Groundmass: Qlivine 0.2%, rare as most s altered to

clay; plagiociase 30%, 0.05-0.15 mm; clinopyroxens
31%, 0.05-0.1 mm; magnetite and limenite 2%; gloss
replaced by clay.

Alteration: Carbonate (2%) occurs in veins. Clays
{35%) replaced glass and some olivine,

Texture: Intersertal (veined), some variolitic.

7274 em: Basalt from flow or sill interior.

Phenocrysts: Plagiociase 1%, 0.4-1.6 mm; clinopyroxene 1%, 0.2-0.3 mm.

Groundmass: Plagioclase 20%, 0.01-0.2 mm, laths; clinopyroxene 17%, 0.01-0.1, equigranular,
plagioelase and elinopyrexens occurs in very fine grained variolitic fresh to altered patches;
magnetite 12%,

Alweration: Clays (49%) replacing varioles of i itial glass, py . and olivine.

Textwres: Variolitic with foew phenocrysts and intergranular areas.

Basalt

Detail of Pieca 3
lactual size)
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H
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E
A

61 [a]e]2]a] [s]s] T3

Depth: 1039510 10410 m

MAJOR ROCK TYPE—BASALT
Macroscopic Description:
Gray [NG) tine grained and gray (NB] coarse grained, fresh to slightly altered basalt,

The top of the section is fine grain-sized, grading to coarser grain-size at the bottom of the
section where texture becomes subophitic,

= fine grained = subophitic

Degree of fracturing seems 1o be associated with grain-size with the fine grain-sized portions
being the most highly fractured. Many fractures are filled with pyrite, an unknown white
mineral, and a dark green mineral. A very dense-looking (fine grained} light green material
is present in Piecs 5.

Pivces B and B were placed in heat-shrink plastic for cutting.

Physical Properties
Interval 121123 em
Vo (kmish 5.57

Vip L lkm/s) ]

D {gfem3) 2.96

P (%) 6.8

9% 4LIS
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VISUAL CORE DESCRIPTION
FOR IGNEQUS ROCKS LEG | SITE

6[1[4]6]2

CORE |SECT.
[o]o] [1

Plmrozx

Depth: 10415 to 1043.0 m

MAJOR ROCK TYPE——BASALT

Macroscopic Description:

Medium gray (NB) basalt with greenish black (5GY 2/1) veins and joint-coating. There are some
light gray (N8B} veins.

The top of the section is near the top {above this section] of  cooling unit. Grain-size grades
from fine grain-size a1 the top of the section to medium toward the base of the section.

Fractures are frequent and some are filled with chlorite and some zeolite. A pyrite vein occurs
at 143 em.

Thin Section Description:

24-26 cm: Basalt from flow or sill interior.

Groundmass: Plagiociase 49%, 0.3-0.4 mm, laths; clinopyroxens 34%, ~. 18 mm, equidimensional;
magnetite and limenite 6%.

Alreration: Clays (12%) replacing groundmass

Texture: Intersertal

Physical Properties:
Interval 86-88 cm
Vp o [kmis) 5.54
Vp i (kmfs) 5.64
D lg/em3) 2.96
P (%) 6.7
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VISUAL CORE DESCRIPTION

FOR IGNEOUS ROCKS LEG | SITE CORE |SECT.

P | mrox

[s]o] ]2

6]1[4]6]2

Depth: 1043.0 to 10445 m

MAJOR ROCK TYPE-—BASALT

Macroscopic Description:

Medium gray (NS) medium grain-sized basalt with greenish black (SGY 2/1) veins and joint
coatings. There are some very light gray (N8) veins, Small (< 0.3 mm to 0.5 mm) greenith
black crystals may be replacing olivine or augite phenocrysts.

Fractures are sbundant and alteration oceurred around joints and veins.

9% 31IS
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FOR IGNEQUS ROCKS LEG | SITE CORE

[a]o] |s

H
VISUAL CORE DESCRIPTION 2
£ SECT.

6]1]a]s]2

Depth: 1044.5 to 1046.0 m

MAJOR ROCK TYPE—BASALT

Macroscopic Description:

Medium gray {NB) altered basalt. Basalt is particularly altered along joints, Some veins contain
zeolites, celadonite, and rare pyrite. Major veins ocour in Pieces 1B, 1E, and 2A.

Grain-size is medium and the basalt is fairly homogeneous throughout the section, Dark
sagregation (7) in Piece 1G «=rimn

Thin Section Description:

60-63 cm: Basalt from flow or sill interior.

Microphenocrysts: Plagioclase, only a few.

Groundmass: Plagioclase 52%, 0.5 x 0.05 mm, laths; clinopyroxene 34%, 0.16 mm, equi-
dimensional; magnetite and iimenite 7%.

F Clays (6%) replaci

Texture: |ntersertal.

Physical Properties:

Interval 78-80 cm

Vi tkm/s) 575

Vi L (km/s) 5.66

D {glemd) 2.06

P %) 6.7

and perhaps some are pseudomorphs ot olivine,

%
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FOR IGNEOUS ROCKS LEG SITE CORE |SECT.

H
VISUAL CORE DESCRIPTION 2
E
A

6[1]ale[2

[o]o] Te

Depth: 1046.0 to 10475 m

MAJOR ROCK TYPE——BASALT

Macroscopic Deseription:
Medium gray (NG) basalt with fractures and veins of zaglites [Piece 5), eeladonite, and pyrite
Pieces 44, 4B, and 4C)

Basalt grain-size is medium and is fairly homogeneous threughout the section.

Physical Properties:

Interval 99-101 em
Vp i (km/s] 5.55
Vp L (kms) 5,55

O {glemd) 2492

P (%) 75
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

MAJOR ROCK TYPE——BASALT
Macroscopic Deseription:
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Depth: 1047.5 to 1049.0 m

Medium gray [N6) medium grain-sized basalt. Basalt is fractured and has horizontal joints in

Pieces 3 and 4. Some veins in Piece 1. The entire Core 80 appears to be the same cooling unit.

Thin Section Description:
40-42 cm: Basalt from flow or sill interior

Groundmass: Plagioclase 53%, 0.2 x 0,02 mm, laths; clinopyroxene 35%, 0.08 mm, equi-

dimensional; magnetite and limenite 5%.
Alteration: Clays (8%) replacing groundmass.
Texture: Intersertal.
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Special Storage

VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

MAJOR ROCK TYPE-——BASALT
Macroscople Description:

Gray [NG) medium grain-sized fractured basalt.
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Depth: 1060.5 to 1059.6 m
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E
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|1

Depth: 1059.5 10 10685 m

MAJOR ROCK TYPE—DOLERITE

Macroscopic Description:
Gray (N5) medium grain-sized dolerite with a few subparallel fractures.
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