2. SITE 5971

Shipboard Scientific Party?

HOLE 597

Date occupied: 2 March 1983

Date departed: 3 March 1983

Time on hole: 1 day, 7 hr., 15 min.

Position: 18°48.38'S; 129°46.23'W

Water depth (sea level; corrected m, echo-sounding): 4166.5
Water depth (rig floor; corrected m, echo-sounding): 4176.5
Bottom felt (m, drill pipe): 4157.1

Penetration (m): 54.7

Number of cores: 8

Total length of cored section (m): 54.7

Total core recovered (m): 42.1

Core recovery (%o): 77

Oldest sediment cored:
Depth sub-bottom (m): 52.7
Nature: Clayey nannofossil ooze
Age: late Oligocene

Basement:
Depth sub-bottom (m): 52.7
Nature: Basalt rubble

HOLE 597A

Date occupied: 3 March 1983

Date departed: 4 March 1983

Time on hole: 1 day, 2 hr., 10 min.

Position: 18°48.43'S; 129°46.22'W

Water depth (sea level; corrected m, echo-sounding): 4162.6
Water depth (rig floor; corrected m, echo-sounding): 4172.6
Bottom felt (m, drill pipe): 4160.1

Penetration (m): 48.6

Number of cores: 7

Total length of cored section (m): 48.16

1 Leinen, M., Rea, D. K., et al., Init. Repts. DSDP, 92: Washington (U.S. Govt. Print-
ing Office).

Margaret Leinen (Co-Chief Scientist), The University of Rhode Island, Narragansett,
Rhode Island; David K. Rea (Co-Chief Scientist), The University of Michigan, Ann Arbor,
Michigan; Keir Becker, Scripps Institution of Oceanography, La Jolla, California (present ad-
dress: University of Miami, Miami, Florida); Jacques J. Boulégue, University of Paris, Paris,
France; Jorg Erzinger, Justus-Liebig University, Giessen, Federal Republic of Germany; Joris
M. Gieskes, Scripps Institution of Oceanography, La Jolla, California; Michael A. Hobart,
Lamont-Doherty Geological Observatory, Palisades, New York; Miriam Kastner, Scripps In-
stitution of Oceanography, La Jolla, California; Stephen Kniittel, Florida State University,
Tallahassee, Florida; Mitchell W. Lyle, Oregon State University, Corvallis, Oregon; Daniel
Moos, L t-Doherty Geological Observatory, Palisades, New York: Robin L. Newmark,
Lamont-Doherty Geological Observatory, Palisades, New York (present address: Lawrence
Livermore National Laboratory, Livermore, California); Tadashi Nishitani, Akita University,
Akita, Japan; Robert M. Owen, The University of Michigan, Ann Arbor, Michigan; Julian
A. Pearce, The Open University, Milton Keynes, United Kingdom (present address: The Uni-
versity, Newcastle-upon-Tyne, United Kingdom); Karen Rmnme, The Umumty of Rhode Is-
land, Kingston, Rhode Island (present address: Exxon P
Texas).

Total core recovered (m): 48.64
Core recovery (%): 100.1

Oldest sediment cored:
Depth sub-bottom (m): 47.6
Nature: Clayey nannofossil ooze
Age: late Oligocene
Measured velocity (km/s): 1.52

Basement:
Depth sub-bottom (m): 47.6
Nature: Basalt rubble with basalt glass breccia

HOLE 597B

Date occupied: 4 March 1983

Date departed: 7 March 1983

Time on hole: 2 days, 4 hr., 30 min.

Position: 18°48.43'S; 129°46.22'W

Water depth (sea level; corrected m, echo-sounding): 4162.6
Water depth (rig floor; corrected m, echo-sounding): 4172.6
Bottom felt (m, drill pipe): 4160.0

Penetration (m): 72.6

Number of cores: 3

Total length of cored section (m): 24.6

Total core recovered (m): 5.43

Core recovery (%): 22.1

Oldest sediment cored: None recovered

Basement:
Depth sub-bottom (m): 48.0
Nature: Altered, massive vesicular basalt

HOLE 597C

Date occupied: 7 March 1983

Date departed: 15 March 1983

Time on hole: 8 days, 7 hr., 45 min.

Position: 18°48.43'S; 129°46.22' W

Water depth (sea level; corrected m, echo-sounding): 4164.0
Water depth (rig floor; corrected m, echo-sounding): 4174.0
Bottom felt (m, drill pipe): 4160.0

Penetration (m): 143.5

Number of cores: 12

Total length of cored section (m): 100.0

Total core recovered (m): 55.21

Core recovery (%o): 55.2

Oldest sediment cored:
Depth sub-bottom (m): 52.5
Nature: Clayey nannofossil ooze
Age: late Oligocene
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SITE 597

Basement:
Depth sub-bottom (m): 52.5
Nature: Basalt
Velocity range (km/s): 5.1 to 6.6 km/s (average 5.86 + 0.39 km/s)

Principal results: Site 597, the first transponder-navigated DSDP site,
is the westernmost site in the east-west hydrogeology transect of
the southeast Pacific along 19°S. It is located on crust generated at
5.5 cm/yr. half-rate from the Mendoza Rise, and it is in a region of
moderate heat flow. At Holes 597 and 597A the hydraulic piston
corer (HPC) penetrated 52.7 and 48.6 m, respectively, of pelagic
and hydrothermal sediment. The underlying basalt was recovered
with the extension core barrel (XCB). Sedimentary Unit I is 1.4 m
of Pleistocene to middle Miocene dark brown clay. Unit IIA is
middle Miocene to late Oligocene brown clay-bearing nannofossil
ooze. Making up the lowest 10 m in each site is late Oligocene
brown clayey nannofossil ooze that contains up to 50% of a fine-
grained component that appears to be hydrothermal in origin. In-
terstitial water samples from the in situ sampler and from squeezed
sediments show no evidence of fluid advection. Heat flow is 89
mW/m?, in agreement with the site survey data. Hole 597B, the pi-
lot hole for the re-entry site, penetrated 24.6 m into basalt with
22% recovery.

Hole 597C, the re-entry hole, recovered 9.0 m of Unit [IB bas-
al sediments and penetrated 91.0 m of basalt, recovering 48.5 m
(53.3%) and debunking the theory that basalt generated at fast-
spreading rises cannot be drilled. The basalts show the normal
range of compositions for mid-ocean ridge tholeiites. They are mas-
sive flows; only one small piece has a glassy rim. The upper 47 m,
Unit I, are vesicular; the lower 44 m, Units II and III, are not.
Three stages of alteration have been identified. The first is a late
magmatic, possibly deuteric, alteration in which saponite replaced
olivine and groundmass and filled vesicles. The second is an epi-
sode characterized by dark green smectite, chlorite, pyrite, chalco-
pyrite, and native copper. This alteration is clearly associated with
veins. Celadonite is also associated with veins but may be a transi-
tional stage. A third, late-stage oxidative alteration is characterized
by calcite, aragonite, zeolite, iron oxides, and brown smectite. This
alteration is pervasive in basalt Unit I and is vein related in Units II
and I1l. Paleomagnetic analyses indicate that the entire section,
with the exception of two samples, is reversely magnetized, placing
Hole 597C in the reversed interval between Anomalies 8 and 9.
Magnetic inclinations in samples subjected to alternating-field de-
magnetization average 45°.

The successful downhole experiments conducted at Hole 597C
included two televiewer logs and a caliper log, which appear to
show variations in formation fracturing that can be associated with
both the recovery and petrology of basalts. Attempts at Holes
597B and 597C to acquire a 12-channel sonic log were unsuccess-
ful. A packer experiment failed when the packer deflate plug
sheared, prematurely deflating the packer. A wireline re-entry test
was not successful, but the problems were due to a defective cable
head, and it appears that this operation could become routine,
given the proper equipment.

BACKGROUND AND OBJECTIVES

Site 597 is located 2100 km east southeast of Tahiti
on crust of late Oligocene age. It is situated 150 km
northwest of the Austral Fracture Zone and is therefore
on crust generated by the Mendoza Rise system, which
now lies east of the East Pacific Rise (EPR) in the mid-
dle of the northern Nazca Plate. The crust at Site 597
was thought to have been generated at a (half) spreading
rate of about 6.5 cm/yr. (Handschumacher, 1976), a rate
similar to the present west flank accretion rate of about
7.0 cm/yr. along the EPR between the Garrett Fracture
Zone at 13°S and the Easter miniplate at 23°S (Rea,
1981). Seafloor depth is about 4160 m, unusually shal-
low for crust nearly 30 m.y. old. Such shallow depths
are typical of the southeast Pacific between about 10°S
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and 35°S and from the EPR axis west at least to the
Tuamotu and Austral islands.

Low-relief abyssal hills characterize the area surveyed
for Site 597. The hills trend about 350° and are buried
by sediment except for a few peaks that appear from the
reflection records to be igneous outcrops. A transparent
sediment layer with a thickness of about 0.07 s (50 to
55 m) overlies a strong, smooth reflector that was inter-
preted as chert. Abyssal hills to the east and west of the
area lack the transparent sediment layer. Heat flow val-
ues measured in the site survey area ranged from 49 to
118 mW/m?2.

The drilling at Site 597 was undertaken to obtain a
long-term record of hydrothermal sedimentation in the
south central Pacific and to obtain basalts from a fast-
spreading rise crest. As an additional criterion in site se-
lection, the site was to be old enough to have been sealed
to ridge-flank hydrothermal circulation, perhaps 25 to
30 m.y. old. Although heat flow in the site survey area
is similar to theoretical values for Oligocene crust, the
measurements did not show conclusively that the crust
was sealed. Finally, all the Leg 92 sites were chosen to
lie south of the equatorial high-productivity zone so
that the nonbiogenic sedimentation history would not
be masked by changes in biological productivity or al-
tered by suboxic diagenesis. Site 597 is not a true ele-
ment of the Leg 92 hydrogeology transect because it was
generated at the fossil ridge system now in the center of
the Nazca Plate. Nevertheless, it was generated at about
the same rate as the EPR west flank, and there is no
EPR crust in the region older than about 20 or 25 Ma,
the approximate age of the Mendoza Rise-EPR ridge
jump (Handschumacher, 1976; Mammerickx et al., 1980).

Our specific objectives were to recover a continuous
geological section that would include the unfossiliferous
clays presently accumulating at the site, the underlying
Neogene and upper Paleogene biogenic sediments and
chert, and the basaltic basement beneath. We intended
to compare the nature of the basalt alteration, sediment
pore-water chemistry, and hydrothermal phases in the
sedimentary column to formulate an improved descrip-
tion of the various geochemical processes that alter ba-
salts and result in the formation of hydrothermal sedi-
ments. Further, we planned to test the hypothesis that
the flux of hydrothermal phases to the sediments covar-
ies with longer-term fluctuations in spreading rates and
volcanism in the Pacific region.

Additional objectives for Site 597 included the recov-
ery of upper Oligocene through Miocene or Pliocene sed-
iments suitable for the description of the subtropical and
transitional microfossil assemblages and the interpreta-
tion of the paleoceanographic and paleoclimatic history
of the Southern Hemisphere subtropical gyre. We were
particularly interested in completing geophysical logging
experiments using a 12-channel sonic logging tool and a
borehole televiewer, and in determining the permeability
of the crust with a packer experiment.

To meet these objectives we planned to use the hy-
draulic piston corer (HPC) to recover paired cores of the
sediment and to use the extended core barrel (XCB) to



recover chert and any softer sediments beneath. After
the piston coring we planned a rotary-drilled pilot hole
into basalt to determine the feasibility of a re-entry hole.
If re-entry seemed feasible we planned to drill the base-
ment as deep as possible and then to complete the vari-
ous downhole experiments.

OPERATIONS

Site Survey

The general area of Site 597 was chosen as a target
for more detailed surveys and as a potential drilling lo-
cation on the basis of three criteria: 25- to 30-Ma crustal
age, generally smooth basement character with few large
escarpments or seamounts, and continuous sediment cov-
er. The proposed site itself (HY-1) was selected from the
detailed Ariadne II survey of the area between 129°44' W
and 129°47'W, 18°46'S and 18°50'S (Fig. 1). This is a

sediment-covered area roughly 25 km across in which-

the relief averages 20 to 40 m. The area lies between two
abyssal hill ridges oriented 350°. Seabeam data were col-
lected during the survey but were insufficient to generate
a bathymetric map.

A rather uniform blanket of sediment 0.07 s (about
55 m) thick covers the area. It is acoustically transparent
in the Ariadne II air gun profiles (Fig. 2), although the
water gun records from the Glomar Challenger profile
show several internal reflectors (Figs. 3A and B). Ac-
cording to the air gun profiles, total sediment thickness
is 0.63 s at the beacon drop point, which represents 47 m
at an acoustic velocity of 1.5 km/s or 50 m at 1.6 km/s.
The basement reflector in the Ariadne II profiles is un-
usually smooth and strong and has an accompanying
bubble pulse. Basement was interpreted as sedimentary,
perhaps chert. The water gun records from Glomar Chal-
lenger showed a less smooth basement reflector.

The exact location of HY-1 was chosen to coincide
with station HF 4/1, the location of the highest heat
flow measured in the area (118 mW/m2) during the site
survey. Station HF 4/1 lies approximately 1000 m north-
east of one of two acoustic transponders left in the area
to permit the Glomar Challenger to return to precisely
the same survey locations (Fig. 1).

Navigation

Since one of the major objectives of Leg 92 was to
evaluate the effect of localized ridge-flank hydrothermal
systems on the sediments and basement rocks, it was
critical that our sites be positioned precisely with respect
to the previously surveyed areas. To make this possible,
two acoustic transponders were left in the area of Site
597 during the Ariadne II site survey. The X-Y location
of each transponder was determined during the site sur-
vey by finding the best fit of the distance between them
on all crossings of the line between them. A third tran-
sponder used in the triangulation net was retrieved at
the end of the site survey. The latitude and longitude of
each transponder were determined by finding the best fit
of the X-Y triangulation grid to satellite fixes collected
while the ship was in the survey area. The site survey sta-
tions, located accurately in the X-Y reference frame,
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were subsequently assigned latitudes and longitudes that
were based on the positions determined for the tran-
sponders.

We decided to drop the Glomar Challenger site bea-
con at the latitude and longitude of the heat flow target
while steaming onto station in case neither of the tran-
sponders was still working. We planned to use the ship’s
dynamic positioning system guided by transponder nav-
igation to maneuver ourselves onto the target. The bea-
con for Site 597 was dropped at 0918 hr. on 2 March
1983 in 4167 m of water. The transponders were interro-
gated by using a portable Benthos deck interrogator unit
through a transducer that was deployed over the port
side of the ship, hung from the port crane, and kept at a
depth of about 12 m. One transponder left in the area
(the so-called green transponder) received on 10.0 kHz
and one (red transponder) on 10.5 kHz; both transmit-
ted at 12 kHz. The interrogator was programmed to out-
put a digital slant range value after each interrogation,
but it was also coupled to the ship’s 12-kHz recorder,
which keyed on the outgoing pulse and gave an analog
record of the return. Upon interrogating the transpon-
ders we found that only the 10.5-kHz (red) transponder
responded. Although the signal from it was received re-
liably by the 12-kHz recorder through its hull-mounted
transducer, the deck unit interrogator received a signal
only once.

In the absence of two transponders for navigation,
we used a set of offsets from the Challenger beacon mon-
itored with the red transponder to navigate precisely to
the chosen target. The site was then defined by the re-
sulting offset from the site beacon, 1710 ft. (521.2 m)
north and 1200 ft. (365.8 m) west. The satellite fixes ob-
tained while on Site 597 indicate a position of 18°48.38'S,
129°46.23' W (Hole 597), which is offset from the posi-
tion of 18°48.68'S, 120°45.97' W indicated by the site
survey. Since the X-Y positions are more accurate than
the satellite fixes, we assumed that the site was accu-
rately located with respect to the heat flow target and
that the difference in position represents error in satel-
lite fixes from one of the cruises, probably in those from
the site survey, which did not occupy a single location
for a long time.

Drilling Program

We began running drill pipe into the hole at 2100 hr.
on Wednesday, 2 March. The drill pipe was strapped (its
length was measured) and drifted (its inside diameter was
verified) on this first trip into the hole to ensure the com-
patibility of all coring and logging equipment to be used,
and to acquire an accurate drill pipe measurement of the
mud line. The average length of a drill stand (three joints)
was 28.73 m.

The first core recovered with the variable-length hy-
draulic piston corer (VLHPC) was full. In order to make
sure we had not overpenetrated the mud line, a second
mud line core was attempted 9.6 m higher and came
up empty. Mud line was established on the third try at
4157.1 m. Hole 597 was continuously cored using the
VLHPC to 52.7 m below seafloor (BSF) and deepened
to 54.7 m in rubbly basalt using the XCB (Table 1). Two
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Figure 1. Map showing location of Site 597 in site survey transponder grid. Locations of site survey sta-
tions are included. Stations labeled HF are multipenetration heat flow stations. Numbers following the
HF designation are the number of the heat flow run and the penetration number. HARP, in situ pore

water harpoon sample; GC, gravity core; HYD, hydrocast.

VLHPC Von Herzen heat flow probe measurements were
made. Both were unsuccessful as a result of damage to
wiring. Hole 597 terminated at 4211.8 m (54.7 m BSF),
and operations ceased at 1633 hr. on 3 March, when the
bit cleared the mud line.

Hole 597A was spudded at 1735 hr. on 3 March, with
an offset 100 ft. (30.5 m) to the south of Site 597. The
hole was cored continuously with the VLHPC to 47.6 m
and deepened to 48.6 m in rubbly basalt with the XCB.
Two VLHPC Von Herzen heat flow probe measurements
were made, one of which was successful. The Barnes/
Uvyeda/Kinoshita water sampler/heat flow tool was de-
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ployed twice; one deployment was successful. The hole
was terminated at 4208.7 m (48.6 m BSF); operations at
the hole ceased at 1945 hr. on 4 March with the bit on
deck.

For Hole 597B, the bottom-hole assembly (BHA) was
changed to that used for rotary coring and the pipe was
run to bottom. A special abbreviated version of the BHA
was used for this hole; it was shorter and lighter in weight
than the standard assembly to minimize the risk to the
equipment of spudding and drilling the basalt in this
area, which provided the assembly only limited support
from the thin sediment layer. Hole 597B was an explor-
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Figure 3. Glomar Challenger water gun profiles of the approach to Site 597. A. 5-s sweep. B. 2.5-s sweep.

atory pilot hole; it was drilled to determine whether drill-
ing conditions were good enough to justify the deploy-
ment of a re-entry cone and a major basement drilling
effort. Operations were delayed briefly when a pipe dope
brush handle broke off and fell into the open pipe from
the rig floor. After we recovered it with a core barrel,
operations resumed. The pipe was washed down to base-
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ment at 4208.0 m. The first core was cut with considera-
ble torquing and sticking. A particularly bad zone of
rubble approximately 9 m thick at the top of the basalt
seemed to be responsible for most of the drilling prob-
lems. After the rubble was cleared out conditions im-
proved significantly. Penetration rate was approximately
1.5 m/hr. The pilot hole was terminated at 4232.6 m



Table 1. Coring summary, Site 597.

Date Depth from Depth below  Length Length
(Mar. Time drill floor seafloor cored recovered  Recovery
Core  1983)  (hr) {m) (m) (m) (m) (%)
Hole 597
1 3 0240  4157.1-4161.7 0-4.6 4.6 4.64 100
2 3 0400  4161.7-4171.3 4.6-14.2 9.6 9.19 96
3 K} 0600  4171.3-4180.3 14.2-23.8 9.6 8.90 9
4 3 0705  4180.3-4190.5 23.8-33.4 9.6 8.84 92
5 3 0840  4190.5-4200.1 33.4-43.0 9.6 0 0
6 3 1015 4200.1-4209.7 43.0-52.6 9.6 .44 89
7 3 1130 4209.7-4209.8 52.6-52.7 0.1 0.02 20
8 3 1613 4209.8-4211.8 52.7-54.7 2.0 2.07 105
Total 54.70 42.10 77.0
Hole 597A
1 3 1720 4160.1-4165.7 0-4.6 4.6 4.64 100
2 3 2001 4164.7-4174.3 4.6-14.2 9.6 9.68 100
wi 3 2230 4174.3-4175.3 14.2-15.2
3 4 0015 4174.3-4183.9 14.2-23.8 9.6 8.96 93
4 4 0200  4183.9-4193.5 231.8-33.4 9.6 884 93
5 4 0330  4193.5-4203.1 33.4-43.0 9.6 8.75 92
w2 4 0540  4203.1-4204.6 43.0-44.5
6 4 0715 4198.1-4207.7 43.0-47.6% 4.6 7.56 164
7 4 1130 4207.7-4208.7 47.6-48.6 1.0 0.21 21
Total 48.60 48.64 100.1
Hole 5978
Wash 5 4160.0-4208.0 0-48.0
1 5 1215 4208.0-4214.4 48.0-54.4 6.4 0 a
2 5 2040 4214.4-4223.5 54.4-63.5 9.1 3.65 40
3 6 0730 4223.5-4232.6 63.5-72.6 9.1 1.78 20
Total 4.6 5.43 2.1
Hole 597C
1 7 2210 4203.5-4212.5 43.5-52.5 2.0 6.73 75
2 8 0100  4212.5-4215.5 52.5-55.5 3.0 (1] 0
k] 8 0750  4215.5-4224.5 55.5-64.5 9.0 129 37
4 8 1445 4224.5-4233.5 64.5-71.5 9.0 7.59 84
5 8 2140 4233.5-4242.5 73.5-82.5 9.0 1.65 18
6 9 0510 4242.5-4251.5 82.5-91.5 9.0 5.17 57
7 9 1115 4251.5-4260.5 91.5-100.5 9.0 4.87 54
8 9 1915 4260.5-4269.5 100.5-109.5 9.0 848 94
9 11 0545 4269.5-4279.5 109.5-118.5 9.0 4.45 49
10 11 1145 4279.5-4287.5 118.5-127.5 9.0 831 92
11 11 1635 4287.5-4296.5 127.5-136.5 9.0 4,52 51
12 1 2235 4296.5-4303.5  136.5-141.5 7.0 0.15 2
Total 100.0 55.21 55.2

3 Cored 4.6 m (i.e., 9.6 m less a 5-m recored interval); recovered 7.6 m.

(72.6 m BSF), 24.6 m into basement. The bit was dropped
in the hole using the mechanical bit release.

A logging run with the 12-channel sonic logging tool
was attempted in the pilot hole. The signal from the tool
was good, but the test was unsuccessful because we were
unable to lower the tool out of the pipe and into the
open hole (see Downhole Logging). It is possible that
the end of the drill pipe was in the rubble zone and that
the tool could not enter the narrower borehole beneath.
There were several kinks in the cable connecting the
source unit with the receiver assembly when the tool was
retrieved. The tool was modified for future deployment
by eliminating the flexible cable link. The drill pipe was
pulled, and operations at the hole terminated with the
bit release on deck at 0015 hr. on 7 March.

A re-entry cone with 39.81 m of 16-in. casing was
made up and deployed for Hole 597C. The cone and
casing were washed in and released from the drill pipe
without incident. The cone was set at mud line (4160.0 m);
the top of the cone is at 4157.0 m and the casing shoe is
at 4201 m (7 m above basement). The abbreviated BHA
used for Hole 597B was also used in this hole. Hole
597C was spudded at 1918 hr. on 7 March. Drilling con-
ditions were similar to those in the pilot hole, with some
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torquing and sticking in the upper part of the hole; pen-
etration rate was about 1.5 m/hr.

We stopped coring at 1915 hr. on 9 March with 32.7
hr. on the bit. Although the bit was drilling well, we de-
cided not to risk its failing in the hole, because the site
was drilling smoothly. In addition, we thought we could
increase penetration rate by using a new bit and a heavi-
er BHA. When the BHA was recovered, the flow-through
latch sleeve was not on the running tool; it had hung up
on the drill bit. Apparently both tools had become worn
by the rotation of the drill collars and the drill pipe, and
the latch sleeve had rotated enough to align the flats in
both assemblies.

Re-entry of Hole 597C was a routine 4.75 hr. from
the start of scanning to verification of re-entry. No fill
was evident in the hole. Recovery percentages with the
new bit were very good, and penetration rate improved
to 2.1 to 2.6 m/hr. Drilling was terminated at 4303.5 m
(143.5 m BSF), 91.0 m into basement, at 2215 hr. on 11
March to allow enough time to log the hole and to con-
duct a packer experiment.

Re-entry for logging and the packer experiment was
delayed by a squall, which blew the Challenger 280 ft.
(85.3 m) off station just as the scanning operations with
the re-entry tool were about to begin. Re-entry took about
7.1 hr. including this delay; re-entry was verified at 0345
hr. on 13 March. After the re-entry tool was retrieved,
the drill pipe was run to the bottom of the hole to deter-
mine whether there was any fill. There appeared to be
none. The drill bit was lifted to 4232 m, the logging
sheaves were picked up, and the caliper tool was run in-
to the hole. Four caliper runs were made in basement,
two at 4800 ft./hr. (1463 m/hr.) and two at 2400 ft./hr.
(732 m/hr.). The slower speed resulted in better data.
After the caliper runs, two borehole televiewer runs were
made in basement, one with a 1.2-MHz transducer and
one with a 500-kHz transducer. The logging rate was
300 ft./hr. (91 m/hr.) for both runs, and all data were
good. A 12-channel sonic log was scheduled after the
televiewer runs. The sonic tool did not appear to be func-
tioning correctly while it was being run into the hole,
and the malfunction was confirmed when the tool em-
erged into the open hole. Because the sonic logging ex-
periment had high priority, we retrieved the tool and at-
tempted to repair it before going on to the packer exper-
iment. However, the hydrophone wiring in the receiver
section of the sonic tool was severely damaged, and we
could not repair it because spare parts were not avail-
able.

We then tried to run the pipe to the bottom of the
hole for the packer experiment, but the drill bit stopped
6 m above the total depth of the hole. Three attempts to
move it deeper failed. Several of the logging tools had
stopped at the same depth, so we assumed that the hole
had partially filled from above. The packer safety go-
devil was run into the hole, and we continued to try to
get to the bottom of the hole. The safety go-devil was
seated, and we applied 1400 1b/in? of pressure by us-
ing the Byron Jackson (BJ) cementing unit. This should
have set the packer. All pressure was bled off, and the
flow test manifold was rigged. The driller was advised to
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watch for a weight loss on his indicator, which would in-
dicate that the packer was being forced up the hole and
that the water pressure should be vented. The drill string
was pressured up to 2200 Ib/in? to shear the circulation
plug in the safety go-devil and allow circulation below
the packer. The pin appeared to shear and the pressure
fell to zero, but the bumper subs were pounding (i.e.,
were fully extended) and the drill string weight began to
increase. The pressure had vented off at the rig floor
standpipe. We believed that the bit had hung on and
then broken through a bridge or ledge 6 m off the bot-
tom; this would have caused the bumper subs to scope
out and the drill string weight to increase. The drill string
was picked up to the nearest connection, which required
a 50,000-1b pull. The circulating head was broken out,
and one joint of knobby drill pipe was added to put
the bumper subs in neutral. When pumping began for a
flow test, no pressure could be built up. A pull test was
made, but there was no noticeable pull on the drill string
to indicate a packer seat. We assumed that the packer el-
ement had torn when the drill string broke through the
bridge and the bumper subs scoped out. The drill string
was pulled, with the bit arriving on deck at 1330 hr. on
14 March. We found that the deflate plug in the packer
had sheared at some point, causing the packer to de-
flate. The packer element was not damaged.

Although no operations had been planned to follow
the packer experiment, we received word after the drill
string had been pulled that the rendezvous ship Papenoo,
which was to exchange personnel, would be delayed.
Since there was insufficient time before the arrival of
the Papenoo to complete another re-entry, we decided to
deploy the wireline re-entry system. The attempt to re-
enter Hole 597C with this system failed because the Edo
sonic tool did not receive return signals from the cone.
This was not clear until we attempted to lower the re-
entry tool all the way to the mud line to pick up a sig-
nal. With 247 m of extra cable out no mud line signal
was received. We retrieved the tool and found sediment
jammed into the end of it and into crevices at least 0.5 m
up the frame of the tool. Later examination of the tool
indicated that a cable head was faulty.

The exchange of personnel was completed at 0800 hr.
on 15 March. We then attempted to recall the two acous-
tic navigation transponders. The red (10.0-kHz) tran-
sponder was recalled and recovered intact. We sent recall
signals to the green (10.5-kHz) transponder for about
2 hr., but it did not signal that it had received the recall
instruction. At 1438 hr. on 15 March, we abandoned the
effort to recall the transponder, and the vessel got under
way for Site 598 (HY-1A).

SEDIMENT LITHOLOGY

At this site, Holes 597 and 597A were hydraulic pis-
ton cored, with sediment recovery of 78 and 92.1%, re-
spectively. A third hole (597C) was rotary drilled. A sum-
mary of the sediment sections recovered is shown in
Figure 4. A thin layer of dark brown zeolitic clay, Unit
I, is underlain by nannofossil ooze and clay-bearing nan-
nofossil ooze, Unit IIA, and clayey nannofossil ooze,
Unit 1IB. The ooze is composed mainly of coccoliths
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and discoasters, with some foraminifers (less than 2%).
No radiolarians or diatoms were observed. Yellow to red
brown, translucent to semiopaque oxyhydroxides are pres-
ent throughout Unit II and increase in abundance with
depth (Fig. 5). They are generally isotropic but occa-
sionally have low birefringence and are generally be-
tween 5 and 40 ym in diameter (some are up to 100 pm).
This yellow to red brown material was designated by Leg
34 scientists as RSO (red brown to yellow brown semi-
opaque oxides; see Quilty et al., 1976; Bass, 1976a). Ox-
ides appear to stain and/or impregnate the other sedi-
ment components, in particular the clay-sized fraction
and minerals. Some palagonite is also present through-
out Unit II; these particles closely resemble some of the
RSO, but they are generally larger. In smear slides in
which RSO and palagonite had the same grain size range,
it would be difficult or impossible to distinguish be-
tween the two.

Fish debris and micronodules are surprisingly rare.
Basaltic detritus is more common in the lowermost 2 to
5 m of the sediment section than higher up, but it is
present in minor to trace amounts at most depths. A
very high concentration of coarse silt to fine sand-sized
(up to 150 pm) basaltic debris composes a siltstone that
occurs 2.5 m above basement; most of the grains and
the coarsest grains in this rock are composed of plagio-
clase.

A silicic to intermediate ash layer occurs at 48.4 m in
Hole 597 (Sample 597-6-4, 92-95 cm); at 41.3 m in Hole
597A (Sample 597A-5-6, 35-38 cm); and at 49.7 m in
Hole 597C (Sample 597C-1-5, 15-18 cm). The glass shards
in the ash layer are colorless, transparent, anhedral, equant
irregular grains up to 120 pm in diameter; however, most
are less than 80 pm. The index of refraction is lower
than 1.54. Occasional devitrification is present. Other
terrigenous components are rare to absent. The grain
size of trace quartz and feldspars is less than 10 pm,
with occasional grains up to 40 pm, the typical size range
of the eolian dust component in oceanic sediments (Ar-
rhenius, 1963; Windom, 1969).

The zeolite in Unit I is phillipsite, which is known to
be derived from volcanic matter under both submarine
and subaerial conditions. It occurs as euhedral to subhe-
dral prisms up to 100 pm long; most are isotropic, al-
though some are zoned and/or twinned. The crystals
contain numerous inclusions, and the prism planes seem
to be etched. Minor to trace amounts of phillipsite are
present in many other sediment intervals.

The X-ray diffraction patterns of the brown zeolitic
clay layer and of the HCl-insoluble residues from the
basal sediments (lowermost 4 m, Hole 597C) fail to indi-
cate the presence of any unequivocally terrigenous clay
minerals like illite or kaolinite. Hence, with the excep-
tion of the one silicic to intermediate ash layer, 96 to
98% of the sediment is composed of mixtures of three
end-member components: (1) calcareous ooze, (2) very
poorly crystalline smectite and amorphous material pres-
ent as yellow brown to dull yellow extremely fine-grained
particles to silty aggregates, and (3) RSO. Thus, the lith-
ologic units were defined on the basis of these compo-
nents (Figs. 5 and 6).
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Figure 4. Lithologic sections and correlations, Holes 597, 597A, and 597C. Color value is a measure of “lightness” (lighter to
the left) used in Munsell soil color charts and all core descriptions.

Unit I, which is present only in the uppermost 1.4 m
of the sediment, is almost carbonate free and seems sim-
ilar to the clay section of Site 75 (Tracey, Sutton, et al.,
1971). It is also similar to, although much thinner than,
the clay section of Site 319 in the Bauer Deep (Quilty et
al., 1976). Unit 11 comprises the rest of the section. It is
divided into two subunits. Unit IIA commonly contains
75 to 90% calcareous nannofossils. In Unit 1IB (the ba-
sal 10 m), the abundance of clay plus RSO increases
rapidly with depth and constitutes up to 50% of the sed-
iment (Figs. 4 and 6). This material is dominantly silt

CaCO; Dissolution

The sedimentation rates at Site 597 (Fig. 7) are very
low, ranging from about 0.1 to 7.7 mm/103 yr. These
calculated values represent minimum rates, however, be-
cause much evidence of CaCOj; dissolution can be ob-
served in the smear slides and inferred from the dissolved
Ca?* profiles. CaCO; dissolution is most extensive in
the uppermost 10 m, and it is significant between about
10 and 25 m. Below 25 m, even though dissolution fea-
tures are present, CaCO; overgrowth is observed as well.
During the second half of the early Miocene, sedimen-
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Figure 5. Smear slide summary, Site 597. A. Hole 597. B. Hole 597A.
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tation rates decreased significantly. At about this time
the carbonate compensation depth (CCD) started a gen-
eral shallowing trend, which culminated during the mid-
dle Miocene (10 to 15 Ma) (see Berger and Winterer,
1974; van Andel et al., 1975). In the middle early Mio-
cene, the site moved below the CCD, and it has proba-
bly remained there since (Rea and Leinen, this volume).
At present, the CCD lies at about 3950 to 4050 m, and it
is sharply defined (Broecker and Broecker, 1974). The
water depth at Site 597 is 4160 m; a sedimentation histo-
ry of about 14 m.y. is condensed in the top 1.5 m of the
sediment column.

Sedimentation History

Sedimentation in this area is controlled primarily by
variations in productivity, the dissolution of CaCO,, ero-
sion, and redeposition. Because of the very slow sedi-
mentation rates, stratigraphic resolution is poor. Conse-
quently, no detailed information about erosion, redepo-
sition, or hiatuses can be inferred for the middle early
Miocene to present.

In the vicinity of ridge crests, especially fast-spread-
ing ridges, particles rich in metal, especially Fe and Mn,
accumulate in the sediment as a result of ridge crest hy-
drothermal activity. The rate at which such particles ac-
cumulate and/or other particles become coated with Fe—
Mn oxyhydroxides should decrease rapidly away from
the ridge crest. Thus, at any given location the Fe- and
Mn-rich particles become a less important diluent with
time (although there may be short periods during which
the flux increases). We assumed that at least some and
possibly much of the RSO was derived from ridgecrest
hydrothermal activity; and, indeed, the concentration
of RSO is greatest in the late Oligocene basal sediments
(Unit 1IB).

Sedimentation began above the CCD; the accumula-
tion of calcareous sediment continued for about 14 m.y.

SITE 597

Subsequent sedimentation took place below the CCD.
Despite the CCD variations that occurred during the Ter-
tiary (Berger and Winterer, 1974; van Andel et al., 1975),
the late Oligocene and early Miocene sediments are sim-
ilar, except for the basal sediments (Fig. 4). The intervals
contain about the same average percent CaCO; and have
about the same total sediment thickness. The late Oligo-
cene section, however, represents 2 maximum of about
4.4 m.y., and the early Miocene section represents about
10.2 m.y. If we assume the absence of hiatuses, erosion,
or redeposition, at least some of similarity in CaCOs;
content can be explained by the dilution of the late Oli-
gocene carbonate by a significant amount of RSO and
the enhanced preservation of CaCO;; the average flux
of RSO was considerably lower, and CaCOj dissolution
was greater, in the early Miocene.

From the early Miocene through the Pleistocene, the
sediment thickness of Holes 597 and 597A is similar
(Fig. 4). The early Oligocene sections are dissimilar, prob-
ably because of the effects of local gentle basement to-
pography. Hole 597A is upslope of Hole 597.

The glass shards in the ash layer are assumed to have
been transported by wind, so their coarse grain size re-
quires proximity to their explosive source. The low index
of refraction of the glass, and thus its silicic nature, sug-
gests an Andean source. Extrapolating from the nearest
biostratigraphic datum suggests that the age of the ash
layer should be about 26 Ma. If so, it may record an un-
usually explosive volcanic event in the Andes, presum-
ably one caused by the reorientation of oceanic plate
boundaries that occurred at this time (Handschumach-
er, 1976). Site 597 was much closer to the Andes then. It
is also noteworthy that there are no other distinct ash
layers, although there are some disseminated fine-grained
silicic to intermediate glass shards. Sediment studies at
Site 321 (e.g., Donnelly, 1976) suggested the inception
of intense volcanism in the Andes in the late Miocene,
but no evidence of this was observed at Site 597, which
by then was much farther downwind.

The nonuniformity of the grain size of the basaltic
detritus suggests a mixture from local sources, such as
exposed basement (seen in air gun records) and, possi-
bly, volcanic highs. Similarly, the rather large variations
in the grain size, color, and shape of the RSO, which ap-
pear even within a single sample, suggest that these par-
ticles were not subjected to long-distance hydraulic trans-
port. Some of the observed variations, especially those
in color and grain size, however, may reflect diagenetic
processes, X-ray diffraction analysis of this material shows
that it is primarily amorphous.

The nature and origin of the diagenetic poorly crys-
talline to X-ray amorphous smectites of Unit I are still
obscure. Any of the co-existing components, especially
the basaltic glass, palagonite, and RSO, could be, and
most probably are, precursors of the diagenetic smectites.

BIOSTRATIGRAPHY

Planktonic foraminifers and calcareous nannofossils
were present in all the cores from Holes 597 and 597A.
No siliceous microfossils were found. A condensed mid-
dle and late Neogene interval was recovered in Core 1 in
both Holes 597 and 597A; zonable lower Miocene and

35



SITE 597

E
&
£
=
@
©
5
k=l
®
o
w
4+ -
| { 1 1 | 1 o
30 285 25 20 15 10 S o]
Age of seafloor (m.y.)
Pleist.  Plioc. late Miocene mid. Miocene  early Miocene late Oligocene
i L 1 L
<02 <01
10 .
_ Sedimentation
E rates
= 20F (m/m.y.) 1
=
7]
k=]
E 30F =
2
3 4o} -
o
=]
(5]
50 -]
1 1 1 o 5 1 1
o} 4 9 14 19 23 283
Age (Ma)

Figure 7. Age/depth plot and sedimentation rates, Hole 597.

uppermost Oligocene sediments make up the remainder
of the section to basement. The calcareous nannofossils
also indicated that uppermost Oligocene sediments im-
mediately overlie basement (Sample 597C-1,CC).

The top 30 cm or so of Hole 597 (0.3 m BSF) contain
Pleistocene nannofossils. Immediately underneath lies a
barren interval that extends to about 1.4 m sub-bottom.
The interval below the barren zone and above approxi-
mately 28 m in both Holes 597 and 597A is early Mio-
cene in age. The remainder of the sediment (below 28 m)
is uppermost Oligocene. The preservation of planktonic
foraminifers was poor in both Samples 597A-1,CC and

36

597-1,CC, and the lower/middle Miocene boundary could
not be identified by using the Orbulina datum. How-
ever, the planktonic foraminifers indicated that the Oli-
gocene/Miocene boundary occurred within Cores 597-4
and 597A-4. More precise determination by calcareous
nannofossils places the boundary in Core 597-4 at ap-
proximately 28.3 m (between -4-3, 5-6 cm and -4-4, 56~
57 cm) and in Core 597A-4 at approximately 26.8 m (be-
tween -4-2, 75-76 cm and -4-3, 90-91 cm).

According to the paleomagnetic age assigned by Haq
(1984) to the nannofossil zonation scheme of Okada and
Bukry (1980), the age of the sediment in contact with



basement (28.3 Ma) agrees with the magnetic anomaly
age for the site of 28.6 Ma (using the Harland et al.,
1982, time scale), within the precision associated with
the determination of faunal zone boundaries.

Planktonic Foraminifers

The tropical zonation scheme proposed by Blow (1969)
was adopted for use at the Leg 92 sites. The modifica-
tions of this zonation scheme proposed by Srinivasan
and Kennett (1981) have been incorporated; that is, the
Oligocene/Miocene boundary is defined by the first ap-
pearance of Globoquadrina dehiscens, which splits Blow’s
Zone N4 into two parts, 4A and 4B. The base of the up-
per Oligocene (Zone N4A) is defined by first appear-
ance of Globigerinoides spp., and the base of the lower
Miocene (Zone N4B) is defined by the first appearance
of Globoquadrina dehiscens.

The sediment overlying basement at Site 597 yielded
planktonic foraminifers of latest Oligocene to early Mi-
ocene age (note that only core catchers were examined).
Preservation was generally moderate to poor, and abun-
dances in most core catchers were dependent on the state
of sample preservation (see Table 2).

The sediment near the surface (Samples 597-1,CC and
597A-1,CC) had very few foraminifers, and those present
were poorly preserved. The foraminifers in Sample 597-
1,CC (4.6 m) indicate a latest early Miocene age (Zone
N7/N8; Fig. 8). The lack of any specimens of Orbulina
also suggests an early Miocene age, but the poor preser-
vation of the sample and the paucity of species other
than the dissolution-resistant Sphaeroidinellopsis dis-
Juncta and 8. seminulina seminulina make it impossible
to rule out an earliest middle Miocene age. Samples
597-2,CC and -3,CC span the lower Miocene Zones N5/
N6 through N4B (4.6 to 23.8 m). The Oligocene/Mio-
cene boundary occurs within Core 597-4, as indicated
by the first appearance of G. dehiscens, which occurs
between -3,CC and -4,CC (23.8 to 33.4 m). An upper-
most Oligocene fauna indicative of Zone N4A occurs in

Table 2. Abundance and preservation of planktonic fora-
minifers, Site 597.

Sample
(interval in c¢m) Abundance Preservation
Hole 597
1,CC Few Poor
2.CC Abundant (small forms) Moderate
3.CC Abundant (small forms) Moderate
4,CC Abundant (small forms) Moderate
6,cC? Rare Poor
7.CcC Rare to few Poor
8,CcC Rare to few Poor
Hole 597A
1,cC Rare Poor
2,CC Few Poor to moderate
3-6 (148-150) Few Poor to moderate
4,CC Common Poor to moderate
5,.CC Few Poor to moderate
6,CC Common Moderate

2 There was no recovery in Core 5.

SITE 597

Samples 597-4,CC, -6,CC, -7,CC, and -8,CC (no sedi-
ment was recovered from Core 597-5): Globorotalia ku-
gleri, Globigerina angulisuturalis, and Globorotalia na-
na. The poor preservation, lower diversity, and low abun-
dances of foraminifers in Samples 597-6,CC through
-8,CC are probably responsible for the lack of Globiger-
inoides spp., which would normally occur in association
with the species listed and the first appearance of which
defines the base of Zone N4A.

Sample 597A-1,CC has a poorly preserved and im-
poverished association of early lower Miocene foramini-
fers that could not be adequately zoned. Sample 597A-
2,CC (14.2 m) contains lowermost Miocene species, with
abundant Globorotalia cf. kugleri co-occurring with Neo-
globoguadrina continuosa and Globigerinoides primor-
dius. The presence of some younger fossils suggests that
this sample is younger than Zone N4B. Sample 597A-
3,CC (23.8 m) appears to be within Zone N4B, inas-
much as there are no strictly Oligocene species to indi-
cate otherwise. The Oligocene/Miocene boundary lies
within Core 597A-4, as indicated by the presence in Sam-
ple 597A-4,CC (33.4 m) of Globorotalia kugleri in asso-
ciation with Globigerina angulisuturalis; the last appear-
ance of the latter is latest Oligocene (near the top of
Zone N4A; Kennett and Srinivasan, 1981). The remain-
ing samples (597A-5,CC and -6,CC) are within Zone
N4A, with a species association consisting of common
G. angulisuturalis and rare (-5,CC) to abundant (-6,CC)
Globigerinoides primordius; the first appearance of G.
primordius occurs at the base of this zone.

Nannofossils

Sediments recovered at Site 597 were zoned by using
the low-latitude nannofossil biostratigraphic zonation of
Okada and Bukry (1980). Only Zones CN1 to CN5 and
CP19B were found at this site except for a very thin
Pleistocene section (CN14 to 15) above the barren inter-
val between 0.3 and 1.4 m. The absence of Discoaster
druggii suggests that the CN2 Zone (Sphenolithus be-
lemnos Zone) may be present above Sample 597-1-3,
56-57 cm; however, no specimens of S. belemnos could
be positively identified. The CN1A and CN1B subzones
were grouped together because the termination of the
Cyclicargolithus abisectus acme that separates them was
not clear.

Pleistocene

The upper, approximately 0.2 to 0.3 m, of both holes
(Samples 597-1-1, 5-6 cm and 597A-1-1, 10-11 cm) con-
tain calcareous nannofossils of Pleistocene age. Speci-
mens are few to common in abundance and of poor to
moderate preservation. These samples are tentatively
placed within the Gephyrocapsa oceanica Zone, CN14;
however, the presence of Emiliania huxleyi was not con-
firmed because of its small size. Ceratolithus cristatus
and Gephyrocapsa spp. are the most common forms
found, with Cyclococcolithina leptopora, C. macinty-
rei, Helicopontosphaera kamptneri, and Coccolithus pe-
lagicus forming most of the remaining assemblage. Pseu-
doemiliania lacunosa may also be present. Various dis-
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Figure 8. Comparison of biostratigraphic zonations, Site 597.
coaster and sphenolithus species are reworked into the Early Miocene
interval; Cyclicargolithus floridanus and Triquetrorhab-
dulus carinatus are also reworked. Sediments from Samples 597-1-2, 56-57 ¢m through
Below this interval, from approximately 0.3 to 1.4 m -4-3, 56-57 cm (approximately 2.1 to 27.3 m) and 597A-
sub-bottom depth, the sediment is barren of calcareous 1-3, 133-134 cm through -4-2, 75-76 cm (approximate-
nannofossils. The interval represents the period of time ly 4.3 to 26.0 m) are of early Miocene age. Calcareous
from the late early Miocene to the Pleistocene. nannofossils are abundant and preservation is moder-
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ate. Most discoasters are overgrown, and placoliths show
effects of dissolution (isolated placolith rims are com-
mon). Dissolution effects are more pronounced above
Sample 597-2-3, 56-57 cm. The interval is dominated
throughout by Discoaster deflandrei and Cyclicargolith-
us floridanus.

The late early Miocene Sphenolithus belemnos Zone
(CN2) may occur above Samples 597-1-3, 56-57 cm and
597A-1-3, 56-57 cm, because D. druggii is absent. How-
ever, the occurrence of S. belemnos could not be verified
because of the poor preservation of the samples.

Samples 597-2-1, 56-57 cm through -3-4, 56-57 cm
(approximately 5.1 to 19.2 m) and 597A-1-3, 133-134 cm
through -3-3, 56-57 cm (approximately 4.3 to 17.7 m)
are within the Triquetrorhabdulus carinatus Zone, D.
druggii Subzone (CNI1C). D. druggii is present in the
upper and lower portion of the zone, but it is absent in
the middle portion (597-2-3, 56-57 cm through -3-2, 56—
57 cm and 597A-2-3, 100-101 cm through -3-1, 56-57
cm). C. abisectus was first noted in this subzone and be-
come more numerous downhole. It is, however, still rare
to few in abundance. Only one individual of Orthorhab-
dus serratus was observed within this subzone (Sample
597A-1,CC). Preservation is moderate, with most forms
showing overgrowths. Discoaster sp., S. moriformis, T.
carinatus, and T. milowii are also present.

The lower two subzones (D. deflandrei, CN1B; and
C. abisectus, CN1A) of the T. carinatus Zone were not
separated within these sites because the end of the C.
abisectus acme was unclear. The reduction in numbers
of C. abisectus is gradual, and the end of its acme may
be partially obscured by reworking. Samples from 597-
3-5, 56-57 cm through -4-3, 56-57 cm (approximately
20.7 to 27.3 m) and 597A-3-4, 56-57 cm through -4-2,
75-76 cm (approximately 18.2 to 26.0 m) fall within these
two subzones. T. carinatus and C. abisectus become few
to common in abundance. The remaining assemblage
consists primarily of Coccolithus pelagicus, C. miopela-
gicus, Coronocyclus sp., S. moriformis, S. dissimilis,
and 7. milowii.

Upper Oligocene

Calcareous nannofossils found in the lower half of
the sediment column, Samples 597-4-4, 56-57 cm to
basement (approximately 28.7 to 54.7 m) and 597A-4-3,
90-91 cm to basement (approximately 27.7 to 48.6 m)
were placed within the uppermost Oligocene Sphenolith-
us ciperoensis Zone, Dictyococcites bisectus Subzone
(CP19B). Basal sediments from Hole 597C (597C-1,CC)
indicate a similar age. Nannofossils are abundant through-
out most of the section, but a decrease in numbers was
noted in the lower portion of Core 597-6. Preservation
is moderate, with poor preservation associated with the
lower abundance in Core 597-6. Overgrowths increase
downhole and preservation becomes poorer (Samples
597-7,CC and -8,CC). Most discoasters, which are pre-
sumably Discoaster deflandrei, show rays that are al-
most totally fused together; placoliths are heavily over-
grown by secondary calcite.

Specimens of S. ciperoensis are few to common in
most samples, and S. distentus was not observed. D. de-

SITE 597

Sflandrei is the most dominant discoaster. Cyclicargolith-
us floridanus is also abundant, with C. abisectus begin-
ning to dominate the placoliths downsection. Dictyococ-
cites bisectus makes its first appearance within this zone;
it is rare in abundance, increasing in numbers towards
the bottom. S. moriformis and S. dissimilis are gener-
ally more common. Triguetrorhabdulus carinatus are few
to common throughout.

SEDIMENTATION AND ACCUMULATION RATES

Sedimentation rates were calculated for both Holes
597 and 597A by using nannofossil zone boundaries
(Table 3; Figs. 8 and 9). Sedimentation rates have been
very low at both holes during the past 17.0 m.y. Below
the early/middle Miocene boundary the rates increase,
and they are higher throughout the rest of the section.
The interval between 0.3 m sub-bottom depth in Core
597-1 (Pleistocene in age) and 1.4 m (early to middle
Miocene in age) in both holes lacks calcium carbonate.

Mass accumulation rates were calculated for Holes
597 and 597A (Table 3) by using the sedimentation rates
determined by nannofossil biostratigraphy and dry bulk
densities calculated from averaged porosity and grain den-
sities (see Physical Properties). The equation for mass
accumulation rate is R = S[(1 — P)p], where § is sedi-
mentation rate, P is porosity in percent, and p is grain
density. Mass accumulation rates decreased by two orders
of magnitude, from 0.69 to less than 0.005 g/(cm? X
103 yr.), in sediments younger than 14.2 Ma. The timing
of the change in rates coincides with a shallowing in the
CCD in the Pacific that began near the early/middle
Miocene boundary and is responsible for the poorer pres-
ervation and/or the absence of carbonate microfossils
in sediment younger than about 16 to 17 Ma (van Andel
et al., 1975). In addition, Moore et al. (1978) showed
that hiatuses began to increase in abundance in the south-
eastern tropical Pacific at 15 Ma, a phenomenon that
became most widespread at about 12 Ma. A combina-
tion of dissolution and erosion is probably responsible
for the extremely low sedimentation and mass accumu-
lation rates in the section younger than the early/middle
Miocene boundary (Table 3). The deepening of basement
as the crust on which Site 597 is located spread away
from the Mendoza Rise and cooled probably amplified
the effect of the shallowing CCD.

PHYSICAL PROPERTIES

Sediment Measurements

The sediment physical properties measured at Site 597
included wet bulk density, porosity, compressional sonic
velocity, thermal conductivity, and electrical resistivity.
Since the first HPC hole, Hole 597, was to be very heav-
ily sampled, it was decided to make detailed measure-
ments only on cores from the second HPC hole, Hole
597A. Each parameter listed above was measured once
per section in Hole 597A, and all parameters were mea-
sured within the same 5- to 10-cm interval in the section.
In addition, each section of each hole was run through
the GRAPE (gamma ray attentuation porosity evalua-
tor), generating a set of measurements (Boyce, 1976)
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Figure 9. Sedimentation rates. A. Hole 597. B. Hole 597A.

Table 3. Sedimentation and accumulation rates, Holes 597 and 597A.

Depth Dry bulk
interval Age Sedimentation density Mass accumulation
(m) (Ma) rate (m/m.y)  (g/em3)  rate (mg/[em? x 103 yr.])
Hole 597
0-1.5 0-14.2 0.1 0.511 5
1.5-4.1 14.2-17.0 0.9 0.774 72
4.1-15.5  17.0-18.7 5.8 1.026 688
15.5-19.2 18.7-22.0 1.6 1.113 125
19.2-27.8 22.0-24.8 3] 1.052 323
27.8-54.7 24.8-283 =7.1 0.975 =750
Hole 597A
0-1.5 0-14.2 0.1 0.66 7
1.5-3.4 14.2-17.0 0.6 0.92 55
3.4-12.9  17.0-18.7 5.6 0.92 515
12.9-18.2  18.7-22.0 1.6 0.92 147
18.2-27.8  22.0-24.8 34 0.95 323
27.8-46.5 24.8-28.3 =53 0.91 =482

that when processed on shore provided continuous plots
of density and porosity versus depth. All measurements
were made at atmospheric pressure and an ambient tem-
perature of 25 to 26°C.

The sonic velocity measurements were made with a
Hamilton frame velocimeter, across a split core in liner;
that is, parallel to any natural horizontal stratification.
The wet bulk density and porosity measurements resulted
from the gravimetric analysis of samples in stainless steel
cylinders. These techniques for making velocity and den-
sity—porosity measurements are standard for DSDP and
are described by Boyce (1976).

Electrical resistivity was measured with a simple, four-
electrode apparatus that was similar to that described by
Manheim and Waterman (1974), but the accuracy of the
apparatus was uncertain. Measurements were made by
inserting the electrodes into the split core in its liner.
Readings were taken both across and along the split core
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liner. A significant cell factor due to the liner was appar-
ent: values taken along the split core averaged about
10% higher than those taken across the core. Because of
this cell factor and the undetermined accuracy of the ap-
paratus, results are presented as apparent “formation
factors,” normalized to the readings obtained with sur-
face seawater at 25 to 26°C. Formation factor is defined
as the ratio of the resistivity of the porous matrix (R,)
to that of the pore fluid (Ry), and it generally bears an
inverse square relationship to porosity (Archie, 1942):
F = R,,/R; = ¢~2 The resistivity of surface seawater
was used to approximate that of the pore fluids, which
is reasonable as long as the salinity of the pore fluids
does not vary significantly. The conversion to formation
factor removed the cell effect due to the liner. The values
presented here are averages of the formation factors cal-
culated for the two electrode/sample geometries. Al-
though the values themselves are of uncertain accuracy
(probably no better than =+ 10 to 20%), the relative vari-
ation downhole is realistic.

The thermal conductivity measurements were made
with a digital needle-probe apparatus (Von Herzen and
Maxwell, 1959), which has an inherent accuracy of about
+ 5%. The paper tapes produced by this apparatus could
not be read on board, so the data were reduced after the
leg.

Sediment Measurement Results

The physical properties data, and sample means and
standard deviations, are listed and plotted in Table 4 and
Figure 10, respectively. The mean porosity values of 60
to 65% for the clay-bearing carbonate oozes cored at
Site 597 are fairly typical. With the exception of the up-
permost 10 m, the mean values fit the data well; that is,
the physical properties show no evidence of lithification
processes in the 42 m sampled. The significant down-
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Figure 10. Sediment physical properties, Hole 597A.

Table 4. Sediment physical properties, Hole 597A.

SITE 597

Uncorrected
for salt Corrected for salt
Sub-
bottom  Wet bulk Grain Grain Sonic Acoustic
depth dcnsitsy Porosity dcnsilzy Porosity  density  velocity impedance Formation
Core  Section (m) (g/ecmd) (%) (gfemd) (%) (g/em3)  (km/s) (Gg/mz-s) factor
1 1 0.75 1.27 79.8 2.34 80.7 2.29 1.52 1.93 1.86
2 2.27 1.46 69.7 2.51 70.5 2.49 1.50 2.19 2.00
3 3.68 1.47 70.3 2.57 71.1 2.56 1.49 2.19 2.19
2 2 6.86 1.55 64.2 2.52 64.9 2.51 1.52 2.36 2.17
3 8.35 1.56 58.0 2.33 58.7 2.32 1.52 2.37 2.19
4 9.87 1.54 65.4 2.56 66.1 2.55 1.51 2.33 2.10
5 11.37 1.61 59.2 2.50 599 2.48 1.52 2.45 2.35
6 12.77 1.66 56.3 2.51 56.9 2.50 1.54 2.56 2.44
3 2 16.59 1.63 56.1 243 56.7 2.42 1.55 2.52 2.49
3 18.10 1.62 58.6 2.49 59.3 2.48 1.53 2.48 2.36
4 19.72 1.63 58.1 2.51 58.8 2.50 1.54 2.51 2.64
5 21.18 1.57 61.2 247 61.9 2.46 1.53 2.39 222
6 22.35 1.56 58.8 2,37 59.5 2.36 1.54 2.40 2.61
4 1 24.73 1.52 58.4 2.25 59.1 2.24 1.51 2.30 274
2 26.16 1.56 60.2 2.41 60.9 2.39 1.52 2.36 2.54
3 27.75 1.58 61.1 2.50 61.8 2.48 1.52 2.40 2.53
4 29.20 1.57 61.0 245 61.7 2.44 1.51 237 2.30
5 30.74 1.58 61.0 2.49 61.7 2.48 1.52 2.40 2.54
6 32.17 1.58 63.5 2.58 64.3 2.57 1.53 2.41 2.48
5 1 34.35 1.54 60.1 2.37 60.8 2.35 1.53 2.36 2.38
2 35.85 1.56 62.1 2.47 62.8 2.46 1.53 2.39 2.39
3 37.44 1.54 63.1 245 63.8 2.44 1.52 2.34 2.26
4 38.83 1.54 63.2 2.46 63.9 2.45 1.52 2.35 2.57
5 40.45 1.51 65.0 2.45 65.7 2.44 1.52 2.29 225
6 41.52 1.55 63.1 2.50 63.9 2.49 1.52 2.35 2.27
1.55 62.3 2.46 63.0 2.45 1.52 2.36 2.36
0.07 5.1 0.08 +52 +0.08 0.01 0.12 0.21
Wet bulk d;nsity Parosity Sonic velocity Formation Grain degsitr
(g/em*) (%) (km/s) factor (g/em®)
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hole gradients in the uppermost 10 m (decreasing poros-
ity and increasing density, sonic velocity, and formation
factor) are probably related to the amount of calcium
carbonate, which decreased as a result of dissolution as
the aging, cooling crust passed through the CCD. This
pattern does not seem to correlate directly to sedimenta-
tion rate, however (Figs. 7, 9).

The downhole trends in density, sonic velocity, and
formation factor tend to mirror the trend in porosity.
This pattern holds true both overall—in that there are
gradients in the upper 10 m and relatively constant val-
ues deeper—and, to a lesser degree, in the finer-scale
variations. The finer-scale variations are also correlated
to changes in the percentage of carbonate in the sedi-
ments. Since water content is a function of carbonate
content, it is unclear whether the variation in physical
properties is due to variations in water content only or
to some combination of variations in water content and
the properties of the solid component.

The shipboard values of porosity and formation fac-
tor are fairly consistent with the simplest form of Ar-
chie’s law, F = ¢ . A least-squares analysis gave a val-
ue for the exponent, m, of 1.9,

Basalt Measurements and Results

Thermal conductivity, sonic velocity, and wet bulk
density were measured on 1 to 4 samples of homoge-
neous basalts from each section of both Holes 597B and
597C (all together, about 30 samples). The samples were
kept saturated with seawater at atmospheric pressure,
and the measurements were made at laboratory temper-
atures of 25 to 26°C. The thermal conductivity mea-
surements were made with a half-space adaptation (Car-
valho et al., 1980) of the needle-probe technique (Von
Herzen and Maxwell, 1959). The sonic velocity and wet
bulk density measurements were made by using stan-
dard DSDP techniques (Boyce, 1976). Afterward, eight
samples from Hole 597C were dried to provide gravi-
metric estimates of porosities and evaluated for grain
density.

The results are given in Table 5 and plotted in Figure
11. The mean values (1.83 W/m-K thermal conductiv-
ity, 5.86 km/s sonic velocity, and 2.92 g/cm?® wet bulk
density) are fairly typical of oceanic basalts. The down-
hole variation of the physical properties corroborates the
petrologic division into three major lithologic units. Spe-
cifically, the thermal conductivities increase by about
10% at the boundary between Units I and II (100.5 m
BSF or 48 m into basement), where the proportion of
magnetite in the basalts increases; and sonic velocities
increase by about 10% at the boundary between basalt
Units II and III (118.5 m BSF or 66 m into basement).

IGNEOUS PETROLOGY

Igneous Basement Recovery

Igneous basement was reached at all four holes, with
the recovery of small fragments from Holes 597 and
597A, a short section from Hole 597B, and 48.48 m (of
the 91 m of basement drilled) from Hole 597C.
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Table 5. Basalt physical properties, Site 597.

Core-Section, Wet bulk Grain Sonic Thermal
interval densil; Porosity dl:ﬂ!i?( velocity  conductivity
(em) Piece  (g/em?) (%) (g/em?)  (km/s) (W/m-K)
Hole 597B
2-1, 12-15 1A 2.83 5.40 1.68
2-2, 106-109 B 293 5.67 1.74
23 6 1.73
3-1, 11-14 1 2.89 5.54 1.83
3.2, 47-50 8 2.95 5.96 1.72
33 2 1.85
Hole 597C

3-1, 119-122 6 2.71 5.15 1.62
3-2, 119-122 4 3.00 2.3 3.05 5.89 1.68
3-3, 29-32 7} 2.84 5.49 1.712
4-1, 114-117 1G 2.88 6.9 .oz 5.46 1.77
4-2, 136-139 SE 2.97 5.75 1.75
4-3, B2-85 3A 2.%4 4.0 3.02 5.74 1.84
4-6, 45-48 4B 2.91 5.77 1.81
5-2, 57-60 7 2.9 5.81 1.74
6-1, 114-117 12A 29 5.89 1.73
6-4, 122-125 10 2.86 5.32 1.82
7-1, 50-53 2C 2.97 6.13 1.7
7-2, 471-50 1C 295 30 in2 6.11 1.79
7-2, 51-54 Ic 2.92 5.95

74 EB 1.76
7-5 7 1.84
8-1, 128-131 2B 2.96 5.5 3.07 5.50 1.96
8-1, 134-137 2B 2,92 5.55

8-2 Ic 1.87
83 9A 1.97
8-5, 35-38 IC 292 5.60 1.93
9-1, 99-102 4D 2.92 5.58 197
9-3, 49-52 IC 291 5.50 1.93
10-2, 130-133 11 .00 1.9 .03 6.41 2.01
10-2, 135-138 11 2.97 6.48

10-5, 66-69 1D 2.96 1.7 2.99 6.58 1.92
10-7, 71-74 1G 293 6.08 1.95
11-1, 104-107 2F 2.93 6.11 1.92
11-3, 31-34 IB 295 23 .00 6.30 1.87
11-3, 35-38 1B 2.94 6.40

Hole 597

Two meters of rock fragments were recovered in Core
597-8; the largest fragment is about 5 cm long. All the
fragments studied are vesicular fine-grained basalts that
exhibit spherulitic texture and oxidative weathering. They
are very similar to the rocks recovered from the upper-
most basement in Holes 597B and 597C.

Hole 597A

About 25 ¢m of rock fragments were recovered in
Sample 597A-7,CC. The rock is a basalt glass breccia. It
contains angular clasts, up to 2 cm across, of fresh ba-
saltic glass covered by 2-mm rinds of palagonite. The
matrix is pink to white in color and comprises fine-
grained phillipsite, calcite, and minor iron oxyhydrox-
ide, and it contains drusy cavities partially filled by well
crystallized calcite.

Hole 597B

At this hole, 24.6 m of igneous basement were pene-
trated and 5.4 m were recovered (in Cores 597B-2 and
-3), a recovery of 22%. The rock is a fine- to medium-
grained basalt, which probably makes up one or more
massive flows; no pillow textures were recognized. Two
fine-grained zones, possibly chilled contacts, can be seen
(one in Section 597B-3-1 and one in Section 597B-3-2),
although they are of minor lithologic significance. The
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Figure 11. Basalt physical properties, Hole 597C.
rocks are typically aphyric to sparsely plagioclase mi- Hole 597C

crophyric and contain a small proportion of plagioclase-
rich crystal aggregates (glomerocrysts). The mineralogy
is, in average order of abundance, plagioclase, clinopy-
roxene, magnetite, glass, and olivine. Textures vary from
spherulitic through intersertal to intergranular. Olivine
and glass are completely altered to palagonite, iddings-
ite, and various smectites. The rocks are all moderately
vesicular (5 to 15% by volume) and fractured. Oxidative
alteration has affected over two-thirds of the rocks re-
covered and is characterized by calcite, aragonite, phil-
lipsite, iron oxyhydroxides, and brown smectite in veins,
vesicles, and the basalt. The products of earlier altera-
tion events (e.g., green smectite, celadonite, and palago-
nite) can also be identified occasionally. The rocks there-
fore resemble those in basalt Unit I in Hole 597C (see
below).

Because of the depth to which igneous basement was
cored at this hole (91 m) and the high rate of recov-
ery (53.2%), more core was recovered from Hole 597C
(48.48 m) than has been recovered from any other hole
drilled in fast-spreading crust. Rock was recovered in
Cores 597C-3 through -12, with a maximum recovery of
94% (in Core 597C-8). The discussion below summa-
rizes the findings of the examination of hand specimens
of the core and the preliminary findings of microscopic
and X-ray diffraction (XRD) studies.

Lithologies

The predominant lithology is a fine- to medium-
grained gray basalt that has undergone incipient to mod-
erate alteration. The uppermost core (597C-3) is moder-
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ately vesicular (greater than 5% vesicles by volume), the
next three cores are slightly vesicular, and the remainder
are virtually nonvesicular. The first 5-cm piece of core
contains a curved glassy margin 3 mm thick (the only
fresh glass in the core) and may represent a pillow frag-
ment. However, the remainder of the core contains no
pillow lava characteristics and is assumed to represent
massive flows. In the upper part of the section, where
recovery was low (notably in Cores 597C-3 and -5), the
drilling may have penetrated, but failed to recover, pil-
lowed units; but in the lower part of the section (Cores
597C-7 to -12), recovery was high, and that in addition
to the general continuity of the petrology provides con-
vincing evidence that pillowed units were absent in the
lower part of the section.

There are no contacts that can be used to define cool-
ing units unequivocally. Most promising are fine-grained,
dark gray zones, normally 10 to 20 cm thick, which may
represent chilled margins. None of these show any evi-
dence of surficial submarine weathering and are there-
fore assumed to represent minor boundaries, such as
sheet flow margins in a composite massive flow. There
is, however, petrographic evidence for the presence of
three distinct lithologic units, which we have termed
Units I, II, and III. The boundary between Units I and
IT is defined as the change from olivine-bearing to oliv-
ine-free basalts; the contact is not visible in recovered
core and is inferred to lie between Sections 597C-7-5 and
-8-1. The boundary between Units II and III is defined
as the point of reappearance of olivine and is marked by
a fine-grained zone in Section 597C-10-2.

Primary Mineralogy

All the rocks exhibit basaltic mineralogy, containing,
in average order of abundance, plagioclase, clinopyrox-
ene, magnetite (probably titanomagnetite), olivine, glass,
and minor phases such as primary sulfides and spinel.
The texture varies from holohyaline (in the uppermost
piece only) through spherulitic, intersertal, and intergran-
ular to poikilophitic.

Unit I (52.5 to 100.5 m BSF)

This unit exhibits mainly subspherulitic and interser-
tal textures in its upper part and subophitic textures to-
ward its base. The rocks classify as aphyric, rarely pla-
gioclase microphyric, if they are described on the basis
of the content of isolated crystals of relatively large grain
size. It is common, however, to find glomerocrysts of
plagioclase or plagioclase and olivine, which can occu-
py up to 5% of the total volume of the rock. Grain sizes
within the unit typically range from less than 0.1 to 2 mm
for plagioclase, olivine, and clinopyroxene and less than
0.15 mm for magnetite. The typical mineral composi-
tion is 40 to 60% of plagioclase, 30 to 50% of clinopy-
roxene, 2 to 5% of magnetite and titanomagnetite, 0 to
10% of glass (or cryptocrystalline groundmass), and 0
to 5% of olivine.

Unit IT (100.5 to 121.3 m BSF)

This unit is dominated by intergranular and poiki-
lophitic textures. Where the latter texture is best devel-

oped (in Core 597C-8), pale brown augite crystals up to
1 cm or more in size enclose numerous plagioclase laths
and subhedral crystals of titanomagnetite. The latter can
reach 1 mm in size and can be seen in reflected light to
contain exsolution lamellae of ilmenite and to carry in-
clusions of primary sulfide. Olivine is absent in this unit.

Unit I (121.3 to 143.5 m BSF)

Unit III is also dominated by intergranular and poiki-
lophitic textures. It differs from Unit II, however, in the
ubiquitous presence of olivine and in the much lower
abundance of inclusions within the titanomagnetite. The
olivine is typically euhedral and ranges in grain size from
0.1 to 2 mm.

Each of the three units described above contains a
number of fine-grained zones: 11 in Unit I, two in Unit
II, and four in Unit III. However, because these fine-
grained zones cannot be unequivocally described as
chilled margins, lithologic subunits have not been de-
fined.

Secondary Mineralogy

A preliminary investigation of the sequence of altera-
tion in the basalts and the frequency of vesicle and vein
filling suggests that water-rock reactions may have tak-
en place in three stages.

The first stage is characterized by the formation of a
pale blue trioctahedral smectite (saponite; XRD identi-
fication), which is deposited in vesicles and which re-
places the cryptocrystalline or glassy groundmass and
olivine crystals in rocks that are otherwise unaffected by
alteration. It is encountered very rarely in veins.

The second stage is characterized by the presence of
dark green (sometimes blue green or black) smectite
(XRD identification). Accompanying minerals (prelimi-
nary XRD identifications) may include paler green cela-
donite, talc, and chlorite (in deeper levels only). Mica
and a black manganese oxide may also be present. Sul-
fide minerals (pyrite and chalcopyrite) and native cop-
per have also been identified in many parts of the core
in association with this alteration assemblage. This al-
teration type is most commonly found in veins and in
vein alteration halos. In the veins themselves, a complex
mineralogy may be present. In the alteration halos, it is
most common to find glass and olivine totally replaced
by a dark green smectite, although it is not certain
whether it is primary glass and olivine or the secondary
saponite that has actually been replaced by the smectite.
Dark green smectite may also replace saponite in vesi-
cles or fill vesicles. Such vesicles sometimes contain sul-
fides, and secondary sulfides (and occasionally native
copper) have even been found in the groundmass of very
altered rocks.

The third stage is characterized by the assemblage cal-
cite, aragonite, zeolite, iron oxyhydroxide, and brown
smectite (preliminary XRD identification). The zeolite is
phillipsite in the upper part of the core and phillipsite
with possible chabazite (preliminary XRD identification)
at lower levels. This alteration type is quite pervasive in
some intervals of the uppermost part of the section, but
at deeper levels it commonly occurs only as alteration



halos around veins. Where present it sometimes replaces
the products of earlier stages of alteration in the rock
and in vesicles. In larger veins, zeolites and calcite can
occupy central, drusy cavities.

By analogy with more detailed work on the products
of alteration in the oceanic crust (e.g., Bass, 1976b) it is
possible that the first stage of alteration represents deu-
teric alteration, that the second stage represents nonoxi-
dative diagenesis, and that the third stage represents oxi-
dative diagenesis. It will be noted that there are some
differences between the sequence described above and
that described by Bass (1976b) for the basalts of Leg 34.
The differences may be real or may simply reflect the
cursory nature of our shipboard observations.

In general, the intensity of alteration decreases with
depth, probably partly as a result of a decrease in vesi-
cularity and fracture spacing. The intensity of first stage
(deuteric) and third stage (oxidative) alteration is signifi-
cantly greater in the upper part of the section. However,
the products of the second stage of alteration can best
be seen in the lower part of the section, where, although
less abundant originally, they are less often replaced by
the products of oxidative alteration.

Veins and Vesicles

Both veins and vesicles become less abundant with
increasing depth. Vein spacing decreases from about 5 cm
in the uppermost part of the section to about 15 cm in
the lowermost part. Veins normally vary from very thin
to about 1 mm in thickness, although there are two prom-
inent irregular veins (in Section 597C-4-7) that reach a
thickness of 1 cm. A preliminary study suggests that the
veins have two main orientations: about 30° to the verti-
cal and close to horizontal. As mentioned earlier, the
proportion of vesicles decreases rapidly with depth, and
the lower half of the core is almost nonvesicular. The
vesicles are usually subspherical and have diameters rang-
ing from 0.5 to 1 mm. The mineral filling of both veins
and vesicles reflects the sequence of alteration. The vesi-
cle zonations are complex where several pulses of fluid
have been involved. Where oxidative alteration has tak-
en place, calcite commonly occupies the centers of vesi-
cles and veins.

Summary

The basalts recovered from Hole 597C can be tenta-
tively divided into three major lithologic units. Each unit
is made up almost entirely of massive flows, some thick
enough to have cooled slowly and to have produced poi-
kilophitic texture. The basalts appear to be typical ocean-
ridge tholeiites; they are olivine-bearing in Units I and
III and olivine-free in Unit II. The rocks have under-
gone at least three stages of alteration, the last of which
is oxidative alteration. The sequence of vesicle and vein
filling corresponds to this alteration history. The results
are broadly consistent with observations made during
DSDP Legs 34 and 54, which also acquired samples
from fast-spreading oceanic crust, although the ratio of
massive flows to pillows at Site 597 appears to be the
greatest so far encountered.

SITE 597
INTERSTITIAL WATER STUDIES

At this site, nine interstitial water samples were ob-
tained on board ship by squeezing pore water from cores
from Hole 597, two such samples were obtained from
Hole 597A, and one was obtained from Hole 597C. In
addition, one successful in situ sample was taken in Hole
597A at 14.5 m BSF. Unfortunately, an attempt to ac-
quire another in situ sample from this hole (at 47 m
BSF) obtained pipe water (a mixture of surface water,
mud, and pore water).

All the laboratory samples were obtained from the
cores by squeezing 10-cm core sections at room temper-
ature (about 25°C), with the exception of Sample 597C-
1-4, 140-150 cm, which was squeezed at 12.9°C. A ship-
board comparison of the data from these two tempera-
tures and the data from the in situ sample allowed us to
work out an optimum program for the sites to be drilled
subsequently.

Methods

We analyzed the constituents of the water by various
means and methods, which are stated below along with
the precision of measurement:

Salinity: Goldberg refractometer, +0.3%.

Chloride: Potentiometric and Mohr titrations, +0.5%.

Calcium: EGTA titration, +1%.

Magnesium: EDTA titration, corrected for Ca, +1%.

Potassium, lithium and sulfate: Wescan ion analyzer:
K, +0.5 mM; Li, not precise at seawater concentrations;
S04, + 1 mM (occasionally erratic). The Wescan process
is very laborious; 13 pore water samples and interspersed
standards take well over 10 hr. of analysis time.

Alkalinity: Potentiometric Gran titration, +2%.

Nitrate: Cu-Cd reduction to nitrite, colorimetric diazo
compound method, +5%. The nitrate values were er-
ratic, especially those from the large volume squeezers.
The Scripps all-plastic squeezer, however, yielded results
in close agreement with the in situ sample and the re-
sults of Bender et al. (1985) from the site survey cruise.
Experimentation with large filter papers established that
these papers may contain as much as 1 pM of nitrate,
which is probably left after Whatman’s filter cleaning
process (HNO;?). Washing the filters proved effective in
removing this contaminant, and all further work was car-
ried out with washed filters. We decided to accept the
plastic squeezer data uncorrected on the basis of the good
agreement with the in situ sample.

Ammonia: Colorimetry-Solorzano method, +10%
or lower at concentrations less than 4 uM.

Silica: Molybdenum blue, colorimetry, +2%. Silica
content was determined in samples contained in glass vi-
als that were used for further sample storage. This af-
fected the silica data, but by using a kinetic dissolution
curve obtained both on board ship and in the shore lab-
oratory, we were able to correct these data to + 10 uM.

Results

The data gathered from this site indicate that the site
is essentially dead with respect to sediment-pore water
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interaction, with the possible exception of carbonate dis-
solution. Sedimentation during the last 10 to 15 m.y.
has been very slow, and any organic diagenetic signals
like those at younger sites in the Pacific have died away,
either because current diagenesis is insignificant or be-
cause diffusive processes, which tend to annihilate any
signals caused by diagenetic reactions, dominate. Be-
cause of the conservative nature of some of the major
constituents, particularly K and Mg, this site does pro-
vide an excellent opportunity to study sampling artifacts
(the effects of sampling interstitial waters at other than
in sifu temperature and pressure). A large amount of
work has been done on the so-called temperature-of-
squeezing artifact; see for instance Gieskes (1973) and
Sayles et al. (1973). Table 6 (after Sayles et al., 1973,
and Gieskes, 1973) summarizes the effects of the tem-
perature of squeezing (4° and 23°C) established during
Leg 15.

The sediments obtained from Site 597 are clayey nan-
nofossil oozes. An interesting problem occurs with cal-
cium. Although the temperature-of-squeezing effect is
negative (Table 6), the dissolved calcium in both the in
situ sample and the squeezed water samples from Site
597 measured at room temperature and pressure is greater
than that of the sample measured at 12.9°C. This in-
crease occurs because the pressure effect more or less
cancels the temperature effect; that is, the calcium de-
pletion caused by squeezing at about room temperature
is more than made up for by an increase caused by the
difference between the pressure on the system during
squeezing (about 1 atmosphere) and the in sifu pressure.
The two effects largely cancel because both ion exchange
and solubility effects are present. The same applies to
alkalinities.

Table 6. Effects of sampling temperature (4° to 23°C) on
constituents of squeezed interstitial water.

Clays and Calcareous Siliceous
marls sediment sediment
Change in K
meq +1.6(x2) +1.2 +0.6
%o +20(+2) +16 +12
Change in Ca
meq —0.8 —-1.3 —1.1
o -5(+2) =31 -1
Change in Mg
meq -5.5 -2.5 -0.7
T -7 -3 -1.4

Change in Si (uM) +50(£20) +60(x200 +100(x20)

Change in alkalinity - +0.2 +0.2
(meq dm — 3)

Note: + denotes enrichment, and — depletion, with increasing tem-
perature, Values for K, Ca, and Mg are based on Sayles et al.
(1973); values for Si and alkalinity are from Gieskes, 1973. Dash
indicates no data.
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Below we briefly comment on the interstitial water
data, which are presented in Table 7 and Figure 12.

Calcium: The effects discussed above show up quite
clearly. The samples at 50 m BSF indicate a reduction in
Ca due to temperature (12.9 versus 25°C). When cor-
rected for this effect, the in situ sample shows reason-
able agreement with the 25°C squeezed data. We con-
clude that the slight downcore increases in dissolved cal-
cium in the upper 10 m are real and probably reflect the
dissolution of calcium carbonate. This in turn suggests
the migration of Ca and possibly the continuing dissolu-
tion of carbonates in the upper 10 m of this site.

Magnesium: The observed downhole decreases in Mg
are due almost entirely to temperature-of-squeezing arti-
facts. If the difference between the in situ value at 47 m
and the bottom water value is real, a very small gradient
(2 mM/50 m) might exist, but this is pure speculation.

Potassium: The temperature-of-squeezing effect is par-
ticularly pronounced in potassium at this site. Enrich-
ment due to this effect is greatest in the more clayey sec-
tions of the upper few meters and in the basal sediments.
The in situ value is slightly less than the bottom-water
value, but the difference is not significant.

Silica: Silica values from the squeezed samples, as
expected, are higher than the in situ value. Bender et
al. (1985) report concentrations of about 180 uM at
~1.5 m; our in situ sample suggests a value of about
208 uM at 15 m. The main value of all this information
is that it confirms the constant contribution to dissolved
silica of the noncarbonate fraction. A small increase in
silica in the lowermost part of Hole 597 may represent a
slight increase in clay content.

Nitrate: In spite of the previously mentioned mea-
surement difficulties, we believe that Figure 12, which is
based on uncontaminated data only, presents a realistic
profile. The bottom water value is from Bender et al.
(1985). This profile would be a reasonable continuation
of the Bender et al. (1985) profiles and would suggest
that nitrification occurs in approximately the upper 15 m,
roughly the same zone in which the dissolution of car-
bonate is apparent.

Alkalinity: Not much change occurs downhole, as
expected.

Ammonia: Low, but nonzero concentrations of <6
uM occur throughout.

Sulfate: A small decrease appears to occur with in-
creasing depth. However, we are not sure whether the
decrease (of about 2.3 mM) is significant.

Chloride and salinity: As expected, no significant
downhole variations in these constituents were observed.

Conclusions

1. With the exception of calcium and nitrate, the ma-
jor constituents of interstitial water at this site show es-
sentially conservative distributions. The production of
calcium in the upper 10 m is presumably associated with
carbonate dissolution, and the production of nitrate (max-
imum about 45 pM) is the result of nitrification occur-
ring in the upper 10 to 15 m of the sediment column.
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Table 7. Interstitial water chemistry, Site 597.

Sub-
Sample bottom
(interval depth Alkalinity Ca Mg K cl S04 NO% NHy4 Si0g S
in ¢cm) (m) pH  (meq dm~3) (mM) (mM) (mM) (mM) (mM) (M) (M) (uM) (%)
Hole 597
1-2, 140-150 3.0 7.57 2.68 10.89 49.6/49.8 11.2 554 27.0 59 4+ 276 35.2
2-2, 140-150 7.6 7.77 2.69 11.09 49.7 10.6 552 274 70 551 278 35.2
2-4, 140-150 10.6 11.09 49.5 109 547 27.4 46 2+1.5 298 35.2
3-2, 140-150 17.2 7.70 2.77 10.97 50.5 11.2 555 27.8 68 5521 300 35.2
3-4, 140-150 20.2 7.64 2.62 10.92 50.6 1.7 557 27.8 63 6+ 1 07 352
4-2, 140-150 26.8 7.13 2.64 11.15 50.0 11.6 560 28.4 70 1+ 1.5 302 355
4-4, 140-150 29.8 11.09 50.0 11.8 558 28.0/27.4 66 3+ 15 302 355
6-2, 140-150 46.0 7.83 2.98 10.93 47.5 13,1/12.9 563 26.2 85 5+1 297 349
6-4, 140-150 49.0 1.75 2.719 11.29/11.17 47.0 12.9 559 26.2 72 45+ 1 339 346
Hole 597A
1-1, 140-150 1.5 7.71 2.69 10.79 48.9 12.4 554 26.2 55 3+ 15 2714 349
1-2, 140-150 3.0 10.75 49.6 11.2 565 26.2 53 65 +1 267 35.5
In situ 1 14.5 11.31 53.3 10.0 566 27.0 46 551 208 355
In situ 2 43.0 10.79 55.3 604 28.0 18 4 £ 1 0 36.6
Hole 597C
1-4, 140-150 49.5 7.55 232 10.65 51.0 11.7 558 45.65 35.0

Note: All Li concentrations were <27 uM (i.e., surface water). Values with slash indicate replicate determinations on same sample.

a : 4 < 5
Data above 45 uM are suspected of resulting from pollution during squeezing.
Data are suspect; in situ water sampler triggered in hole as a result of delay in triggering; hence, water sampled is a mixture of surface water and formation
water.

2. Temperature-of-squeezing artifacts are particular-
ly evident in the data for Mg, K, and silica.

PALEOMAGNETISM

Eleven samples from Hole 597B and 58 samples from
Hole 597C were measured for paleomagnetism. One or
two oriented samples (2.54 cm in diameter) were taken
from every section of each core. Natural remanent mag-
netization (NRM) was measured by using the onboard
Digico spinner magnetometer. The noise level of the mag-
netometer was less than 1 x 107 emu/cm?. All mea-
surements were made by using 128 rotations to increase
the signal-to-noise ratio. At first, the values read from
the magnetometer fluctuated because the rock holder
did not fit the shaft. This problem was not severe, but
it took a long time to ascertain the reason for it. Alter-
nating field demagnetization was not carried out. Low
field susceptibility (x) was measured with a susceptibil-
ity meter. Koenigsberger ratio (Q), the ratio of the inten-
sity of NRM to that induced by the Earth’s field at the
sampling site (0.36 Oe), was also calculated.

Koenigsberger ratio is used as a measure of stability.
In general, a rock with Q of =1.0 is suitable for paleo-
magnetic study. Koenigsberger ratios and measurements
of NRM intensity, susceptibility, inclination, and decli-
nation are presented in Table 8. The values of declina-
tion are shown for reference, although they are not very
meaningful because the cores are not oriented.

Figure 13 shows the results for Hole 597B. NRM in-
tensities and inclinations, susceptibilities, and Q ratios
for Hole 597C are shown in Figure 14.

The average NRM intensity and susceptibility in Hole
597Bare 1.6 + 1.0 X 103 emu/cm?®and 1.5 + 1.2 x
10~ 3 emu/cm? Oe, respectively.

The average NRM intensity in Hole 597C is 3.4 +
2.0 X 103 emu/cm3. There is a sudden increase in in-
tensity in Section 597C-4-1; thereafter intensity decreases
slowly to the bottom of the hole, except for prominent
peaks in Sections 597C-7-2 and -7-4. The Q ratios also
tend to decrease downhole.

Inclinations were calculated with respect to the hori-
zontal plane, positive down. It was assumed that each
core was drilled vertically. A positive inclination indi-
cates reversed polarity at this latitude (18°48'S). All sam-
ples except two (Samples 597C-7-4, 137-140 cm and -7-5,
70-73 cm) showed reversed polarity. These two normal
values are not measurement artifacts, because the values
of susceptibility and Q ratio in the same samples are not
abnormal. Some relationship may exist between the two
normal values and the peaks in NRM intensity that lie
slightly upsection.

The mean inclinations for Holes 597B and 597C are 60
+ 9° and 57 + 12°, respectively. These values are much
greater than the 34° value calculated for this site (a dipole
field is assumed). High inclination angles were also re-
ported for Sites 319 and 320 (Ade-Hall and Johnson,
1976). The mechanisms proposed to explain this discrep-
ancy (Ade-Hall and Johnson, 1976) include secular var-
iation, geomagnetic excursions, tectonic rotation, or a
change in NRM, none of which is particularly satisfying.

HEAT FLOW

In Holes 597 and 597A, attempts were made to mea-
sure heat flow both with the Barnes/Uyeda/Kinoshita
pore water/heat flow sampler and with the Von Herzen
VLHPC heat flow tool. Two attempts were made to mea-
sure temperature in Hole 597, both with the VLHPC
tool, but both were unsuccessful for mechanical rea-
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Figure 12. Interstitial water chemistry, Site 597.

sons. Six attempts were made to measure temperature in
Hole 597A using the VLHPC and the pore water/heat
flow sampler. Two temperatures were measured success-
fully with the VLHPC tool. The temperature gradient is
115 m/km, and the heat flow is 89 mW/m2,

The cutting shoe of the VLHPC is designed to hole
the heat flow tool and its battery pack (Fig. 15). The
shoe is made of high strength maraging iron 250, so the
thermistor can be within 5 mm of the outer surface of
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the shoe and still be protected against pressure. The heat
flow instrument fits into a cavity in the shoe wall (Fig.
15). The battery pack fits onto a similar, adjacent cavity,
with a connecting cable running through a slot between
them. One disadvantage of the design is that the toler-
ances around the heat flow instrument and the battery
pack are very small. The connecting cable comes out of
the side of the battery pack and can be fitted into the
slot with relatively few problems. The connection to the



Table 8. Paleomagnetic results, Holes 597B and 597C.

NRM NRM NRM
Core-Section imensitg X inclination declination
(interval in cm) Piece (G x 10°) (G/0e x 103} Q (°) Polarity® ()
Hole 597B
2-1, 17-20 1A 1.34 1.03 3.64 66.5 R 121.8
2-1, 83-85 5B 0.82 0.76 3.02 65.2 R 322.9
2-2, 45-48 2 0.26 1.25 0.57 56.7 R 276.0
2-2, 110-113 7B 1.99 0.51 10.93 65.4 R 321.9
2-2, 131-134 9 0.88 1.86 1:32 47.5 R 129.9
2-3, 29-32 3A 0.94 0.55 4.68 63.3 R 85.1
2-3, 114-117 12 2.20 0.55 11.16 734 R 9.7
31, 3-6 1 2.29 3.28 1.94 62.9 R 58.7
3-1, 132-135 8 1.33 0.39 9.56 41.5 R 61.1
3-2, 23-26 1B 1.50 2.05 2.03 53.0 R 305.8
3-2, 40-43 2 4.02 3.80 2.94 61.7 R 31L.5
Hole 597C
3-1, 21-24 2 1.55 0.62 6.90 53.8 R 172.4
3-1, 131-134 7 1.75 2.43 2.00 68.9 R 137.1
3-2, 40-43 2B 4.14 4.56 2.52 55.2 R 326.8
3-2, 143-146 5B 0.53 0.39 3.76 313 R 18.8
3-3, 5-8 1 0.89 0.43 572 72.2 R 126.5
3-3, 52-55 3 0.69 0.41 4.71 56.9 R 2853
4-1, 60-63 1D 3.75 0.77 13.44 51.3 R 342.7
4-1, 120-123 1G 6.70 3.25 573 58.9 R 342.3
4-2, 21-24 2A 7.12 4,75 417 59.7 R 16.9
4-2, 111-114 5B 3.7 2,71 3.87 84.4 R 281.3
4-3, 27-30 1B 5.99 4.11 4.05 81.4 R 75.3
4-3, 91-94 3B 527 4.59 3.19 73.2 R 39.4
4-4, 23-26 1B 5.15 4.65 3.08 67.6 R 3328
4-4, 76-79 2C 3.18 1.60 5.51 54.6 R 331.7
4-5, 26-29 3 4.72 3.80 3.45 58.1 R 16.1
4-5, 71-74 SA 310 5.70 1.51 56.7 R 6.8
4-6, 21-24 2 4.05 5.19 2.16 82.7 R 12.3
4-6, 73-76 5 1.14 0.39 8.02 46.2 R 0.0
5-1, 129-132 18 0.97 0.38 7.00 51.0 R 311.4
5-2, 63-66 7 3.93 0.52 20.87 49.9 R 24.7
6-1, 109-112 12A 4.25 0.89 13.21 50.5 R 343.2
6-2, 49-52 4 1.47 2.07 1.97 47.7 R 29.6
6-3, 62-65 3 3.51 3.32 293 71.2 R 45.9
6-4, 74-77 1L 3.38 2.43 3.87 71.3 R 273.5
6-5, 58-61 4E 2.66 0.74 10.01 37.8 R 3.6
7-1, 115-118 iD 5.86 3.40 4.79 75.9 R 130.2
7-2, 16-18 1B 7.22 3.55 5.66 51.8 R 355.5
7-2, 117-120 4B 1151 2.86 11.23 60.3 R 206.6
7-4, 18-21 2A 6.04 1.54 10.91 67.6 R 56.6
7-4, 87-90 8B 14.51 3.80 10.62 56.8 R 280.7
7-4, 111-114 10A 6.42 3.31 5.38 70.4 R 210.6
7-4, 137-140 11 3.56 4.52 2.19 —56.9 N 348.8
7-5, 70-73 7 2.70 4,61 1.63 —85.3 N 71.4
8-1, 9-11 1A 1.56 4,01 1.08 60.1 R 328.9
8-1, 94-97 2A 3.61 332 3.02 56.9 R 80.7
8-2, 50-53 1B 4.31 3.18 3.7 51.2 R 57.6
8-3, 5-8 1 3.63 3.04 3.32 44.0 R 236.9
8-3, 130-133 9B 1.94 3.81 1.41 54.2 R 128.2
8-4, 102-105 6B 3.36 4.30 2.17 47.8 R 50.0
8-5, 60-63 1E 3.80 4.46 2.37 36.8 R 341.2
8-6, 56-59 1E 2.09 4.61 1.26 43.3 R 25.4
8-7,9-12 1A 2.69 4.15 1.80 40.9 R 350.3
9-1, 9-12 1 4.04 592 1.90 51.5 R 7.0
9-1, 142-145 6C 3.06 4.12 2.06 51.6 R 336.8
9-2, 70-73 4B 3.87 5.01 2.15 65.2 R 228.6
9-3, 88-91 1F 2.23 4.81 1.29 82.9 R 160.9
9-4, 103-106 4E 6.19 5.18 3.32 45.5 R 4.5
10-1, 112-115 9B 3.23 4.36 2.06 50.1 R 294.5
10-2, 104-107 IM 3.14 5.24 1.67 54.0 R 8.8
10-3, 94-97 1G 2.26 4.05 1.55 54.4 R 353.7
10-4, 91-94 2A 1.36 2.93 1.29 53.5 R 26.0
10-5, 84-87 1IE 1.68 2.84 1.64 49.7 R 355.6
10-6, 36-39 1c 1.94 3.80 1.42 61.0 R 327.2
10-7, 42-45 ic 1.74 3.16 1.53 65.4 R 344.6
11-1, 79-82 2D 1.05 312 0.94 54.9 R 36.0
11-2, 103-106 2 1.85 2.04 252 60.5 R 2289
11-3, 13-15 1A 1.50 1.93 2.16 44.8 R 38.0
11-4, 62-64 4 1.47 1.84 2.21 53.7 R 105.2
AR = reversed, N = normal.
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Figure 13. Magnetic properties of basalt samples from Hole 597B.

heat flow instrument, however, is made through a plug
on the end of the instrument, and there is very little
room for the plug and cable between the end of the in-
strument and the bottom of the core-barrel connecting
sub, which screws in on top of the cutting shoe.

Both of the failures that occurred at Hole 597 are re-
lated to this battery-instrument connection. One failure
occurred when the connecting sub caused the battery
plug to become bent over and forced partially out of the
socket. The other occurred when the connecting sub
pinched the cable and shorted it out. There may also
have been a short circuit on the heat flow tool caused by
the abrasion of the insulating potting compound on a
lower part of the tool.

We repaired the heat flow tools by insulating the
abraded portion and straightening the bent pins in the
plug. We spent a considerable amount of time carefully
sanding the heat flow instruments and their battery packs
in order to ensure an easy fit into the slots in the cutting
shoe.

We attempted to measure heat flow at Hole 597A six
times to make sure we had a good heat flow measure-
ment at the site. Four attempts were made with the Von

Herzen VLHPC probe, and two good measurements were.

obtained. Two attempts were made with the Barnes/
Uyeda/Kinoshita sampling tool, with no usable results.

The Von Herzen tool worked at depths of 14.2 and
33.4 m. The other two measurement attempts failed. One
failure resulted from the improper handling of the tool
in the lab and on deck. The instrument is designed so
that if a delay in the start of the data acquisition is pro-
grammed, the tool will not start the program if it is kept
on its side for 1 min. after the delay program is acti-
vated. The tool then has to be vertical for 5 min. before
the regular program (including the programmed delay)
is activated. We did not handle the tool within the proper
time limits, and it went through the data acquisition cy-
cle on deck instead of in the hole. We do not understand
the second failure. The instrument appeared to operate
correctly, but it failed to output data properly. Only 30
values were transmitted before the tool stopped func-
tioning, and all the subsequent attempts to recover data
were unsuccessful. Both of these failures occurred with
temperature tool number 5, which had checked out cor-
rectly during bench tests and programmed tests.
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The two attempts to acquire heat flow data with the
Barnes/Uyeda/Kinoshita sampler in Hole 597A were un-
successful. On the first attempt, a switch in the sampler
broke, so no temperature data were obtained. On the
second attempt, the timer was set for too short a delay,
and we sampled water and temperature in the pipe, not
in the sediment.

The two temperature measurements successfully ob-
tained with the Von Herzen VLHPC probe were cor-
rected to in situ temperatures by following the proce-
dures of Horai and Von Herzen (1985). The results are
shown in Figure 16. The two sediment temperatures and
the known bottom water temperature of 1.55°C give a
consistent gradient of 0.115°C/m. The sediment ther-
mal conductivity of samples from Hole 597A was mea-
sured with a needle-probe apparatus, but the output from
this apparatus was could not be reduced at sea, so the
thermal conductivity for the surficial sediments at this
site, 0.77 W/m-K, was used to calculate heat flow. The
resulting heat flow is 8 mW/m?2. This value is plotted
in Figure 17 along with the heat flow results from the
site survey.

The value we obtained is in good agreement with the
data from the site survey. If the change in thermal con-
ductivity with increasing depth is assumed to be con-
stant, the measurement at Hole 597A extrapolates to a
sediment-basement temperature of 7.3°C. This value
compares with the extrapolations from the site survey
data of 4.7°C in the northeast to 9.2°C in the south-
west.

The mean of all the heat flow values at this site is
71.3 mW/m?, with a standard deviation of 21.1 mW/m?2.
The theoretical value for 25-Ma crust is 55 mW/m?2. The
small number of measurements precludes a decision as
to whether the crust is sealed from fluid exchange with
the ocean, although variability of over a factor of 2
across the site does suggest that circulation is continuing
within basement.

DOWNHOLE LOGGING

The downhole logging program at Site 597 had high
priority on Leg 92. Site 597, a re-entry hole with high
basalt recovery in crust formed at a fast-spreading ridge,
will provide a valuable comparison with other deep re-
entry holes that have been logged, such as Hole 504B,
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Figure 14. Magnetic properties of basalt samples from Hole 597C.
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Figure 15. Cutting shoe of the VLHPC for downhole temperature
measurement. The shoe is made of maraging iron 250. The slot is
for the temperature recorder, with a small hole at the bottom for
the thermistor. A similar slot exists for the battery pack.
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Figure 16. Temperature versus depth at Hole 597A.

on the moderately fast-spreading Costa Rica Rift, and
Hole 395A, on the slowly spreading Mid-Atlantic Ridge.

Geophysical logging of DSDP boreholes has previous-
ly been performed by contract logging companies using
standard oil field techniques. These techniques were de-
veloped primarily for use in holes drilled through sedi-
mentary rocks, and therefore they are not necessarily
optimum for characterizing the properties of rocks in
the upper oceanic crust. Nevertheless, the low core re-
covery in DSDP boreholes (generally no greater than
50%) has encouraged the continued use of these stan-
dard logs, which permit intervals of low or no recovery
to be characterized in addition to the intrinsic properties
of the recovered basalts and the gross properties of the
in situ material.

Recently, a number of experimental logging and down-
hole measurement and analytical techniques have been
used in deep-sea drill holes. Downhole logging was car-
ried out in two holes at Site 597, Holes 597B and 597C.
The 12-channel sonic log was tested in Hole 597B, the
pilot hole. A full range of logging tools was used at
Hole 597C, including multiple caliper logs, two bore-
hole televiewer (BHTV) logs, and the 12-channel sonic
log. The caliper logs and the BHTV logs obtained excel-
lent data. The 12-channel sonic log failed to operate
correctly as a result of damage to the internal wiring in
the hydrophone section.
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Caliper Log

Tool Design and Logging Operation

The caliper logs were run with a three-arm caliper
tool built by Comprobe, Inc., of Crowley, Texas (model
2110-3A). This tool is lowered to the bottom of the hole
and is then commanded to extend its three caliper arms.
These arms are arranged around the tool at 120° inter-
vals and are inclined downward, so that as the tool moves
up the hole during the logging run the arms do not catch
on projections or irregularities and get stuck. The use of
arms in the design permits this tool to detect smaller ir-
regularities in the wall of the borehole than the Schlum-
berger caliper tool, which uses bowsprings. The range
of the arms permits the tool to measure hole diameters
from less than 4 in. (10 cm) to greater than 20 in. (51
cm). The change in the resistance of the potentiometer
varies the amount of current that passes through the ca-
ble, and it is this current variation that is recorded at the
surface. The tool must be calibrated while it is attached
to the logging cable, since the resistance of the cable af-
fects the current flow and is indistinguishable from the
potentiometer signal from the caliper tool.

Four caliper log runs were made in Hole 597C. The
multiple runs were made to determine the best speed for
the caliper log and to obtain more data about the hole’s
shape (since the tool is not oriented and the arms con-
tact only a small portion of the hole walls). The first
two logs were run at 4800 ft./hr. (0.41 m/s), and the sec-
ond two were run at 2400 ft./hr. (0.20 m/s). The chart
recorder speed was decreased from 10 in./min. (0.42 cm/s)
to 5 in./min. (0.20 cm/s) correspondingly to make the
records comparable.

The pipe was lowered to determine the depth to which
the hole was clear, and a slug of drilling mud was pumped
through and clear of the hole. Hole depth was 4290 m
below rig floor (130 m BSF), indicating that some 13.5 m
of debris had accumulated in the bottom of the hole (it
had been drilled to 4303.5 m [143.5 m BSF]). The pipe
was raised to 4223 m (63 m BSF) for the first two caliper
runs. Depth was monitored by connecting a pair of
switches on the wireline meter counter to a computer.
This circuit was calibrated so that one revolution of the
counter shaft corresponded to 0.5 m of wire movement.
We entered the bottom hole depth determined from pipe
length into the computer and counted uphole from that
value as we ran the log. The logs indicated that the tool
entered the mouth of the drill pipe at exactly the correct
counter reading, so our depth control was accurate to
0.5 m.

The first two caliper runs were successful, but there
was an unexplained offset in the data at 4232 m (72 m
BSF) on the second run (Fig. 18) that indicated a sharp
reduction in hole diameter. The offset was not apparent
on the other runs, and the apparent constriction could
have been caused by the arms getting stuck or being
struck by a piece of debris from the wall.

We pulled the pipe up to 4208.5 m below rig floor
(48.5 m BSF) in order to log as complete a section of the
hole as possible, including the sediment-basement con-
tact. The next two logs were run at a speed of 2400 ft./
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Glomar Challenger.

hr. (0.20 m/s) to determine whether slower speeds would
permit greater resolution and to avoid anomalies like that
at 4232 m (72 m BSF) in run 2. The two slow speed logs
were successful and had no problems.

The Comprobe caliper log appears to be a reasonably
reliable and very useful tool. It could be improved by us-
ing a four-wire resistance connection and by feeding the
output directly through an analog-to-digital converter to
a computer. The computer could also be used to acquire
depths simultaneously. The data would then be available
in digital form for use at sea and on shore without the

inconvenience and delay of digitizing the chart records.
The log could also be played back onto a chart recorder
at whatever scale was desired by using a digital-to-ana-
log converter. This arrangement could be set up fairly
easily and cheaply, since the HP-1000 computer on board
ship is set up to convert seismic signals. Logging would
simply add another analog-to-digital channel.

Caliper Log Results

The results of the four logging runs are summarized
in Figure 18. This figure was made by tracing the chart
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Figure 18. Tracings of the four caliper runs in Hole 597C. Runs 1 and 2 were done at 4800 ft./hr. on the
logging winch and 10 in./min. on the chart recorder. Runs 3 and 4 were done 2400 ft./hr. and 5 in./
min., respectively. Depths below rig floor for each run are noted to the right of its record. Ticks are at 1-m
intervals. Hole diameter scales run from 4 to 14 in. and are corrected for logging cable resistance. The
core boundaries shown are drawn with respect to the depth scale for run 4. Core recovery is shown in

black.
records and annotating them with the depths from the iper run 4. The depth scales for the four runs differ
electronic depth circuit. A hole diameter scale corrected slightly as a result of variations in winch speed.
for cable resistance effects had been added. The cored The results of the caliper logs show three important
intervals and a bar graph representing the recovery from features. The first is that most of the hole is quite uni-
each core has been drawn next to the depth scale for cal- form in diameter (about 10.7 in. or 27 cm). The second

54



is that there are three areas of larger hole diameter in the
upper part of the hole that can be correlated between
logs. The three areas of larger diameter each show two
maxima in hole diameter, separated by about 2 m. The
third feature is that near the bottom of the logged inter-
val (about 4279 m, 119 m BSF), there is a constriction in
hole diameter.

The uppermost zone of large hole size is between 4211
(51 m BSF) and 4214 m (54 m BSF), near the base of
Core 597C-1 and the top of Core 597C-2. This interval,
which is similar in runs 3 and 4, is the depth interval that
corresponds to the sediment-basement contact. Holes
597 and 597A recovered basaltic rubble at this contact.
The absence of recovery in the lower part of this depth
interval in Hole 597C (Core 2) is consistent with the
large hole diameter and other evidence of a significant
washout of material in this interval.

The second zone of increased hole diameter is near
the bottom of Core 597C-3, from 4222 to 4224 m (62 to
64 m BSF). Recovery for Core 597C-3 is 37%. The cali-
per logs suggest that the material recovered is from the
upper part of the cored interval.

There is a much higher rate of recovery (84%) in Core
597C-4 than in the cores immediately above it. The cali-
per logs show that this core lies between the second and
third zones of hole diameter increase. The hole diameter
is quite uniform at about 10.5 in. (27 ¢cm) between the
two zones.

The third zone of hole diameter increase is near the
base of Core 597C-4 and the top of Core 597C-5 (4233
to 4238 m depth, 73 to 78 m BSF). This zone is the only
one that was covered by all four of the logging runs, and
it is the zone that produces the most variable caliper
logs. The increase in diameter in this zone occurs over a
greater depth interval than in the zones above. Recovery
in Core 597C-5, which is largely from this interval, is
only 18%. It seems most likely from the caliper log that
the material recovered came from the lower part of the
core interval.

The hole diameter is quite uniform below the third
zone of hole widening (below 4238 m, 78 m BSF). The
logs all show some minor variations in the interval from
4245 to 4248 m (85 to 88 m BSF), but the amount of
variation is only about 0.5 in. (1 cm). No variation in
hole diameter is apparent thereafter down to 4267 m
(107 m BSF), when run 2 shows an increase in diameter
of up to 1 in. (3 cm) over a 1-m depth interval.

The final feature of interest is a constriction in hole
diameter that is registered in all the caliper runs at about
4278 to 4279 m (118 to 119 m BSF). Runs 2 and 4 show
some evidence of a second, smaller constriction about
2 m shallower than the major constriction.

Below 4242 m (82 m BSF; depths represented by Cores
597C-6 through 10), the hole walls are smooth and core
recovery is high, The average recovery for these five cores
is almost 70%. The lowest two cores show a lower recov-
ery rate (51% and 12%, respectively), but we were un-
able to log the depth interval for these cores because of
debris in the hole. It is not clear how much of the debris
represents material from that coring interval. Since the
bit was jammed when it came on deck, the debris may
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also result from the jamming of the drilling bit near the
top of Core 597C-12 and the destruction of the material
that would have been Core 597C-12.

Borehole Televiewer Log

Tool Capabilities, Design, and Operation

Borehole televiewer (BHTV) logging provides a con-
tinuous, complete image of the borehole wall by map-
ping its ultrasonic reflectivity. A complete map of the
borehole shape with depth can be made by displaying
the transit time of the ultrasonic signal. Variations in
reflectivity caused by void spaces, fractures that inter-
sect the borehole, and textural changes in the rocks can
all be mapped. The signals can be immediately photo-
graphed to permit visual inspection for features of inter-
est and also stored on video tape to permit later play-
back and analysis.

The BHTV used on Leg 92 was manufactured by Sim-
plec Corporation and is owned by the U.S.G.S. It was
operated as part of a joint U.S.G.S.-Lamont-Doherty
Geological Observatory program on board the Glomar
Challenger on Legs 68, 69, 78B, and 83.

The televiewer operates by emitting a focused ultra-
sonic beam at one of two frequencies: 1.2 MHz (which
produces a 3° beam width) and 500 kHz (which pro-
duces a 6° beam width). The transducers emitting the
beam also act as receivers and are mounted on an as-
sembly that rotates at a nominal speed of 180 rotations/
min. (3 rotations/s). The tool emits ultrasonic pulses at
580-us intervals (about 1700/s), and as a result it emits
about 600 pulses per rotation. A fluxgate magnetometer
is also attached to the transducer assembly, and it pro-
vides a synchronizing pulse when it is pointed toward
magnetic north. The compass pulse, a firing circuit syn-
chronizing pulse, and the received signal data are all
transmitted to the surface through the logging cable.

At the surface, these signals are both recorded on
video tape and displayed for immediate use. The com-
pass pulse is used to trigger a three-axis oscilloscope to
make a horizontal sweep (the oscilloscope has horizon-
tal, vertical, and intensity axes). The firing synchroni-
zation pulse is used to adjust the blanking of the signal
data, which modulates the intensity of the oscilloscope
beam. Using the firing synchronization pulse (i.e., data
within a time-gated window) to modulate the beam’s in-
tensity ensures that beam intensity will not be adjusted
to compensate for a large-amplitude reflection from the
plastic boot surrounding and protecting the rotating trans-
ducer assembly. The time delay of the window photo-
graphed can be adjusted so that only the signal returned
from the borehole wall is in the photograph, and the
time width of this window can be adjusted. The contrast
of the image is controlled by adjusting the level of the
blanking. The higher the level of the signal, the more in-
tense the oscilloscope beam and the whiter the photo-
graph.

The BHTYV records represent the cylindrical borehole
as an unwrapped cylinder with magnetic north at the
edges of the image and south in the middle. The com-
pass pulse initiates the scan, which proceeds clockwise
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from north. The hole diameters as determined from the
caliper log indicate that the photographs have a hori-
zontal exaggeration of about 1.7 times.

The experimental arrangement of the televiewer has
evolved somewhat since earlier cruises. We used a sup-
plemental DC power supply that doubled the amount of
DC power available downhole. We also operated the AC
power supply at its maximum rating. This overcame the
high power losses in the 30,000-ft. (9.1-km) logging ca-
ble. The high pressure-low temperature conditions down-
hole cause the oil in the tool to become more viscous,
which makes it difficult for the transducer assembly to
rotate. The power increase helped overcome this prob-
lem also and guaranteed maximum torque in the rotat-
ing mechanism. It would be advisable in the future to
redesign both of the downhole power supply circuits in
order to provide a safe margin of operating capability.
During our logging runs, it was apparent that the tele-
viewer was rotating its transducer assembly at only about
40% of its normal rate. Thus, the data run off the right
margin of the photographs, and as a result only about
350° of the hole circumference are shown. Reprocessing
the BHTV records will allow the data to be displayed in
a more coherent manner, however.

Tests conducted on deck indicated that the BHTV sys-
tem was vulnerable to interference from the ship’s regu-
lar radio and amateur radio transmissions, particularly
when the radios operated at high power outputs. This is
not surprising in view of our being connected to a 9-km
cable, part of which was sitting on deck. We arranged
for restricted transmissions while we ran the televiewer
logs to eliminate this interference.

We lowered the BHTV to just above the bottom of
the hole and tested it before we began the logging run.
We used the same kind of depth control for the teleview-
er logging runs as we had used for the caliper runs. We
did not lower the BHTYV tool to the bottom of the hole
because of the possibility of damaging the plastic win-
dow around the rotating transducer head. We started the
computer’s depth counter circuit at the bottom of the
hole, and we used it to provide logging marks that were
read aloud on deck and recorded on the audio channel
of the video tape recorder. These values were also used
to time Polaroid films on the oscilloscope.

The depth marks shown in the BHTV records (Figs.
19 and 20) have been corrected for the depth offset that
results from wireline stretch. Experience has shown that
when relatively lightweight tools like the re-entry tool
or our logging tools are attached to the logging cable,
the wireline stretches about 5 or 6 m in about 4000 m.
We observed that according to the wireline counter we
reached the mouth of the drill pipe at a depth of 4203.5 m
(43.5 m BSF) during both BHTV logging runs. The
mouth of the drill pipe was being held up (above the
bottom of the hole) at 4208.5 m (48.5 m BSF), so the
wireline stretched 5 m. The corresponding correction to
our starting depths, which were at an indicated depth of
4282 m (122 m BSF), puts the start of the BHTYV logs at
4287 m (127 m BSF), almost the same depth as the start
of the caliper logs.
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Borehole Televiewer High-Frequency Log Results

The first BHTV log run was made with the high-fre-
quency transducer (1.2 MHz) and with the downhole in-
strument set at a gain level of 4 (out of 6 possible posi-
tions) throughout the log. The tool was raised from the
bottom of the hole to the top, but we will describe re-
sults from the top down. The Polaroid photographs of
the high-frequency log are reproduced in reduced form
in Figure 19. These are real time records, and they can
be filtered during later playback. In all the televiewer
images from Hole 597C, the signal strength is very high,
which means that the walls of the hole are very reflec-
tive. The blanking was decreased considerably when the
tool rose above 4272 m (112 m BSF). The logging was
done with nearly constant gain about 4272 m. This means
that almost all of Figures 19A, 19B, and half of 19C are
as bright as the part of Figure 19C between 4272 m and
4273 m (112 to 113 m BSF). The decrease in the re-
turned signal strength below 4272 m (112 m BSF) is real
and significant.

The televiewer entered the drill pipe at 4208.5 m (48.5 m
BSF). The 2.5-m interval below that depth shows band-
ing with indistinct edges. The area of low reflectivity
centered on south may correspond to the small washout
recorded by the caliper at 4211 m (51 m BSF). There is a
sharply defined band of low reflectivity ranging from
north through east to south from 4312.5 to 4213 m (52.5
to 53 m BSF) that probably correlates to the major wash-
out found in the caliper run from 4213 to 4214 m (53 to
54 m BSF).

The borehole below this washout is smooth and re-
flective. The first visible fracture is at 4213.7 m (53.7 m
BSF) and dips to the southeast. Just below this fracture
occurs the first of several holes in the next several me-
ters, all centered roughly to the south. The hole is smooth
again from 4218 to 4223 m (58 to 63 m BSF). Two frac-
tures dipping to the northwest occur at 4223 and 4223.5 m
(63 and 63.5 m BSF).

The depth interval from 4223 (63 m BSF) to 4232 m
(72 m BSF) shows prominent vertical banding, and it is
hard to pick out possible fractures. It is possible that the
dark area centered on south from 4224 to 4225 m (64 to
65 m BSF) is the washout found by the caliper at 4224 m
(64 m BSF). The meter below 4232 m (72 m BSF) has a
very poor return and probably corresponds to the wash-
out found by the caliper at 4233 m (73 m BSF).

The banding in the signal changes dramatically at
4235 m (75 m BSF), and this probably indicates the wash-
out found by the caliper at 4236 m (76 m BSF). Below
this depth the banding, which may indicate either a some-
what irregular hole or a somewhat off-center position
for the televiewer, returns.

The borehole appears to become considerably smooth-
er from 4240 to 4242.5 m (80 to 82.5 m BSF). Irregular
banding or holes reappear below this depth and con-
tinue to 4245.5 m (85.5 m BSF). A major dark area ap-
pears at 4246 m (86 m BSF) but does not correspond to
anything found on the caliper logs. The hole is quite
smooth from 4247 to 4251 m (87 to 91 m BSF). Occa-



sional holes are visible in the next few meters down to
4256 m (96 m BSF). Several fractures are recognizable in
this interval. One dips to the southeast at 4252 m (92 m
BSF). There is a concentrated area of fractures just be-
low 4253 m (93 m BSF), where there may be as many as
nine subparallel fractures in a 2.5-m interval, all dipping
to the southeast. The fractures are spaced about 20 cm
apart in the upper part of this sequence; the spacing in-
creases to about 50 cm in the lower part.

Strong banding reappears at 4256 m (96 m BSF) and
continues for about 12 m below this depth. It is possible
to make out numerous fractures in this interval, but we
will have to enhance the playback to count them accu-
rately or see their directions of dip. The hole becomes
smoother at 4266.5 m (106.5 m BSF) and remains so for
about 1 m; then the banding shows up again. The band-
ing continues, with varying intensity, down to 4272 m
(112 m BSF). As mentioned earlier, the blanking signal
was changed at that depth, so the banding, while still
present, looks drastically different.

The intensity of the returned signal drops rapidly be-
low 4275 m (115 m BSF). There is only one moderately
strong band below 4276 m (116 m BSF). The banding
stops at 4281 m (121 m BSF), and a mottled signal of
about equal brightness is present for the next 4 m. A
single band is present for the 1-m interval below 4285 m
(125 m BSF). The last meter of the record probably just
shows the record acquired in the time before the tool
started moving.

Borehole Televiewer Low-Frequency Log Results

The low-frequency televiewer operates at 500 kHz and
has a beam width of approximately 6°. The operational
procedure for low-frequency televiewer logging is essen-
tially the same as that for high-frequency televiewer log-
ging.

The record (Fig. 20) is similar to that produced by the
high-frequency run. The upper part of the hole, above
4272 m (112 m BSF) is very reflective, whereas the lower
part gives essentially no return. The decrease in reflec-
tivity is even more extreme than in the high-frequency
run.

The mouth of the drill pipe was at 4208.5 m (48.5
BSF) for the low-frequency BHTV logging run. The re-
cord below the drill pipe indicates a generally smooth
borehole wall down to 4230 m (70 m BSF). There are
some features of interest in this interval. There are two
holes in the meter just below the mouth of the drill pipe.
A small hole runs from east to south at 4208.7 m (48.7 m
BSF), and a larger hole (or washout) goes completely
around the borehole at 4209 m (49 m BSF). There are a
number of subhorizontal features that may be low-angle
fractures. These are visible at 4211 m (51 m BSF) and in
the interval from 4212.5 to 4215 m (52.5 to 55 m BSF).

A fracture at 4214.5 m (54.5 m BSF) dips very slight-
ly to the southeast, whereas one at 4214.7 m (54.7 m
BSF) dips more steeply to the northwest.

The change in record brightness at 4216.5 m (56.5 m
BSF) reflects a change in the setting of the blanking
control. There is an unusual bright patch in the record
from 4218.5 to 4219 m (58.5 to 60 m BSF) on the north-
west side of the hole.
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A high-angle fracture dips to the north at 4220 m (60 m
BSF). Beldw this fracture, a hole on the south side of
the borehole encountered at 4221.5 m (61.5 m BSF) cor-
responds to the widening found by the caliper at the
same depth. A broader hole found at 4222.5 m (62.5 m
BSF) also matches the caliper record. Several small holes
are visible in the next few meters.

The returned signal becomes very patchy and irregu-
lar in the region from 4230 to 4234 m (70 to 74 m BSF).
This corresponds to the area of washouts and holes found
by the caliper log from 4231 to 4234 m (71 to 74 m
BSF). A similar patchy zone is found near 4236.5 m
(76.5 m BSF). Both of these zones are in the depth range
of Core 597C-5, which had only 18% recovery. The
patchy character of the return probably indicates the
presence of a nonhomogeneous rock layer.

The borehole wall is smooth below 4237 m (77 m
BSF). Several faint traces that may be fractures are visi-
ble. Two circular features are visible on the south side of
borehole between 4242 and 4243 m (82 and 83 m BSF)
that could be pillow rims or the intersection of slightly
scalloped near-vertical fractures that do not cross the
width of the borehole.

Numerous fractures are visible in the record from
4243 m (83 m BSF) down. Three parallel, steeply dip-
ping fractures spaced about 15 cm apart occur at 4243 m
(83 m BSF). All dip to the north. A less steeply dipping
subparallel fracture occurs about 50 cm deeper, and a
similar set of three fractures occurs near 4246.5 m (86.5 m
BSF). Subparallel fractures spaced about 50 cm apart
are visible for the next 5§ m.

A fracture at 4254.5 m (94.5 m BSF) dips slightly to
the south, altering this sequence of north-dipping frac-
tures. There are a few indistinct fractures in the next few
meters below this that appear to dip either north or
south.

A fracture visible at 4260 m (100 m BSF) dips steeply
to the east. Several indistinct fractures are visible in the
few meters beneath this depth. Three subparallel frac-
tures, all dipping to the south, occur between 4263.7
and 4264.5 m (103.7 and 104.5 m BSF).

The record from 4264 m (104 m BSF) to 4269 m (109 m
BSF) is too bright to show any details. The decrease in
signal intensity below 4269 m (109 m BSF) is real and
corresponds to a loss of signal strength that occurs in
the high-frequency televiewer runs at the same depth.

The zone of very low reflectivity below 4270 m (110 m
BSF), a major feature of the BHTV logging runs, is dif-
ficult to explain. This zone corresponds to the interval
sampled by Cores 597C-9 and -10. The recovery in these
cores, 49 and 92%, respectively, is comparable to or bet-
ter than the recovery in cores elsewhere in the borehole.
Nowhere above 4270 m (110 m BSF) did we encounter
such a great signal loss. Physical property measurements
on samples of recovered core indicate that the only clear
differences in the interval of Cores 597C-9 and -10 are
increases in density and sonic velocity. The product of
these two properties is acoustic impedance, which deter-
mines reflectivity. The amount of energy reflected at an
interface is a function of the mismatch in acoustic im-
pedances of the two materials, and the reflection coeffi-
cient is given by the difference in the two impedances di-
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Figure 19, The high-frequency (1.2-MHz) borehole televiewer (BHTV) log for Hole 597C. The depths in the figure are in corrected meters below
the rig floor (see text). Areas of high reflectance are bright and areas of low reflection are dark. Changes in gain and blanking are noted by the
records. A. Upper part of hole. B. Middle part of hole. C. Lower part of hole. Note the change in the blanking signal at 4272 m (112 m BSF).
All the records above this depth are as bright as the record between 4272 and 4273 m (112 and 113 m BSF). The decrease in signal strength at

the bottom of the hole is discussed in the text.

vided by the sum of the two impedances. A downhole
plot of the acoustic impedance, Z, and the reflection co-
efficient derived from it, R (Fig. 21), shows that the area
below 4270 m (110 m BSF) does not differ greatly in
acoustic impedance. The small change that does occur
results in a reflection coefficient about 1.5% higher, not
lower, in the zone of low reflected signal. The low-fre-
quency BHTYV logging run recorded essentially zero re-
flectance, whereas the high-frequency BHTV run did
get a weak signal return. The low-frequency BHTYV is at
500 kHz, and the high-frequency BHTYV is at 1.2 MHz;
the wavelengths are 3 and 1.25 mm, respectively. A dif-
ference in surface texture in the holes could conceivably
affect reflectivity at these wavelengths.
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We are left with several possible explanations for the
zone of low reflectivity. (1) The BHTV tool might have
malfunctioned. This seems unlikely for two reasons. First,
the zone appears in both the high- and low-frequency
records, which were made with separate transducers. Sec-
ond, we raised and lowered the tool across the normal/
low reflectance boundary several times when we first
tested the tool and also between the two logging runs.
The boundary was always found at the same depth. (2)
The borehole might have a drastically lower reflectivity
below 4270 m. The physical property measurements on
the samples of recovered core contradict this idea. The
high recovery rate suggests that we have representative
samples. (3) The borehole might be much wider, reduc-
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Figure 19 (continued).

ing signal strength. The caliper log contradicts this idea.
(4) There may be a large concentration of suspended
particles in the borehole fluid that makes the fluid
acoustically opaque. Nearly 2 days elapsed between flu-
id circulation in the hole and the BHTV logging runs,
which would be ample time for the particles suspended
in the fluid during the drilling process to settle toward
the bottom of the hole. Nevertheless, we feel that this is
the most reasonable explanation for the extreme de-
crease in reflectivity at the bottom of Hole 597C.

Twelve-Channel Sonic Log

Borehole sonic logs have proven to be useful for char-
acterizing the in situ properties of the rocks surrounding
DSDP boreholes. These logs provide a detailed survey
of the changes with increasing depth of the elastic wave
velocities of the rocks. The sonic logs give reliable re-
sults where the rock is homogeneous, but where frac-
tures or other discontinuities occur, substantial amounts
of energy are lost from the transmitted wave. Therefore,
velocity measurements in areas of fracturing are much

less reliable. Much of the upper oceanic crust is frac-
tured or otherwise nonhomogeneous, so conventional
sonic logs are unreliable over the very intervals of the
borehole where accurate velocity measurements are the
most desired, that is, regions of low basalt recovery.

This problem was particularly evident in the results
from Hole 504B on Leg 83, which was logged by using a
Schlumberger long-spacing sonic logging tool. Void spac-
es and fractures are common in the upper part of Hole
504B, and the sonic velocity measurements were quite
variable. The lower parts of the hole were much more
homogeneous, and excellent compressional and shear
wave velocity measurements were obtained. Physical prop-
erties inferred from the logs, such as porosity and clay
content, are in agreement with other measurements ob-
tained at the site.

We used a multiple-receiver long-spacing sonic log-
ging tool developed at the Lamont-Doherty Geological
Observatory and the U.S.G.S. in order to improve the
quality of the sonic log data obtained in DSDP bore-
holes. The tool incorporates a single source and 12 re-
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Figure 19 (continued).

ceivers spaced 1 ft. (30 cm) apart. The spacing between
the source and the nearest receiver is adjustable. The
tool is triggered repeatedly as it is drawn up the bore-
hole, and the seismic wave arrivals at successive receiv-
ers are transmitted to the surface. The entire arriving
waveform is recorded for each receiver position, result-
ing in a 12-channel mini-refraction survey. Each suite of
12 records can therefore be analyzed by using standard
techniques, and the velocities of both the compressional
and shear arrivals can be determined by waveform match-
ing over the entire receiver spread. Data density is lim-
ited only by the time required to run the log and the fi-
nite size of the storage media. This technique results in a
dramatic improvement in the accuracy and reliability of
our measurements of in situ sonic velocities.

The long-spacing sonic tool operates in the frequency
range from 5 to 20 kHz, so the wavelength of the re-
corded energy is somewhat less than 1 m. Structural and
constructional features such as pillows have dimensions
on the order of a few meters or less, so the sonic wave
energy is particularly sensitive to the presence of such
features. The amplitude and frequency spectra of the ar-
rivals can therefore be analyzed to get additional data
on these features.
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Tool Description

The logging tool that was used is manufactured by
the Simplec Corporation of Crowley, Texas. The down-
hole tool consists of two packages connected by a length
of logging cable attached to the two sections by means
of standard Gearhart-Owen cable heads. The tool runs
on seven-conductor logging cable. The uppermost pack-
age contains power supplies and interface electronics that
allow the downhole tool to receive data through the log-
ging cable. The electronics are enclosed in a steel pres-
sure case with an outer dimension of about 3.4 in. (8.5
cm). The sonic source is at the lower end of the upper
assembly. The lower assembly contains control electron-
ics and a preamplifier section in a short steel pressure
case. The receiver string is attached below this section.
The 12 receivers are clamped to a steel cable and en-
closed in a semi-rigid rubber hose that is filled with oil
to protect the receivers from pressure.

Experimental Methods

The experimental technique at Site 597 is to run the
sonic tool through the drill pipe to the total depth of the
hole and then to log slowly upward. Typical logging speeds



are 600 ft./hr. (0.05 m/s) or less. Each signal is gener-
ated by a single source pulse, and the receivers are se-
lected in sequence from the surface. Gain settings are al-
so selected from the surface. The receiver numbers and
gain settings are selected in one of two modes. The log-
ging tool surface panel can be used to select the receivers
and each receiver gain individually. A digital interface
also allows the user to run the logging from a computer
keyboard and have the receivers selected in arbitrary or-
der. The use of a computer allows the gains to be adjust-
ed individually to compensate for changes in the proper-
ties of the rock adjacent to the borehole.

The depths at which the suite of arrivals is recorded
can be chosen in either of two ways. The suite can be re-
corded continuously at selected time intervals as the tool
moves upward in the hole, using a depth count gener-
ated by the computer. Alternatively, the log can be run
with the tool stationary in the hole, so that the user can
select the depths at which data are obtained. These meth-
ods may be varied by changing the controlling computer
program. For instance, the source pulse can be fired, ei-
ther by the computer at preselected time intervals or by
manually depressing a key on the terminal keyboard. The
variations are limited only by the imagination of the
programmer—operator.

The arrivals at each receiver are digitized at the sur-
face and stored on floppy diskettes for later analysis.
Both the compressional and shear velocities are deter-
mined during the postcruise analysis of the recorded
waveforms. The current control program could be ex-
panded to permit real time analysis of the logging data
during the run, however.

Operations

Before deploying the sonic logging tool in the re-en-
try hole, we tried to test the tool in Hole 597B, the pilot
hole. Hole 597B was suitable for testing the sonic log-
ging tool because it penetrated about 27 m of basalt and
core recovery in the lower 20 m was quite high. To test
the tool, the drill pipe was raised to provide about 15 to
20 m of open hole. The logging tool was assembled and
lowered into the drill pipe past a wiper. The wiper sealed
the top of the pipe and permitted the pipe to be pressur-
ized so the tool could be pumped down the drill pipe to
the bottom. The weight indicator on the logging cable
was not operating during this logging run, so it was dif-
ficult to obtain accurate information about the descent
of the tool. The absence of descent information contrib-
uted to the difficulty (described below) we had in trying
to get the tool out of the pipe and into the open hole.

The tool was tested before it was run down the hole.
The connecting cable between the upper and lower sec-
tions had become damaged during tool assembly. The
cable was replaced and the tool operated correctly. The
tool was then reinserted and run down the drill pipe.
The tool was tested as it was being.pumped down the
pipe, and it did not seem to be functioning correctly. We
could not run the tool out of the pipe and into the open
hole below. Because of our attempts to run the tool out
of the pipe, the entire upper assembly was forced down
past the connecting cable, and it became wedged over
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the receiver string, damaging both the cable and the rub-
ber hose containing the receivers. The tool stopped work-
ing at that time, and the logging run was terminated.

We repaired the sonic tool while the re-entry hole was
being drilled. The receiver string was repaired by short-
ening the upper section and removing the first receiver.
The connecting cable was replaced, and a short section
of steel pipe was run over the cable to make the connec-
tion between the upper and lower pressure cases rigid.
The steel pipe made the reconnection of the upper and
lower assemblies difficult and might have increased the
amplitude of the energy being conducted along the tool
body. It was also possible that this configuration would
cause significant interference in the refracted arrivals trav-
eling along the hole. Nevertheless, it was decided that
the connecting cable was too fragile to forgo the addi-
tional support provided by the connecting pipe. Two
other pipe sections were welded to the weight hung be-
low the receiver string to increase the weight of the tool
and to act as a guide as the tool was lowered out of the
bottom of the pipe. The entire tool was run through the
bottom hole assembly (which included a packer section
and two drill collars) to ensure that it would not hang
up in the hole.

The re-entry hole, 597C, was drilled to a total depth
of 4303.5 m (143.5 m BSF), 91 m below the sediment-
basalt contact. The drill string was lowered to about 5 m
below this contact in order to keep the logging tool from
being damaged as it emerged from the drill pipe. The
tool was run into the pipe after it was checked to verify
that the source was being triggered. No arrivals were re-
corded during the tool’s descent through the drill pipe,
in contrast to our experience in the pilot hole. We ran
the tool out of the pipe and into the formation to ensure
that it could be run through the packer section without
mishap.

We were unable to get any arrivals while we were in
the open hole, so we abandoned the logging attempt and
retrieved the tool. The tool was examined in the elec-
tronics shop upon retrieval and no damage was found to
either of the electronics packages or to the connecting
cable. No signals were being generated by the receivers,
and the hose around the receiver string had collapsed at
one point. It was decided that repairs could not be made
rapidly enough to log Hole 597C in the time remaining
for the site.

Comments and Suggestions

The full-wave sonic tool should be redesigned to with-
stand the logging conditions encountered at sea, which
are more severe than in boreholes on land. The parts of
the tool that are flexible need to be stiffened or other-
wise strengthened. The flexible receiver array should prob-
ably be replaced by a more rigid array and protected by
a rubber boot. The receiver array should also be modi-
fied to permit easy servicing of the internal connections
and easy draining and refilling with oil.

It is absolutely essential for the weight indicators for
the logging system to be working for any logging at-
tempt. The total depth-weight indicators currently be-
ing used on the Challenger are unreliable and require
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Figure 20. Low-frequency (500-kHz) BHTYV records from Hole 597C. The hole appears to be more uniform Fhan in the high-frequency
records. Details as noted in the caption for Figure 19. A. Top part of hole. B. Middle part of hole. Note circular structures andl frac-
tures (horizontal sinusoidal features) from 4242 to 4245 m (82 to 85 m BSF). C. Lower part of hole. Note the change in blapk:gg at
4263 m (103 m BSF). The entire hole above this depth is as bright as the portion shown here. Note the tremendous decrease in signal
strength below about 4270 m (110 m BSF).
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Figure 20 (continued).
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Figure 21. Acoustic impedance (Z) and calculated reflection coefficients (R) versus depth for Hole 597C. Acoustic
impedance is the product of density times the sonic velocity.

constant attention from the electronics technicians. They
should either be rebuilt at the factory or replaced. The
damage to the receiver string during the logging attempt
in Hole 597B probably could have been avoided if we
could have seen the decrease in weight that occurred
when the tool hung up at the pipe mouth. The failure of
the receiver connections at Hole 597C might also have
been avoided, because we would not have had to rebuild
the receiver hose.

PACKER EXPERIMENT

We attempted one packer experiment to determine the
permeability and in situ formation pressure at Hole 597C.
The experiment was only partially successful, because
the packer deflated prematurely.

Tool Design

The packer used on the Glomar Challenger is built by
the Lynes Corporation. It was originally designed to pre-
vent the escape of hydrocarbons from a drill hole. The
packer consists of an inflatable steel-belted radial rub-
ber element on the outside of the drill pipe and has an
internal plumbing system that permits the packer ele-

ment to be inflated and deflated by using pumps on the
surface. The packer section is set into the bottom hole
assembly at the distance above the bit that the experi-
ment is to be run. The packer is seated by dropping a
safety go-devil or sampler go-devil down the pipe until it
seats in the packer assembly and seals off the pipe be-
neath. The pumps then pressure up the drill pipe above
the go-devil, inflating the packer with water and sealing
off the outer annulus between the drill pipe and the
borehole wall. When the pressure exceeds 1000 1b/in?
(6.9 MPa), a piston slides into the packer assembly and
the packer becomes sealed off from the drill pipe.

In situ formation pressure can be determined while
the packer is inflated. A Kuster Corporation model K-3
pressure gauge hangs beneath the go-devil and measures
the pressure in the sealed lower section of borehole. We
used two K-3 pressure gauges with a connecting sub be-
tween them in Hole 597C to ensure the acquisition of at
least one good record.

After a sufficiently long record of in situ formation
pressure has been obtained, the drill pipe pressure is in-
creased to 1800 1b/in? (12.4 MPa), blowing a shear plug
in the go-devil and resulting in the free exchange of wa-
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ter between the drill pipe and the previously sealed sec-
tion of borehole. The decay of this pressure pulse is mon-
itored to determine permeability.

After determining permeabilities, a slug test is per-
formed by generating a pressure pulse with the Byron
Jackson (BJ) pump and permitting the pulse to decay.
This test may be repeated one or more times. If the for-
mation is sufficiently permeable, a flow test may be per-
formed by pumping at a given rate and observing the
level at which the pressure stabilizes. The flow test may
be run at different flow values to test for nonlinear be-
havior and possible leakage past the packer.

Finally, a steel ball is dropped down the pipe, which
seats in the go-devil. The pressure is then increased until
a packer deflate plug shears, after which pressure is de-
creased, allowing the packer to deflate.

Operations and Results

The excellent core recovery from Hole 597C gave us
high hopes for a successful packer test. We decided to
seat the packer at the depth where recovery had been
highest (Core 597C-10, 4283 m below rig floor, 123 m
BSF), so the BHA was made up with two drill collars
below the packer. No drill bit was put on the assembly,
since the purpose of the pipe trip was to perform log-
ging and the packer experiment. Holes were cut in the
pipe to ensure that water would circulate freely in the
borehole after we set the end of the pipe on the bottom
of the hole.

The pipe was lowered into the hole after the logging
runs. The bottom seemed to be reached at about 4297 m
(370 m BSF), some 6 to 7 m above the bottom of the
hole. This apparent bottom supported a weight of over
15,000 1b (6804 kg), so we decided that the obstruction
could not be a ledge. The pipe was picked up and low-
ered again to double check the depth, and it encoun-
tered bottom again at the same place. We concluded that
the hole had filled with debris to that level, and the
packer experiment proceeded. We pumped to 1400 1b/
in? (9.7 MPa) to inflate the packer. The driller noticed
an increase in drill string weight, so the pipe pressure
was vented off. The bumper subs were pounding (an in-
dication that they were fully extended) and the pipe sank
about 6 m, making it necessary for us to break out the
circulating head and put on another stand of pipe be-
fore resuming the experiment. We pumped up again in
order to make sure the packer was set, since we were not
sure the packer had inflated the first time. We then wait-
ed to observe in situ formation pressures. After these
pressures were recorded we increased pressure to shear
the go-devil plug. The pressure decayed very rapidly. We
then attempted to pump the pressure up to 150 1b/in?
(1.0 MPa, less than 80% of the overburden pressure) for
a slug test but were unable to exceed 100 Ib/in? (0.7
MPa) despite going to high flow rates. We shut the BJ
pump down and picked up the drill string for a pull test
on the packer. There was no increase in weight to indi-
cate that the packer was seated, so we pulled the pipe
out of the hole.

The records from the two Kuster K-3 pressure gauges
that we used with the safety go-devil are shown in Fig-
ures 22A and B. More details are visible in the original
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records. Records of surface pressure, drill string weight,
and circulating fluid pressure were also used to interpret
results of the experiment.

The results suggest that part of the drill pipe hung up
on the ledge that appears in the caliper log at 4279 m
(119 m BSF). When the packer inflated it may have cen-
tered the drill string, allowing the drill string to bypass
the ledge and causing the packer assembly to slide down
6 m. The center of the packer assembly was then at a
depth of about 4267 m (107 m BSF).

The Totco drilling records indicate that the rate at
which the pipe slipped increased approximately expo-
nentially. The Kuster pressure gauges recorded constant
pressure. The record acquired during this slippage was
therefore equivalent to a constant pressure permeability
test rather than a slug test with decaying pressure.

A second permeability test results from the decay of
the pressure pulse generated by blowing out the shear
plug. The decay was too rapid to be clearly visible in the
Kuster gauges, but it was monitored by the surface pres-
sure gauge. This very brief record indicates that permea-
bility is very high in Hole 597C (over 100 milidarcys, or
1 x 10-13m?2). The results of this test are uncertain,
since the overpressure plug blew and caused the packer
to deflate less than 1 min. after the shear plug had been
blown from the surface. Furthermore, the data from the
surface pressure gauge are not used for this part of the
record under normal circumstances.

The Kuster records are unambiguous about the for-
mation pressure and show a clear shift upward once the
shear plug was blown. The formation was underpres-
sured by about 5 bars (74 1b./in.2 or 0.5 MPa).

The packer element was undamaged when the bot-
tom hole assembly returned to the rig floor, and exami-
nation showed that the packer deflate plug had sheared.

We conclude that the hole conditions in Hole 597C
are excellent for conducting packer experiments in the
future, because the packer element was not damaged even
after slipping in the hole. The details of the caliper log
should be checked before the packer is set, however. We
were somewhat misled by the problems we encountered
in recalibrating the caliper tool after the run. It was only
after the experiments were over and we had time to ana-
lyze the caliper runs closely that we became convinced
that the fine details in the caliper logs were real. We also
suggest converting the system from the analog Kuster
pressure recorders to a digital recorder. The micropro-
cessor unit for the Von Herzen VLHPC temperature
tool consists of a microprocessor, analog-to-digital con-
verter, and memory. It is designed to permit the record-
ing of data other than temperatures and is very com-
pact. We suggest acquiring at least two of these units
along with suitable pressure transducers and pressure
cases for use with the packer system. It would be far
easier to read the data directly into the computer than it
is to digitize the carbon-black-on-brass records of the
Kuster gauges. The digital units also provide great ver-
satility in terms of sampling rate and programming.

SUMMARY AND CONCLUSIONS

The coring at Site 597 produced two important sets
of samples for the interpretation of hydrothermal pro-
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Figure 22. A. Pressure versus time record for Kuster model K-3 pressure gauge (S/N 9942:0 to 9950 Ib/in.2, 0
to 68.6 MPa), and K-3 clock (S/N 13105) for the packer experiment in Hole 597C. The vertical line at
the right shows when the clock stopped operating. B. Pressure versus time record for Kuster model K-3,
9945 pressure gauge (S/N 9949:0 to 15,400 Ib/in.2, 0 to 106.2 MPa), and K-3 clock (S/N 13106) for the

packer experiment in Hole 597C.

cesses. The first is a lower Miocene to upper Oligocene
clay-bearing nannofossil ooze that was recovered at Holes
597 and 597A. It contains a good record of the sedimen-
tation from 15 to 28.3 Ma that can be used to interpret
hydrothermal activity. The second is the basalt from
Hole 597C, where we drilled 91 m into crust generated
at a fast-spreading rise crest and recovered 48.5 m of
rock. The basalts are essentially all massive flows and
show three distinct stages of alteration.

Sediment

Two sedimentary units were recovered from Holes 597
and 597A. At Hole 597C only the lowermost unit was
recovered. Unit I is 1.4 m of Pleistocene to middle Mio-
cene zeolitic clay. Unit IIA is about 40 m of clay-bearing

nannofossil ooze that averages 80% calcium carbonate
and 20% iron oxides and hydroxides, RSO (reddish yel-
low, semiopaque objects), and poorly crystalline clays.
Unit IIB comprises the lower 7 to 10 m of the section. It
is clayey nannofossil ooze made up of the same compo-
nents as Unit ITA except the carbonate content is only
65 to 70% . Foraminifers comprise a few percent of Unit
IIB but are present only in trace amounts in Unit IIA. A
single, probably correlative, ash layer occurs 3 to 6 m
above basalt in Holes 597, 597A, and 597C. The sedi-
mentary column is of generally uniform porosity (about
65%), grain density (2.62 g/cm? corrected for salt con-
tent), and sonic velocity (1.52 km/s).

Unit I spans Pleistocene to early middle Miocene time
with a linear sedimentation rate (LSR) of 0.1 mm/103
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yr. The temporal record of such low LSR materials com-
monly includes numerous lacunae. Sedimentation rates
increase downcore to values of about 7.7 mm/10° yr.
Mass accumulation rates (MAR), calculated from LSR,
porosity, and grain density values, range from about 5
to 750 mg/(cm? x 103 yr.). In the lower portion of the
site, where the poorly crystalline to amorphous, iron-rich
(inferred hydrothermal) component accounts for up to
30% of the sediment, the MAR exceeds 200 mg/(cm? X
103 yr.).

The decrease of nearly two orders of magnitude in
LSR that occurred about 17 Ma apparently corresponds
to the submergence of Site 597 through the early Mio-
cene calcium carbonate lysocline, then at about 3700 m.

Analysis of interstitial waters from both squeezed and
in situ samples revealed no evidence of fluid advection
through the sediment column but suggests that the dis-
solution of CaCO; may be continuing in the uppermost
10 m of sediment.

Rock

Igneous basement was recovered from all four holes
at Site 597. Recovery represented 2 m of basalt frag-
ments at Hole 597; 25 cm of basalt-glass breccia at Hole
597A; 5.4 m of basalt (out of 24.6 m drilled) at the pilot
Hole 597B; and 48.5 m of basalt (of 91 m drilled) at
Hole 597C, the re-entry hole. The penetration and re-
covery at Hole 597C make it the most successful hole
drilled into fast-spreading oceanic crust.

The basalts are olivine-poor tholeiites containing pla-
gioclase, clinopyroxene, magnetite, glass, and olivine.
They are medium to fine grained, moderately vesicular
(in basalt Unit I), and fractured. Massive flows appear
to dominate the entire sequence; only one small frag-
ment, possibly a pillow margin, with a glassy rim was
recovered. Three units, which are distinguished on the
presence or absence of olivine and on the basis of chem-
ical composition, can be discerned within the basalt se-
quence. Unit I is 48 m thick (52.5 to 100.5 m BSF), con-
tains olivine, and is characterized by vesicular sub-
spherulitic to intersertal texture in the upper part and
subophitic texture toward the base. Unit II is about 21 m
thick (100.5 to 121.3 m BSF), olivine free, and domi-
nated by intergranular and poikilophitic textures. Unit
ITI, 22 m thick (121.3 to 143.5 m BSF) has similar tex-
tures but contains ubiquitous olivine.

Three stages of basalt alteration have been identified.
The first is late magmatic, possibly deuteric, alteration
in which saponite has replaced olivine and basalt ground-
mass and filled vesicles. The second is characterized by
the presence of dark green smectite, chlorite, pyrite,
chalcopyrite, and native copper. This alteration stage is
clearly associated with veins. The presence of celadonite
may characterize the transition between stages two and
three; the third is late-stage oxidative alteration that has
resulted in the presence of calcite, aragonite, zeolite,
iron oxides, and a brown smectite. This type of altera-
tion is pervasive in Unit I and vein related in basalt
Units II and III.

The basalts in Hole 597C have sonic velocities typical
of crustal Layer 2—about 5.8 km/s above Core 597C-10
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and about 6.3 km/s in the fresh rocks from Cores 597C-
11 and -12. Paleomagnetic studies show the basalts to be
reversely magnetized and therefore probably from the
reversed interval between Anomalies 8 and 9. This would
suggest an age of about 28.6 Ma for Site 597 (Harland
et al., 1982), an age consistent with the nannofossil zo-
nation of the basal sediments. A brief period of normal
polarity may be recorded in the basalts of Core 597C-7.
NRM intensities are about 1.6 X 10~3 emu/cm?, Mag-
netic inclination values are high (nearly 60° before alter-
nating field demagnetization and 45° afterwards); the
expected inclination for Site 597 (18.8°S) is about 34°.
Unusually high magnetic inclinations also characterize
the basalts from DSDP Sites 319 and 320 (Ade-Hall and
Johnson, 1976), also on crust generated at the Mendoza
Rise. As yet there is no satisfactory explanation for these
high inclinations.

Four downhole experiments were attempted in the re-
entry hole. Caliper and televiewer logs were successful
and showed variations in formation fracturing that can
be associated with both the recovery and the petrology
of basalt. The large decrease in televiewer reflectivity at
4270 to 4274 m (110 to 114 m BSF) indicates that a com-
bination of drilling mud and fine drilling debris fills the
lower 30 m of Hole 597C, even though water was circu-
lated to clear the hole. A 12-channel sonic log was un-
successful at both Holes 597B and 597C. A packer ex-
periment was only partially successful because the pack-
er deflated prematurely.

At the end of our time at Site 597, while awaiting the
rendezvous with the French naval ship Papenoo, we test-
ed a wireline re-entry system under development. Re-en-
try was not achieved, but it was obvious that with the
proper (bottom-mounted) navigational and guidance
equipment the operation could easily become routine.
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597 HOLE A CORE 3 CORED INTERVAL 14.
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» |E CHARACTER B FOSSIL
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s s e 2 = |& 2
s i gl Bt B = 7
AN o St Sl Wl i ; AW !f
P 1= .J_,J__L.. Section 1: £ 7 f
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597 HOLE A CORE 5 CORED INTERVAL 334—430m SITE 597 HOLE A CORE_ 6 CORED INTERVAL 43.0-476m
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L o 3 Bl = = ) =] z < = "
= = |2 a ;‘ =1 E 2 g “| = .
R E T £ il ; HH i
& |2 E|& —— 3 a |8 )
AM m i Byl gt 1 £ 1Y BT P ==k,
At }! i g :z.LI.I_:.—_d. II! i
-, =L L Section 1: 7 ¥ Tyl i Section 1;
o5 &, =, 3 fHn 0-147 em: CLAY-BEARING NANNQ OOZE, brown 051 o AN 0-150 cm; CLAYEY NANNO OOZE, dark reddish
Y S i i I R [2SYR 4/4) vilry clay W FTAT . brown [5YR 3/4) with yoliowish red (BYR 5/8)
1 J..J‘-L 137-147 cm: Slightly darker color g ey b, L smesred blobs et 142—148 em. probably fall in
[F S o s e = - A= Entire section soupy
e e IE “ Saction 2: H 101 -t - ] Wl
i g ¥ 0140 om: CLAY-BEARING NANND OOZE, beown B p TE YL Section ¢
T [76YR 4i4) e T e 0-150 em: CLAY-BEARING TO CLAYEY NANNO
. o t ! e OOZE, dark reddish brown (5YR 3/4) with yellowish
e et Pl | _i Section 3 b e 1] red [5YR 5/8) smeard bloby at §7~73 and 113150
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4 ] 2 + e s ® Section 3:
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I R | }2 }i reddish gray (5YR 4/2) i TR e R “ amesred blobs at 080 cm
:1‘;..&:._._":_u ! section s + "=_-L::'—_;L“ 123127, 133133, ang 145150 c: Sighty durker
ion O -+ - E | N
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raxene. N = plag Harad ouithes). No ignbous contoets within ssction.

1§} Adteration: aqm (] momrlh' alteration; patchy Brown axidative alfteratton st morging of acme Iragments
#nd ground somu veins, Pieces 1A and 18 ary least altered

1) Vesicher: Highly wesieular ranging from 10-20% by volume up 10 1 mm in dismeter — sbspherical, Mo
wesicles filled though empty vesicles common in Pieces B—10, Fillings: brown-stained ?molite, calcite, gresn smactite
(Pigea 7 only). In zoned vesicles caleite occupies center.

livl Veing: Rare, brawn iran oxide/Telay-filled fesp, Pisce BBY or cattite-filled {mp. Pieces 701,

Thin section dawcription

Piece 18, 25-26 cm: Aphyric basalt. The basalt is made up of 2aned |~ Angg~Angp] plagioclane laths and rare
elinooyroxene eryitals st (n 4 finer-grained variolitic matnix of plagociass snd dinapyrokens snd some intmmstitial
grains of iron oxide and cryptocrystaliine - plge coxg, ity Vesicles ~ 16% by volume, subspherical containing
pale hrown cryptocrystalline material (Psmactite 7realite] and sometimes an inner core of calcite. Brown maternal
raplaces the finer grained materisl in matrin (deeper brown whare close ta magnetite). Poible incipient slteration
of feldsper.
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Section 2: BASALT (Tmassive flow)

Macrascopie description

il Rock rype: Basalt — fine o ® d, aphyri ini nd Mo ign
CONLICTS WitHin section.

fii} Alteration: Modeate altecation. Chodative alteration common but variable invalveng replacsment of eling-
pyroxens by orangs-brown Fe-oxide-hydroxides and staining of feidspare. Celadonite sppesrs in Pieces B and 8 and
accurs with zealite i matria a5 well o3 vesiche.

fiii] Vesices: Highly wesicular throughout |~ 20% by volume), vesicles ranging up to T mm dismeter. Filling
wariable from 0-100%. In Pieces 1-7, seolite fanhd Fo-omide) mvd calcite common, In Pioces B and 8 blue-groen
eeladonite snd reolite common. One vesicie in Pisce 8 hat celadanite rim, and zeclite and pyrite in center,

liv) Veins: Rare caicite veins in Fioces 1-7; coladonite and seolite and pyrite and calcite veing from upper and
lower edges of Pieces B and 9

Thin section deseription

Piece 8, 122123 em: Aphyric basalt. The basalt is made up of plagiockass feidupse (roned ~ Angn—Anyg) and
sugitic pyroxene with & small propartion of iron-oxide. The texture is normaily intersertal, focaily ophitic reaching
® maximum grain sze of about 1.5 mem, Vesicles make up sbout 2% by vobume and ame completely filled by pale
hrown cryprocrystalling materisl (Tsmectitel. This same brown materisl reploces about 20% ab the rack, variably
pseudomonphing pyroxene,

Section 3: BASALT (Pmassive How}

Macroscopie detenpuon

[l Rack type: Basalt — fine to medium greined, dightly wﬂ!vmle KZ2%) 10 aphyric, Phanocryss and micro-
phenocrysts | <2 1.5 mm) are of and and Feoxider No
Ignecua cantacts within section

] Alteraticn: Strong, perwasive alteration daminsted by replacament of primary minerals by celadonite, graen
smactite [wsp. Piecss JA and B), rendite and orange Fe-0-OH. Datails of atteration vary down section ag seen in dark

alteration froms’ rich in celadenite which give rock a patchy dark-pale gray appesrance. Prsudomorphing of pyrow-
iens by the various siteration minerals s common.

(i} Wesicles: Appraximately 5% by volume, usually filled wholly o partially. Caladonite mast common filling
but also iron-oxide, seolite, and calcite, Zoning common, often celadanite rim and calcite growing into center; also
zeolite rim and cakcity center. Ovanga Iron-axide-hydroxide slration outside vesicles.

vl Velms: Very thin black celagonite veing oceur throughout. Calcite weins rares but thicker {<I1.5 mm) {sn
Piace 14)

Thin section description

Piece 14, 144145 cm: Aphyric basslt. The basalt b made up of plagioclss (5060, clinogyroxens (#0-50%)

and & few per cent iron.oxide. Both plagioclse lave. Ange) and clinogyraxene are toned. The texture variss from

Intersertal to ophiticipoikilitic. There are sbout 3% sphevical vesicles containing mainty a yellow brown fibrous

matarial {fsmectitel with a small amoint of red-brown Fe-oxide and opagues. This material akso pepsdomonphs
graine. Both feldspars and mary have suttired incitent atteration.

9268783 Depth: 636-72.6m

Saction 1: BASALT [massive flow?]

Macrotooic deseriptian

li} Rock type: Fine to mediumgrained basalt. aphwric with trace micraphenocyysts of clinopyrgxens; min
aralogy: clinopyrovens and piagioclases and Fe-oxides (nxcept Fisce 1 and Pisce 5 at bottom), Mo igneous contact
within section

{H] Asreration: Strong alteration with variations down section, genacally with replacemant of primary minerst
Iy green biue smectite(?) and orangs-red Fe-osides. Piece 1 i dark-pake gray, with no red Feosites, but mainly
with dark alteration minerals. Piece 5 has an “siteration lront” = its top hay Fe-onides snd its bottom is like Piece 1.
Thave is rare paudomonshing of pyroxane by olteration minerals.

i) Vesichey: <Z1% by volume; filled with greon-blue smectite in Piece 1 and bottom of Plece 6 — otherwise filled
with Fe-oxides or zeciites.

{w] Wwins: Rars. Piecs 3 filled with calcitn; Pioce 7 st top (112 em] filled with coladonite [1-1.5 mm}

Thin section Shightly ic basalt , Opague iron axide

and cryp itigl material, ~1% namocryst and 2% plagroctase glomerocrysts (23 mm
wrel. \umrlu: texture (radisting plagioclase laths and intarstitial pyroxens and ‘magnatite’ and cryptocryualline
matix]. Between varioles texture vorses from intersertal to ophitic. Grain size of groumdmass from <0,1-1 mm,
All eryprocrysislline matrix and parts of some pyroxenst are altered 10 yellowsgrasn clay. Otherwise minerals
quite fresh, Further ooxdative slieration converts this 10 8 vellow-brown clay and medium mon oxide {?hematite).
Minar vesicles, contaln some clay minacals and calcite if naar vain. Calcite vein (lata) cuts rock. Very low birsfringent
eryptocrystalling material near vein, probably seclite.

Piece 6, 8789 cn: Basal bilightly plagrociase-phyree). The basalt s made up of sbour 60M% plsgioclase, abour 40%
clinopyroxens and 1 few per cant Feoxides. 11 contsimi ~ 2% plagioclaw phenocrym which ame I-3 men scross,
strongly zoned with outer sogic menging and includes glomerocrysts. The groundmass has an intersertal to ophitic
texture of graln-size 0.5—1 mm aithough the largest poikilitic clinopyroxenss resch 2 mm. There are sbout 1%
wisleles cantaining & bright green cloy mineral (plare polarized light) and &n opaque mineral. Alteration includes
sboul 5% of g [esp. ci by the bright green and & yallow-green clay maneral,
Most crystals are cloudy pmuy{ndnulm af hurther incipient alteration

Section 2: BASALT imassive Nlow?)

Macrodcopic secriphion

1) Rock ryps: Fing to medium-grained basalt; aphyrc with trace micropheanocrysts of clinanyrocens: min:
eralogy: clinopyrowens and plagoctise L Fe-oxides in Pioces 14 and 18)

1] Aswration: Moderate 1o strong alteration with varistions down section, with replacement of primary minacsts
by greenvgray smectital?), 2elite and crange-sed Fe-nxides, Plece 14 thows exidative alterstion [Fe-oxides), Piecs
18 shows an ‘alteration front’ — its top hes dark green-iue alteration minerals and its bottom has Fe-axides. Piece
2 has greanblus-gray emectite and realite. Thare i peecdomarphing of grimary minerals by alteration mineraly
(Fe-oxithes n Piece 1)

1] Vesictes: 1% by volume, Piece 18 bottom snd Piece 1A lilled parily with Fe-oxide rim and calcim in canter
or fulty tiied with Fe.awides. Pisca 2 and 1B top filled with green-blus smectite{?)=1 mm digmeter,

fiwd Vaina: Rare; filled commonly with Fe-oxides: sometimes with adjacint altered rones.

It saerns that Pisces 1A snd 18 should not be placed together.
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82597C3 Denth: 55,5546 m
Section 1

Macroscopic description

Plece 1 is & fine-grained basalt with @ 3 mm thick glassy margin containing fresh glass insice o palagonitised rim.
These is a thin vesicular zons inside the glassy mangin contaning o white yellow minecsl, not catcite (Tzeolite Fsmec-
tite). The remainder contains clinopyroxens plagioctase and & yellow-brown Timectits and about 3% al micro-
vesicies. One ‘hale' abour 3 mm acrods and rimmed with iron oxide could have been a pisudomarphed phenocryst
(Tolkine).

Pleces 2-7.

G} Rock type: Fine to medum-grained baaalt, aphyric (rame yits of
and and oxide as primary minarais. No igrects contacts within
section.

ili) Ahsration: Moderste alteration represented by clay minarals [Tsmactite] partly peudomorphing pyroxene.
Patchy brown owidative alteration zones throughout. Cutside zones the clay mineral is green biue, inside it is yellow
brown.

(i) Vesiclos: Gonaral increass in veidcularity from Piece 2 (= 3% by volume) 1o Piece 7 |~ 15% by voluma)
Vesiches generally subsphercal, maximum size 1.5 mm, Vesicle filling variabls: in mniﬂn}inm it i Bhus-green
clay * caleite + dark gresn clay; in axidative rones 18 is yedlow brawn clay 4 caleite. At barder, yellaw-brown elay
replaces blue-green clay; sround pyrite veing dark green clay replaces biue-greeh clay. Zeolite may siso be present.
fiv] Veini: Nat strangly vained. Thickest (<71 mm) arn of calcite rimemed by yellow-brown clay snd have varishis

ion. Very thin sfvs contain sulfide and dark graen clay +7 manganess oxide,

Thin section descraption

Piecas SA, B3-B4 cm: Aphyric though with 2-5% g g i lagrocl 5%, elina-
ryroxene - 35%, msgnatite -~ 5%, glen =100, Texture— 50% subsphenabitic, the remarmder intersental snd intes.
aranular, Intantitial glass replaced by medium brown clay; minor olteration of feldugar by yellowith matesial, Vesi
e |~ 5-7% vesicles), mostly partially filled. In cnoxidized part of the core, outer zone is medium beown cliy,
inner zome s bright gresn clay. | idized part both are i bry rededish. A G clay
Hoverprinted in the same way.

Section 2:

Macroscopes description

lil Rock type: Fine to medium-grained basalt; sohyric with trace microphenccrysts of cinopyroxone snd
plagloctass {+ Fe-cxrides in Piaces 1, 20, 3, and 5], No ignaous contaet within section. Mineralagy: clinopyronens
and plagioclae.

Hi} Alwmration: Moderate altsration with variations down section; with pseudomarphic replacement ol peimary
minerals by light groen blue clay minerals fsmectite?) snd orange-red Fo-oxides; reclite Pieces T and 5: oxidative
witeration with mainly orange Fe-oxides. Pisces 2A—20 top, 4, and 3 bottom: light groen-biue alterstion minerals,
Altaration fronts in Pleces 28, 20, and 3.

[iid] Viesictes: Puece 1: ~ 5% by volume, 18 mm diametes; partly filed with patchy brown-orange clay minerals,
with red Fa-oxide riems and sametimat with calite In the canters. Pieces 2-5: <7 1% by valume, ~1 mm diamesnr,
filled with light green-blue alteration minersl except Piece 5, sometimes with orange rims (Piece 20 bottom and
iiece 3 1op), soeme filled with caicit.

[iv) Veins: Rare foxcept Piece 5); ~1- 1.5 mm thick; filled commonly with dark alteration minerals, some with
cakcite tesp. Piece B with 5—8 mm veinl. Some vaing have sdjscant red-orange altered zofes.

Thin section deseriprion

Pipce 2C. 50-51 em: Range of grain size from < 0.1-2 mem but no isalated phenocrysts, only a few glomerocrysts
of plagioclas. Tuxture tanges from swbvarmditie | ~50% of slide) to intersartal and intergranular, Mineralogy i
pisgiociass lelbipar, clinopyronens snd magnetite plus ~10% interstitial glass {1otably replaced — o possibly crigin.
dly cryprocrystaliing. Magnetites~ 3% are small [<C 0,2 mm) and oterstitial, Plagioclase has ususl range of forms;
skeleral microlites, long curved microlites, lathe. Alteration & restricTed 10 interstitisl giass and comgrises & dark
raddigh-brown clay minerals which makes up 5-10% ol the rock. Small pyroxenes between microlites sre un-
allected. Visicles make up ~2% of the rack snd ara partly to complately filled by the brevm clay, One thin Ppyrite
wain aiso avident,

Thin sectian description

Aphyric baalt thaugh 1% o gh yuts of plagi Primary -Gl

40 clinopyroxene, and ~ 3% oxide. Texture is mainly ophitic and the grain size trom coyposrystalling o 2.6 mm.
The largest graing are podkilitic clinopyroxene. Approximately 10% of the slido i microcrystalling containing evi-
dence of variolitic texture and possibly some glass [though now teplaced by yellow sericitel, Approximately 5%
yellow smectite in slade, mainly replacing microcrystalline groundmass, ~ 1-2% of velkdes containing yellow
smectite rim and calcite £ brown Fe.onide cars.

Section 3:

Macrascapic description

(i} Rock type: Fine- tomedium-grained basslt; aphytic with rare mierophaenacrysts of ciinopyroxene. No igneows
contact within ssction. Mi inog and plag {# trace Fe-oxides).

{1} Adtaration: Moderate sltaration down wction, with replacement of primary minerals by light yellow-patchy
brown clay (?hminerals, seolive and few orange-red Feoxides,

fiii] Wesiches: 1% by wolume, =21 mm dismeter: some amaty with light vellow rims: others filled with yellow:
brown clay + calcite, possibly also with teolites.

fiv) Veins: Rase, <71 mm, some with calcite, mainly filled with dark igreen?] aitermtion minerals.
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CORE-SECTION 41 -2
82507C4 Depth: 64,5-736m
Sectian 15

Macrascopic dmeription

(i) Rock type Fine 1o medaamgrained basalt; mmrm: Wt trace Mcrophanocryits of pyroxens and plagio-
clise. O ignious contact within section and plags I+ traces of oxides)

liih Altoration: Moderate alteration with variations down section. Alteration fronts in Piecm 14, 18, and 1C;
darker ports seem 10 be mote aftered therm light parts; in dadkes pares thaes are dark green:biue siterstion minsraly
fsmactite?}, trace reolite, patchy beown-orange slissation a1 marging of veins. Replassment of primary minerals by
ilfarent secondery minevals. Mative copper noar same veing (sp, Piecss 1C-E) icopper disseminated «<20.1 mm};
calcite rare.

fiih Vemictes: Trace, < 0.1% by voluma; come filled with dark gresn smectita(?], some nearly smpty with lght
wellow rima, no calcie-fiiling; <1 mm diameter; some with light gresn transparent crystals {coppes minerals?),

v} Veins: Commaon — two types: al with dark gresn emectite Filling and adjacent siteration next 1o it;<X1 mm
thick: b) with white o light brown filling (o calcite of oaly traces) and nearby oxidative alieration {Fe oxided] nesr
10 it 1-B mm; rutive coppes occurs invieinity of this typs

Thin section decription

Piece 18, 26-27 cm: Gl toxtue, 6% total volume, 1.6-3 mm
cryutal size} and clinogyraxers [ 2% 1o1ad valume 1.5-2.5 mm crystal sire, sugite composition]. Some feidwer zored
{sadic rim]. Groundmass cantans fekiyar laihs, some skaberal, ard sphenalites 10.2 mm typical diamete) of fldgpa
with hmsetizial clinopyroxene and magnetite and o small proportion of interstitial ghiss, naw smectite. Some fuld.
sgars Mave cores of brown glaws. Afteration of gliss to yeliow.gresn [p. g, Lokt wnectity, wiich it brown in the
wepinity of magnetite. Magnesites theoughout have oxidized rime. Mo vesicles or wuins, Quine a frash rock by MORB
sturchasds,
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Macroscopic daseription

] Rock type: G.nn o medmmegraingd basale; sphyric with rare microphenocryils of chinngyroxens and plagio
claw. and {+ traces of Fe-oxides). No igneous contact within ssction.

[i#) Alveration: Shight 1o moderste alecation with some variations dawn wction (Fe-onides in Pace 20, BA,
andd BE). Alteratson Ironts mostly in vicinity of veins; darker parts move altered than lighter parts; darker party with
dark graan alteration rminerals which sometimes replace peimary manerals [smectite]; seolite; native coppar naar
wears (mp, Pieces SE and 200, Piece 5E strongly sltered with abundant green smectite(?) s matnx,

liii] Vesicles, Trace, <2 1% by volume, diffarent lings: dark green opague; light green 1ranparent; white (no
calziral: ditterant copper minarals(?; pyrita: Bhuegreen, Some with Fe-oxide 1ims and geeen-blus minaralt in center,
<lmm dismate,

fiwh Vaina: Rase, <1 mom thick. Mainly twa types: 8} with dark green filling or light green alteration minerals
fsmectine?) and traces of calcite; without any visibie halo and b) white to light brown 1o yellow minerais with Fe-
oxide oxidation halos; native copper next 10 the weint (ssp. Pisces 20 and BE}. Pyrite in woirg (ssp. Pwece 5E)

Thin section description

Piece BE, 133134 em:  Shightly pihyric batalt i e yits {23 mm)
lorrming large glomeracrysts, Groundmass texture varisbie. Coarser argas have ophitic — intersertal texiure. Finer-
grained arest have sub-vaiolitic texture, Intestitial materlal v contams groen smectite snd (Til-magnetite gresn
imectite possibly once glass. Alteravon of “glass’ mesns thay lide containg=- 5% bartle geeen (p. p. light) smectite
bt mineraly genarally unaltened. Smectite i brown-green where locslly oxidized. Thin caltite vein cuts sectian.

Saction 3

Macroscapic detcription

{i} Rock typs: Fine to mediumgrained basalt; aphyric with trace microphenocrysts of clinopyroxenes and

and No igneous contact within ssction.

fii] Anwration: Slight to mogerate sfteration with s few voriations down section; simont no Fe-oxides sxcept
naar veins. Replacemant of primary minersls by reclitei?] and smactite.

fiii) Vienicles: Trace <2 0.1% by volurne, sphencal, 1~ 1.5 mm diametee
ation minerals, o sometimes bius smectite.

Uy} Veing; Rare, 1 mm thick filled with dark green material. Ore vein in Piece 1A hat twown-orange (Fe-oxidat)
altaration minaeals naxt ta it |41 om hato),

y all filked with light biue-green alter

Section 4: Basalt {manly sghyric) massive How

Macroicopic description

iil Rock type: Basatr, fine: to mediumgrained with w (=g 1%) microphenocryst of plagiocisse and cling-
pyrovens | ~1.5 mm). Primary - 1+ pxide]. No igneous cantacts. Color:
iy T Qe gy

(i Alteration: Stight 10 moderate alteration mainty repeesented by variable alteration of pyroxena to dark green
elay, Piaces 20~2F exhibit oxidative almration and contain yellow-heown clay. Alteration front in Piecs 6,

Lil] Wesiches: Fore (1% sphevical vesicles =1 mm dismeter filled with clay, Color 2oming in some from almost
black marging to pals graen coms,

fivh Veins: Rare end wregular. Very thin veirs contain dark green clay and Bater?37) brown clay with slteration
halos. A few contain dark green clay only — ane of thess between Pisces ZE and 2F containg native copper. Ore
wein of variable thickness {average 5 mm) in Pieces D and E appears 1o contain a fitwrous mineral (1ealita?], yellow
Beawn clay, calcite, » black-dark red/brown minaral (mica) snd native copper.

Section - Basalt, massive tow

Macroscopic description

i} Rock type: Basalt, fine: 1o mlumqulud with sparse [«f 1%] micraphenocrysts of plagiociase and cling-
pyroxene | ~1-8 mm). Primary m - nd No igneous eontacts. Unilorm gray
eolar.

(il Alteration: Least alisted so far but atill shows o lay
axidative almration moept around vein.

i) Vesrclos: Rare (& 1%) subspherical vesiches containing black dark gray clay.

{iv} Velrs; Two velng only, one in Piecs 1 and & smadler vein in Pisce 3. The vein in Plece 1 comprises an outer
twown clay{7] zone, then an inmer rone going from black to dark gresn at the center. Width ~ 1 mm, orlentation
20" 1o vertical. Smail slvein & above but no brown material. Contacts batween Pleces 44, 4B, 4C, and 4D alsa
dark grasn vein material.

of pyroxens In places. Little

Thin section deseription

Piece 84, 33-34 om: Aphyric though with glomerophyric clustors of imaindy) plagiociee of == sverage grain size,
Taxture varies from mnuutll-: o intersertsl and intavgranudar, Magnetitet #-5%) are emall and interstitial, Othes
minerals ass . Smaller plag orystaly have internal zones of glass,
A0 gless is altored to n dmmn brown Pelay mmcrlr. Mo vesicles of waing

Section &: BASALT (mastive flow)

Macrascopic description

Il Rock type: Basalt, fine- 1o madium nr.m-d with 'puru [-£1%) microphenocrysts of plagioetase and cling-
pyroxene |~ 15 mm), Primar
i ¥ ) [+ owide). No ipreous contace. Calas -

[ii) Alwration: Slight 1o modurate alteration. In Pleces T—4 and parts of Pieces B8, main ellect ls replacement
ol pyroxens by blue-green clay. in Pisces 5--8 varisbdy oxidation replaces the biue-groen with yellow-brown clay.
Dwidation lront evident within Pieces 5-8 in part sharg, In part thaowing mottiing.

Uik Vesicles: Very rare, subspherical clay-filled 0.5—1 mm diamaser,

Iw] Veins: Two types of veing, both vertical or wiwertical. First Type seen (n Piwces 1-5 contsing dark green
clay, vary thin (777 + zealite?]. Second type i Pises 7 is 1 mm hick containing white platy 77zeolite with caleits
I central yug. Associated with o manginal yellow brown clay rone and @ brownish alteration hala axtending ~1.5
©om inte wrrounding rock.
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CORE-SECTION 51 52
Q3EHICS Depth: 735825 m
Section 1:

Macroscopic description

1] PRosk typa: Basalt, fine- 1o mediem-grained with sparee (<J1%} microphenceryats of plagioclaw and cling-
pyresene | =15 mm). Primary mineralogy: plagiociss snd clinopyroxens (¢ oxide), No igneous contact, Gray brown
calor thraughout

fii) Altergtion: Moderaw oxidative slmestion throughour. Brownish crystalline materlal lstaired zeolite more
Hikaly than wmectite} common in groundmass end Freplacing Teldunsr. Pyroxene sppears fresh. Calcite also in ground-
imams.

(i} Viesicles: Rare. smadl containing beown matorial fiee il and calcite.

liw) Veins: Sparse thin véins in fragmenis but sleo st fragment maergine. Contents calcite, probable reolite and
browndth smectite or sron-oxide staining.

Thin section description
Ploca 17, 127128 em: Ophith textuse of i anclosing luth: temture
in places, the Tilkedt by sunsdral-wbhedral magnatite snd glass/oryptocrystaliing material, Grain size from

spaces
£0.1-2.5 mm. Glass altered 1o polden-yallow palagonits asd brown smectits/oxidn,
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Saction 2

Mar.rouool:&ocrlmlon

il Rock type: Basalr, fine to mudmm-nulmd mﬂl wu microphenocrysts of plagioctese and pyroxens,
Piecos B and 7 may contain & yits of pyroxene but this is difficult to sssess
awing to alteration. Plagicslae malmrrnmm m muin minersls as betacs, Mo ignacus contacts, gray-hrown
color

{ii} Adreration: Moderats to intensive. All sxcept Piece & b i hariisg, W green elay
i present thii hos partly reactad to @ brown maierial, and pyroxenes and groundmass a lnvﬂv reptsced. Pleco 4
does nat show this alteration type. The main alteration mineral i5 gresn-white,

1k} Wmleln: < 1% sphevical vesicles in mesn of tection, Content we dark green chay rimmed by ellow-brown
oxidas and/or clay sxcept in Prece 4 where they sre lilled by green-white clay. All 100% filled, Piecos & and 7 may
contain more vesiche (see ).

liv} Veins: Sparss. Piege 1 vhows i which vein cuts vein con
taining dark green clav. Both have brovn oxidized marging,
azeatce Dagth: 82.5-915m
Section 1:
Macrescopic deseription

i1} Rock type: Bassdy, fine- 10 medivem-grained. Spatsely mluvnhvrlc with ~5% feldspar and trace pryronene
microphenocrysts about 2-3 mm scross. and i# oxides), No igneaus

eontacts. Calor! gray.

(il Alteration: Moderately sitered though irreguler variatian in intensity (Piece 124 frashest). Most alteration is
cxidative in which yallowbrown owides'clays pioudomorph pyroxens to variows degrees, Some zealite may bo

presant,
Liih) Vesicles: Spursaty vesicular (-1%) & iran
cal and iregular up to 1 mm dismeter.
U] Vigina: Picces 14 contain o thick vein {1 em maximum width) containing small angular fragments of wall
rock and pinkih-brown fron-cxide andfor clay, Teciits, calcite and a pale groon Pclay and a dark mineral, possibly
mica, Other smaller veuns also present,

. ealicite, pale Brown clay. Spheri-

Thin seciicn description

Pipce 10, B85 cm: Aphyric though with glomerophyric churters that contain plagicctase, adivine and minor cling-
pyroxens. Approximately 60% of the rock has s spherulitic texture, the remainder i intersertal, somatimes imter.
granular. Plagiociass variel from <0.1-2 mm and from microlites 1o tabular laths. Clinopyraxenst vary from 0.1-1
mm. Qlivines are sibeuhedeal, and include one 2 mm erystal and & number of 0,1-05 mm crystale. Magnetite
{=3%) are small and interstitial. All olivines are totally replaced by yaliow clay and orangs brown oxide in rims snd
tractures. AW gless lor cryptocrystalline material) i replaced by brown clay, No vesm or vesicles bn section

Section 2: BASALT Imassive flow!

ic description

Il Redk type m o lmdmm-ylmnd basaht. Aphyric with rare microphenocrys of feldsper snd pyroxens
-3 1. and i+oxides). Mo igneous contact within seetion

(il Aseeration: Moderatety aitered with irregular variation down section. Alwration ls mainly axidative in which
wellow to light brown oxides/clave(?) pteudomorph pyroxens in lighter gray parts: in derker gray parts the siteration
minerals may be the seme, but only the color changes to red-orange-brown (alteration may be mode intensive)

{11] Veslcles<€0.1% by voluma, 1 mem diamater, filind with orange-brown Fe-oxides or Fe-cliyvs.

fivh Vaina: Trace; <Z1 mm thvick: filled with light brown Fe-oxidesimectite.

Section 3: BASALT (massive How|

Macroscopic deseription
1l Fock type: Fing- to medeam-grained besalt. Aghyric with microphenocrysts of teldspars and pyroxens (2-3
mm scross). and plag L+ouides). No ignecus contact within section,

(i1 Aleeration: Modorately altersd with irreguisr varistion down section, esp. nest veine. Alterstion is oxids-
tive with red b maturial which réplaces pyraxene. In the los sltered Pieces 2 battem, 3, and 4
the alteraticn minarals (zeclives?—smectitas?) are light yellow to light orange. Near viens red-brown Fe-oxides snd
samatimes calcite, ere common.

A} Vgsicles: <<0.1% by volume, 1-2 mm digmeter, All filied with material from Fight vellow to brown-red, no
calelte.

fiw) Veins: Common esp. in Pieces 1, 2,5, and B ~1 mm thick, Jilled with green 1o vellow-red smectits and
caicite. Rad Fe-oxide halos.

Section 4: BASALT (massive flow]

Macroscopic description

I} Rock type: Fine. to medium-gras aphyric with 1 ! o
112 mm seross], Mineralogy: clinopyroxens, plagioclam {+ oxides). Mo Ionuulwue(u\thln weczion,

[} Adweration: Moderately attered with variations down section. Replscement of peimary minersls by alisration
material with ditferent colon, from white to rec-brown. Piecet LA—1E; light brown to yellow minerals lalo Fae-
oxides]. Pieces 1F—11: yollow brown, light green and dark green minerals. Pieces 10-10: only light to dark green
aliteration minerals. No “Brown™ color, but white eclites in matrix, Piscs 10 hagan almration front — the battom
of Piece 10 s Pieces 2 and 3 have no colored sltaration product, whils the 1op of Piece 10 has light green min-
Rrat,
[iif} Vesicles: Nearly no vasiclos.

[iv} Veira: Comman in Pisces VA—1N; rave in Pieces 10, 2, and 3; <1 mm—1.5 mim thick: filled with seolites,
ditfarant and calcite. Color s on altaration 2one {white, green, red-brown Fe-oxides halos
in Piecas 1A-1E). Some woll crystallized manerals of eafite(7).

Section G: BASALT (mussive flow)

Macrotcopic deseription

{il Fock type: Fine 1o medium-gramad basalt; sphyric with Mroﬂwmm of Dlnmoeinl and pyroxens
(23 mm across], Mi [+ oxided). No i Ith

1) Aheration: Modergtely sitored with url-ﬁntu down section. Preudtmorpie replascement of um—-\r min-
erals [pyroxenes] by alteration minerals. Ditferent altaration stages: light gresn to dark gresn to light brown to
red.brown. Some blus.gresn steration products {smectitel, Fe-oxides Pieces 4A-4F, some colcite is comman,

(NI} Vimsicles: Trace <<1% by voluma, <<1 mm diamater filled with Fe-cxides or dark grean smactite(?). Empty
wesiches in Piece 1 with ~1% by volume (vug?).

fiel Vainy: Traoe, <1-2 mm thick, White minerals in Piece 48 (less caleitel, Light brown filling in Pieces B8
and SC. Othets filled with dack gréen materialy. Fisce S0 showt ona sids of a vain with filling materialy (may be 2=3
mm thick ], some wll crystallized partly calcite,
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§2507C7 Depth: 91 51005 m
Saction 1: BASALT {massive flow)

Macroscapic description

] Rock typa: Fine 1o madem-geasned batalt; aphyric with of plagh i
1«1 mm scros); tome changes in grain size (e g Piece 2A bottom, fine-grenad). Mineraiogy: clnopyroxens, plegio
clane [+ oxides). No kgneaus contsct within section.

{ii) Alteration: Moderately altered with variations within section. Preudomaorphic replacement of pyrcxenes by
- Hght 1o dark gresn slteratson minerals (emactite?). Alweration faults in Piscat 24 and 20, with changed fram light
green to recHlight brown (Fe-oxide) aftered material.
- [iil) Vesictes: Trace, < 1% by volume, 1—2 mm dismeter, fillad with graen smactite. Sometmas in oxidation
cones with brown matarial.
4 [iv] Veing: Numban of veing vary down saction. Filled with groen or yaliowewhite minerali, most with adjacent
oxidanon haos.
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Section 2: BASALT (mussive flow|

Maeroscopic descrigion

[l Rock typa: Fine- to medium-grained basalt. Aphyric with microphenccrysty of plagiociass and pyroxene
= | =1-2 mm across). Soeme changes in grain 70 (esp, Pieces 14, 1E, and 4C with some fina-grained parts). Min-
sralogy: clinapyraxens, plegioclase.

lil} Asreration: Moderately stored with trace variations down section. Py L of py
by light green aliaration mingrals [in mamix snd phenocrysts), Some light brown slizration minerals in vicinity of
- soma vaing (Fa-oxides)
[ih] Vesiches: Trace (<0.1%). Filled with light graen and green-blue opsque mineraly; <1 mm diameter
= [') Veing: Rare, dark green and some with light green filling, common flight brown [Fe-oxides?) vaing with
cxidation halos

-

AERER RN ARERAERAR SRR LRI R LR ==

Thin secticn descriptan

Piece 4C, 179130 e !.n.il WVarigble grasn size from < 0.1 imm 1o 4 m But not obwigudy W‘«r!!k Ona
A af Texture of mall itie 1exture) of alag

an pyroxene and larger ul-nu:dm latha and pyroxens graint in intergramular relationship and interstitial glass and
= matorial. Yallowsh green smectite replacas glass lor Fesyrocrysialline matorial] and some pyroxers. Brown alieration
peoduct replaces smectitn, sdges of pyroxens and offects sight alterstion of plagiociase. No vesiches or vaini

Seation 30

Macroscopic description

il Rock type: Fine to mediumgrained basalt. Aphyric with trace microphenocrysts of feldspar and clinopy-
o, Hlnmlaav clinapyroxsne. plagiociase (+ oxidet]. No igneous contect within sction.

(] altered. of pyromines by ight green-tbee antd sometimes
by rad-brown |Fa-oxides?} alteration minerals.

(ihi] Vesiches: Trace, < 0,1% by volume, filled with light green minevat, diameter <1 mm.
= fivl Vaing: Baside some small veing {(~1 mm thick ) filled with gresn-blus material, thers ane parts of and comglate
wisible vains =1 cm thick, Dilbed with yellow brown fine-grained material, masndy calcite [XRD), some amorphous
B minerals and potsibly some Fe-oxides (caboe). Within this vain 1illing are some unidentified partiches (1-2 mm scrom)
which may be smectite and disseminated native coppor. Between vieing and basalt there are only imsl raction zones
— {21 mm) with grasn-blus orfond red-brown alteration minerals imainly Fe-oxides), Piecs 2 coniists mainky of ein-
Tillig matrisl

w

= —) ) =) ) =) =

Section 4:

Macrascopic description

il Rock type: Basalt, fine. to med ingd, i s h yits of feldspar
—t 11-2% by voluma, 2 mm maximum mmurl and cli 1+ onide). No igneous
contact. Color: gray with brown catches

(i} Alteration: Moderately sltered with blue-green and dark gresn partial — complete sltaration of many cling-
L L — L — L - pyrokene crystals and n patches slswhers, Sometimes sultides occur s tiny scatterad geanns within the cliy mingral,

Local siteration of gresn clay 1o yellow-brown clay minsrals.

T4 5 FHi] Mesiches. Almsost non-vesoular,

livh Veins: Sparse, up 1o 1 mm thick. Typicsl wein at top of Piece 10A is rimmed by yellow-braown clay minerali
and hes o cor of dark green clay minerals which is mottied due to & dark red sfeeration product. The wein is sur.
rounded by @ 1.5 cm beown altaration hala.

—
=

Section §:
Macroscopic description

[l Rock type: Basalt, fine to medium-ge sparss | ~ 3%} mis wits of pl fold-
spar (2-3 mm maximum shel. H and 1+ oxides). No igneoul contacts. Color:

way

(i) Arteration: Moderate, main sileration proguct is blue-green clay mmeraly which partisliy—totsily preuto-
‘mprphs some pyrootenas and oo as patches al

liirh Vesicles: Almest non-vesicular.

liwh Vaing: Vertical vein containing dask grean cliy minarsl forma the left hand edge (s drswn ) of Pieces 3-5.

L6S ALIS
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CORE-SECTION B 82 83
82.5087C8 Dapth: 100 5-108.5 m
Section 1
Macroscopic deseription
il Rock type: Basalt, fing- 1o medium grained pars (3-8 mm} md glomerocryt
af mubhadral clinopyroxene (3% by volume ina ¢ and {+ axida). Na ignecus

contscts. Gy,

fil} Adtaration: Slightly altred with local rones of oxidative slisration but freshest in core 4o fas, Pyroxenss
altered; Irown 11ain 1o feldspar in oxidative Tone,
{if} Vesicles: Amest nonvesicular.
{iv} Voins: Rare — most common gt the bese ol Piece | where they contain pabe green to colorless batryosdal
calcite and o black matesial (MnO57, smectinm?)

Section 2:

Macroscopec descrption

0l Reock typa: Basalt, five- to medium-grained. Sparse (1% or bess| microphenocrysts of elinopyroxene, 2—-3 mm
oo is and |+ oidde]. Mo igneous contacts, Homogeneous gray.

{ii) Alteration: Stightly attered, with a few patches of axbdative alteration in the top 40 em and sverage small
propartion of clay minerals throughout.

(k) Vesicles: Nonvesicular

liv] Veins: Rare, up to 1 mm scrom, Vein 81 30-35 cm s most interesting, containing pale green, waxy smar:

Rupresentation

phour Psmectity and caleite, Vain marking Fisces 1A—18 contact contains calcite, black TMnDy and brown lron-

ouide [? or emactite),

Orientation
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Section 4.

Macroscopic deseription

1) Rock type: Basalt fine- 1o mediam-grained, Textures s in Core B, Section 3, No kgneaus contacts, Gray with
irown patches.

fiil Altesation: Slight Increase in alteration of Core B, Section 3. Dark green clay minersl replacement of py-
raxsng more common Oxidative alteration zones mainly around veing marked by replacemant of green clay miniesl
by yedlow-brown clay minaral for [ron-oxide?) and posibéy by replacement of feldipar by teclit.

(li] Veeslctes: Almost nanvesicular,

fiv} Veina: Rare. Contain dark green clay mineral [<<1 mm thick) with very minor red and yeliow brown faxide
In Pieca 2C together with minor caleite and Pzealite.

Thin setion description

Cph texture in which laths .23 mm In lsrgest dimention are anclosed in large anhedral
pyroxene {augite) erystals which can reach 10 mm in length. Both feldspar and sugite are strangly soned, Appras-
mately 5% magnetite [ubhedral, often skeletall occurs mainly within pyroxene. Bock (s almost complowly frash

Section 6: BASALT (massive flow)

Macroscopic description
i} Rock type: Fine- 1o medium-grained basst, sphyric with trace
[+ owides), No ign

vt of pyraxane.
fin contact down section. Fragments with brown patches in Pieces 1A
wnd 18,

i) Adteration: Slight to moderate alteration with varistions down section. Pisce 1A and top of Picce 18 havo
brown-red alteration minecals peeudamorphing pyrossna. Aleration front in Piece 18, Piecas 3 and 5 are mose
altared than Plece 102 and & but contuin no brown-colured alterstion minsrals, which ars comman in Pioces 102
and 4. Pieces 1C~2 and 4 alvo show light to dark grean sltaration products a) ing pyroxens [smsctive?),
Pyrite <0.1 mm scross in Pisce 5,

fiii] Vesiches: Almast no vesicles.

[iv] Veima: Almost no veins down section, excent in Pinces 3 and 5. Piece 3 has one veln filled with light green
materinl snd one wein filled with caleite, Piece 5§ has one vesn filled with green altecation matarial; pyrits ooourt
near this vein,

Section B: BASALT [massive tow)

Macrascopic description

il Aock type: Fine- 1o mediem-grained batalt. Aphyric with trace microphanacryins of pyroxsns and plagio-
clase. Gray with beown patches (in Pieess 1G—7 only] No igneour contact within ssetion. Minaralogy: elinogy:
roxene, plagiocless (+ oxides and sulfides [7] |,

fiil Alteration: Slight (Pisces 1A-1F] to modesate (Pleces IG—H alteration with variations within section.
Piecas TA-1F: light green slteration minarali {elay) i fing-grained pyrite
1<20.1 mm scross); nesrly no Fe-oxides as alteration products, Pleces 1G—7: patchy brawn to rad-tvown Fe-oxides
& alwration minerals [+ smectite] pseudomarphing pyraxens; fewer groen colored minarsly pyrite dissppesrs;
sometimes seolite raplaces feldupar.

(il Vesicles: Almost non vesiculas,

liw) Veins: Abmest no weins down section.

Saction 7: BASALT Imastive flaw)

Macrescopic description

i} Rock type: Fine- to medium.graingd basalt, Aphyric with rane microphenocryss (1-2 mm scross) of py-
roxens and plogicclase. Gray with brown patches [Preces 3 and 7-12 oaly). Minsralogy: clinopyroxanas. plag-
inclase |+ oxides). No igneous contact within saction

i} Alteration: Slight {Pleces 1-2 and 4—8) 1o moderate (Fieces 3 and 7-12) alteration with variations within
section. Pieces 1-2 and 4—8: Jight grean-blue sltwration minacals (clay, smactits [7] | praudomorphing pyroxenes;
disseminated fine-grainad pyrite? (sulfide minerali] (<01 mm scross <0.1% by volume), no Fe-axides Pieces 3
and 7-12: patchy fight brown Fe-oxides [smectite|7]), and red-beown clay slteration minerals, peeudamorphing
pyrooene; no pyrite. Rare replacament of feldspar by sealite down section.

i) Vesacles: Non-vesicular,

liv) Veirs: Almost no veing (excopt Pince 11. vain filled with caicite. oxidation halo next 1o t).

Pisce 1B, 4548 em: Plagiocless laths and magnetite crystats in a rrurulr firer ram«t matrix of clinogyroxens

TxTae On the

and plagiochste, Matrix noemally has an i e,

and

samtimes the plagioclsse can be microcrystalline. Zaning in feldspars is seen at all scales of crpital sire; pyroxanes

arn slio roned though 1o & lesser extent.
Section 3

Macroscopic description

i) Rock type. Basalt, fine to medium-grained with a wv alight cosrsening of grain size from tos to battom of

ad

the section, Mars-or-less aphyric: very sparse

1+ oxide). Marked variolitic: textuen in which spharical varioles are surroundod by largar graine of plagioclase and

in intersertal Mo igneous textur. Gray with brown patches.

i) Adteration: Fairly fresh in the first and last 30 om; elsewhars slight, ireeguler axidative alteration, including
miner alteration fronts, Oxidative zones contain minor yellow-brown Fe-oxsde |+ smectite? + zeolite?). A snall

dugres of alteration by bluish clay minerals exists
(] Wesiches: Non-wescular.

{iwh Voing: Rare, Only 1 significant vein 01 4 em batwaean Piece | and Plece 2A. Contabns blue clay minerals and

black Mn-oxide and brown Tiron-oxide. Carries 5 em-wide slteration hala.

L6S HLIS
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92.597C8 Depth: 108.5-1186m
Secrson 1: BASALT imassive flow)

Macroscopic descri

i} Rock type: Medium-grained basalt. Phyric with trace mn:mulmm -3 mml of plagioclass and py
roxene. Fragments with brown patches within section. Mi snd oxides. No
igneous contact dawn section,

L) Alteration: Slight (Pieces 28, 4C, 4D. BA-6C] to moderate (Poce 1. 24, 3, 44, 48, and 5] alteration. Pieces
28, 4C, 4D, BA—8C: soma light grasn alteration minsrals (imactin pesudomarphing matrix pyrocans. Piaces 1,
IA, 3, 4A, 4B, and 5: patchy light brown Fe-oxides and clay minerals, pseudomorphing pyroxene. Pyrite (<01
men across) in Piece 5.

i) Vesiches: Almost non wesicular

liv] Veins: Trace, except Pieces 44 and 48; 1-1.5 mm \‘lur.h in Piece 44 filled with green-blue material (oela-
donite?), Altarstion near veins slways mare intentive; oecurn

Section 2: BASALT (massive flaw)

Macroscople description

i} Rock type: Same as Cors 9, Section 1. Na igneous contact down ssction.

{5l Alterstion: Slight 1o moderate [Fieces 1C, 3, 48, snd 4C) slteration, Varistion between nesrly fresh besalt
and alight alteration with light grnon alteration minerale, puudomorphing matrix pyscxene. Pisces 18 battom, 1C,
3, 48, and 4C have patchy brown Fe-oxides and clay minerali, sometimas pstudomorphing gyroxemne. Alterstion
front in Plecs 48 and 4C.

(i} Vesiches: Non-vesicular

(iw) Veins: Rare; filled with brown clay minerats (Pisce 18) or green smectite (7] Pisce 4C. Alteration haios next
to the weins.

Section 3: BASALT Imassive Maw)

Macroscopic description

il Rock type: Same as Core 9, Sections 1 and 2; no igneous contact within section,

(i) Alweration: Slight (Pisces 1A~1C) 1o moderate (Pieces 10-3C) alteration. Pisces 1A—1C: some green altes-
ation minerali, paeudomorphing matrix pyroxena. No strong slteration nixt 1o large vein in Fiecs TA. Pieces 10-3C:
brown to red btown clay minerals and Fe oxides, some mﬂmunlnn primary minesals. Alteration fronts in
Peces 1F, 34-3C, showing the abowe described alteration processes

i} Wesicles: Almast non-vesicular,

liwh Veins: Rare; except Pieces 1A and 1B, Piece 1A: 1-3 mm thick wein Ffilled with green-biue clay minersls
imectite, some celadonite [XADI | no calcite, no Fe-oxides. Plecs 18: Vain <1 mem thick. soma filling as Pisce 1A,

Section 4: BASALT (massive towl

Macroscopic description
il Rack type: Fine. to medium-grained basalt with a dupn coarsaning of grain sze from 1op to bottom of tha
wectian, Aphiric with rare af feldspar ¥ Gray with brown patches next to verni.

Minaratoqy: clinopyroxenn, plagiocksss and oxides. Mo ignacus contact within sction.

(i} Alteration: Slight to moderats alterstion in Piscas 1-4A, Ploces 48—4G are simont fresh basalt, with altes.
ation anly in vicinity of vains and alteration fronte af a fww cm. Pieces 1—4A show normal caddative altaration with
light brown alteration mingrals and some Fo-oxides replaging pyroxens psewdomorphically.

(i} Vesicles: Non-vesicular

(v} Viins: Comman within section. Piece 1: green smectite filling. no coladonite (XRO], no caleir. posibly
soma zeolite (12 mm thick], All other weins ara <1 mem thick with gosen slsration minersls and sdiacent alter.
ation habos
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82:507C10 Depth: 1185-12756m

Section 11 BASALT (massive Now]

Macrascopic description

i} Rock type: Fne- 1o medium-grained basalt, with slight increase of grain size from top 1o bottom, Trace
microphancerysts 112 mm across) of plagiccias and pyroxens. Gray with brown paiches within section. Min
wralogy: clinopyroxens, plagioclase (+ oxides). Ko igneaus contact down section,

i) Alteration: Fresh 1o slightly altered basalt. Pisces 1—6 light brown alteration minerals, no complets alter
ation of primary minerals. Pieces 7—80: frash [limost) with some weak sheration frants near veing. Plece B8 containg
light green afteration minerals.

Alil} Vesicles: Non-vesicular.

(iwh Veing: Common in Pieces 1-4 with dark green smectite vein filling, no calcite. Piece 38 shows vein filling
on ity 1op side

Section 2: BASALT (mastive flow)

Macroscomc deseription

il Rock type: Fine- 10 medium-grained basait. Aphyric with traces of microphenocrysts [~2 mm across) of
teldspar and pyroxens and oxides{?). Gray with dark gray and brown patches within section, Mineralogy : clinopy
ruxane, plagiocle [+ axides). No igneous contact down section.

Hii} Anterstion: Moderately altered with of and pyroaene by usually
light green slteration minsrals (smectite?) and sometimes zeolite (40-50% of matrix and phanocrysts are affected)
Some traces ol pyrite occur. Alteration fronts are common with a zone of light brown 1o red brown clays and Fe
ouxidas, agp. near weing,

fili) Viesicles: Almast non-veticular

liv] Weine: Rare; core may be broken at veins with axidative aleeration halos next 1o them and same traces of
calcite,

Section 3. Basaly imassive flow)

Macroscopic descripticn

Y Rock type: Seme a3 Core 10, Section 2; no igreous contact within section,

[il] Alteration: Siight to moderate altaration with variation down section; same ax Core 10, Section 2, No pyrite;
oxidative sltaration anly in Pioces 1A, 18, 1C, and 1F

1iik Wesicles: Almost non-wesiculsr. Three vesicles in Plece 14 filled with brown Fe-cotides or clay.

liwh Wemna: Trace: only Pieces 1A, 18, and 10 with green alteration minarsls s filling and Hinke calcite.

Section &: BASALT Imassivs How)

Macrescopic descriptian

{ih  Rock type: Same s Core 10, Sections 2 and 3; no igneous contect down section,

i) Alreration: Shght 1o modarate atteration with slight variation down section; pssudamorphic replacement
of plagiockase and pyroxens by yellow-white 1o light green alieration mineraly, Almost the tama a3 Core 10, Sectiond
2 and 3: no Fe-oxicel as altarstion minerals. Trece pyrite in Pieces 14 and 28

{Hi} Vesscles: Almast non-nesicular.

{iwh Vains: No veins.

Section 5: BASALT (massive flow]

Macrowapic description
[} Rack type: Same as Core 10, Sections 2, 3, and 4. No igneous contact within sction
[} Ameraticn: Slight 1o moderate altaration with slight varistions down section. Almost the same & Cors 10,
Sections 2, 3, and 4. Oxidative sltesstion only in Piecas 1G and TH with sight alteration fronts; no pysite found
[iit) Vesiches: Almast non-vesicular,
[iv] Vieens: Almost no veins,

Section B: BASALT (massive Mow}

M ouooget: description

[i] Rock type: Same as Core 10, Sections 2-5; no ignecus contact dawn section,

liih Adieration: Slight to moderate siteration with varistions down section. Pssudomorphic replacement of
plagiceiase and pyrowens ususlly by Hght green alteration mnesals [smectite?); 30—40% of matria and phenocrysts.
are affected, Allerstion fronts are common with patchy brown o red-brown clays and Fe-oxicles, esp. near rims,
Somatimes the alteration minerals are light beown.yellow in colar.

[idl Vesicles: Almost non-vesicular

livl Veim: Core usually broken st veins; which arg filled with light to dark grean clay minersls (e, g chiorite)
Mear veing there are oxidative alteration sones | Sometimes 8 few em), Vieing may be ~1 mm thick.

Section 7: BASALT imassive Now)

Macrotcopsc description
1] Fock type: Same & Core 10, Sections 2—-8; no ignecus contact dawn section
fii) Alwsration: Nearly the same as Core 10, Secticn B, with powsibly fewer brown patches down sction,
Gid] Vesiches: No vesclen.
fiv) Veine: Same as Corn 10, Section 6
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82587C41 Depth: 127.5-138.5 m

Saction 1:

Macroscopss descrigtion

(il Rock type: Basalt, medsum-grained, Aphyric but occasional glomaracrysts of feldspar, Ophitic texture —
rock i dotted with lerge clinopyroxenss enclosing feldwpar. Clinopyroxene and foldspar only major minarals, Uini.
torm gray color: na igheous contacts,

i) Adweration: Wesk afteration of pyroxene snd groundmass by blue green 1o gresn clay manerale, Wask saper-
imposed oxidative alteration 1o yaliow brown oxide/clay in aiteration Zones around some weins — esp. ot Piece
2A-28 boundsry,

fiii) Vesicles: Almest non-vesicular

[iv) Welns: Na veins within lragments but all fragment boundaries form along waing. Main wein filling s dark
green 1o black cloy mineral [ £MnO477), Some have sdditional calcite and beown Fe-oxide/clay and these glhio hove
brown oxidative zana

Section 2:

Macroscopic description

(i) Rock type: Like Core 11, Section 2. modium-grained homogensous basalt with an cphitic texture.

liit Atmration: Alweration of pyrowens and fine-grained mamix by green 1o blue/green clay. Cwxidative alter
ation rones common aroaind fractures in Plece 1: yellow brown oxide/cliy the commen product.

(i} Vesicles: Almast non-vesicular,

i) Veim: Dark gray clay and calcite brown ran oxide/clay are the common products. All pleces rimmed by
vain-flkling: mont vaing horizontsl,

Section 3:

Macroscopic description

G} Rock type: Basalt, i ined, mostly and clis in ophitic ralstion-
ship. Possibly olivine but graina complotoly replaced. Some plagociase glomerocrysts, Color: gray, no igneous
contact.

i} Adteration: Dark greon clay alteration of firegrasied matersl, Some yellaw-brown alteration of Tollvine,
Alteration wiak 1o modérats.

L) Vesicles: Mo vesicular.

liv) Vaing: Quite strongly veined as indicated by small sizes of Pieces 3=11 which are all bounded by weins.
Wain filking ks graen hotryoidal clay, white calcite and yellow-brown crystals [Fseained seclite/clay)

Section 4!

ic description
fil FRock type: Fine to medium-grained basalt, genevally apiyric i and cli No
igreaus contacts. Calar: gray with brownish patches.
i} Alreration: Wesk alieration of fine-grained matrix and some gyroxanes to blue-green and green clay minerals,
Somn rones of oxidative alteration
[l Vesichs: Non-vesicular
liw) Weina: Sub-vartical dork green clay snd eatcite velns, sspecially ut left hand margin of Places 3 and 4.

8258712 Depth: 136 6-1436m

Saction 1: BASALT

Maciostopic deseniption
1i}  Rock type: Same us Core 11, Section 4.
{il) Alteration: Same as Core 11, Saction 4
(i) Vesicion: Nonvevcular
[iv) Vi Mo weins,
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3.4

NO RECOVERY
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SITE 597 (HOLE 597A)
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SITE 597 (HOLE 597A)
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SITE 597 (HOLE 597C)
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SITE 597 (HOLE 597C)
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